Abstract of thesis for RuP»
A ctudy of tfie Physiolop?/ and Ecolo/r/ of certain Cladocera
"by D. 8#Johnson , II. A, -, Bedford College .

Comparatively little work has been done on the ecology of Cladocera
except in regai'd to planktonic varieties , and special subjects such
as cyclomorphosis °

This thesis is an attendit to ascertain the factors governing the
occurence and distribution of Cladocera , by means of a special , main%y
laboraton” , studj® of certain factors combined with a general field -
survey

Temperature , the factors influencing parthenogenetic reproduction ,
and food-supply were specially studied ¢

It TIIS not possible , exc”t for a few varieties , to correlate resis-
tance to liigh temperatures with occurence and distributions Resistance
to low températures was corr”ated with seasonal but not ivith spatial
ocf'lurence

The effects of temperature , crowding , amount of food , and light
on partlienogenetic reproduction were investigated » Increased t"peratures
increase froquency of moulting , and shorten the duration of the
pre-adult phase . %g-number may or may not be reduced , the behaviour
being probably associated with the seasonal occurenece of the species «
Tiie otlier factors all liave marked effects on egg-number , varying some-
\A t as between spcomes # They hAve no effect on frequency of moulting
or logevity » Food and temperature effects show no intei“action e

A general sum®ey v/as made of the distribution of Cladocera in lakes
and pools in Scotland , England , and Denmark ¢ Notes were made on ind-

ividual species ¢ Tlie opportunity was taken of clearing ip some taxo-

nomic difficulties o



*7ithin habitats Cladocera often show marked localization . Factors
responsible for triés include food-supply ; presence and nature of
vegetaion ; water-moveriient ; and type of bottom o

It is more difficult to conelate Gladoceran distribution with the
general nature of the habitat . Most,but not all , Cladocera appear
to be indifferent to trophicity and pH ¢ Larger liabitats ha'ee more varied
faunas , and also somewhat acid liacitats ¢ General stability of the
habitat is probably important e

Parasites are often fatal but are tooo rare to be inroortant «

% )ibiotes are usually liarmless ¢ Many species prey on Cladoceira , but
only fish and tadpoles certainly control their numbers « Competition is
probably very importeint in determining distribution , but related species
often occur together -

Apaper on Da-plinia systematics ( in Ms. form ) is included with this

thesis °



submitted for the le.;ree of Doctor of Philosophai

June 1951

* A Study of the Physiology and Ecology of certain Cladocera *

by

Desmond Sidn” Johnson , Bedford College ,

University of London#

4.anN



ProQuest Number: 10097973

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

Pro(Quest.
/ \

ProQuest 10097973
Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.
Microform Edition © ProQuest LLC.

ProQuest LLC
789 East Eisenhower Parkway
P.O. Box 1346
Ann Arbor, Ml 48106-1346



Table of contents ¢

Introduction 1
Methods 4
8ysteraatics and nomenclature 5
Terminology 6
Acknowledgements and responsibility 9

Part 1 ¢ Special investigations 11
Thermal resistance 11
R”roduction in relation to teirperature and 59

other factors
Food and distribution 78

Part 2 * Gneral ecological, survey 109
Notes on individual species 110
Distribution of Cladocera vdthin lakes and 195

ponds
The cladoceran fauna and the general character 201

of the Y/ater-body
Biotic factors in the distribution of the Cladocera 210

General sujmary 216

List of references 220

Appendix 1 * The gut-contents of variuos Cladocera 256

Appendix 2 ¢ Association of Daphnia cucullata 259
with nanoplankton algae

Appendix 5 ¢ Algae and Cladocera records for a pool 261

in Bedford College Botany Garden

Included with thesis , separately numbered

* The British Species of the Genus Daulmia ’> Ms# copy °



A Study of the Physiology and Ecology of Certain Cladocera.

The Cladocera as a group have attracted great interest ever
since the invention of the microscope. The earliest studies were, as
to he expected, mainly morphological & systematical. Ckring to the
intensive studies of such workers as O.P. Idiller (1785)j Jurine (1820),
0.0. Sars (many papers 1860-1920), P.P. Lililler (1867)> & Lilljeborg
(1900 etco), the main outline”f the “stematics and general distribution
of the group were known by the beginning of this century, at least as far
as European species ar concerned, though much work still remains to be
done on the details. This early period of *discovery* was brought to an
end by the publication of Lilljeborg* s Cladocera Sueciae in 1900.

The published work since this period is immense, but, except in
regard to a small number of species, and to certain special problems
(mentioned below), it has added conparatively little to our knowledge.

Most attention has been paid to the problem of sexual
reproduction, and the possibly related problem of cyclomorphosis. These
have occipied a great number of workers of the highest calibre, from "
Weis"manJl(1874-1880) to the present day. Outstanding are the contributions
of Vfoltereck (1928, 1933 etc.), Wesenberg-Lund (1926 etc.), Berg (1931,
1933>) Mortimer (1933» 1937%)> Coker (1939) and Santa and his co-workers
(1939 etc.). Neither problem can be considered to be fully elucidated,
but a number of observations of general interest have been incidentally

noted. Such of these as have a bearing on ny research will be referred

to at the appropriate places.
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Largely in connection with these problems a certain amount of
attention has been paid to the vertical distribution and migrations of
planktonic Cladocera.  Woltereck (192?) refers to a number of such
investigations. Of great icportance are those of Birge (1397)> of
Wesenberg-Lund (1904-1918), of Southern & Gardiner (1926), and of Lantzsch
(I97~)> but there have been roaiy others. Many attenpts have been made'to
correlate the distribution of planktonic Cladocera with the trophic
con dition of lakes. For the most part these have been unsuccessful,
and many authors such as Gurney (1923) have honestly admitted .that there
appears to be no correlation.  More successful have been the studies of
the ecological requirements of individual plankton species, such as those
of Thienemann (1926) on Holopedium gibberum, and Rylov (1941) on Daphnia
cristata.  Vtliere these affect species that I fiave dealt with, they will
be referred to below.

A considerable number of investigators, such as Cannon (1933)>/
Storch (1922, 1924)5 Eriksson (1934)s Stuart and co-workers (1931 etc.),

Naumann (mary papers 1912 - ), Woltereck (1928 etc.) and Lefévre (1942)

have investigated feeding mechanisms and food. Their work will be
mentioned in more detail later. All that I need say here is that in vei™”
m%" points authors are in violent disagreement. This-is particularly

so in regard to the nature of the principal food of the Cladocera.
Other factors of ecological significance have been less studied.
A certain amount of work has been done on thermal resistance, particularly»-

by Brown (1929)5 and Brora and Crozier (1927). Pratt (1943) studied

population development at various temperatures, and MacArthur and B aillie



(1929) have studied longevity and development in relation to tesperature#
There are a oonsiderable number of casual observations and thewetioal
statements in the literature. However the role of tenperature in the
biology and ecology of Cladocera is by no means clearly understood. |

A rather considerable number of workers, sudi as Hamisch (1925*
1929), Hubault (1933)# Poilsen (1928), and Pacaud (1939), have studied
the relations of various Cladocera to pH*, calcium content of waters, and
related factors*  Except in regard to the so-called °‘sphagnophile* forms, S
their works show cooparatively little agreement. Other factors that have
been studied are ; the effects of low ooqygen tensions, by Fox (1948)# Fox,
Hardcastle and Dresel (1949)# Pacaud (1939) etc., the effects of magnesium
and sine, Hutdiinson (1933) # the effect of osmotic pressures, Ilaumann (1933,
1934 etc.,) Krogh (1939) etc., and the effect of li*t,S<toilta (1928-).

Various circumstances have tended to lessen the value of much of
the previous work. Unavoidable was the effect of the chaotic state of
the eystematios of maiy genera and particularly of the much-used genus -
Daphnia. It is often quite ia”ssible to be sure exactly which form a
worker has been esqperimenting with. Two unfortunate tendencies are found in
most fields of Cladoceran research; a proclivity to extend the results
obtained for one species, or even one strain, to cover the wholeof the groic;
and a tendency con the part of many authors to express results in the li%it
of preoonoeived hypot)l)leses, often resulting in the suppression or
minimization of facts idiioh do not accord with these. Further confusion has

resulted from the failure of many authors to take sufficientaccount of the

physiological variability of the species.
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Thus the amcxind of assured kncevledge which we possess is vezy zzoh
less than the quantity of published literature would indicate.

In recent years the Cladocera, particularly members of the genus
Daphnia. have been nuch used as experimental animals in the investigation of
various biological problems. Thus they have been used in studies of
population development (Pratt 1943), An the-inveatigatiar of the synthesis
mwW at# IPWrIW), 1950 etui), and in th«
investigation of the effects of various drugs and poisons (Holm-Jensen 1944,
Anderson 1945 etc.)  The Cladocera are also of some economic ligportance,
since they form a portion of the food of maqy fish.

In view of these fhcts it seemed to me that a rather thorou” study
of the ecology, and the relevant aspects of the physiology of the Cladocera
would be of considerable use. It is not possible fbr one man to cover so
wi)%a field in three years, so that a selection had to be made of subjects
for investigation. I finally decided to conibine an intensive, largely
laboratory, study of certain factors as temperature and food, with a more
general ecological survey, based mainly on numerous field collections. For
convenience, I am treating these various aspects of ay work separately.
Methods.

Little need be said about methods in this introduction, as few
procedures were common to all ai“ects of the work.

%Yhenever living animals were to be examined this was done by
enclosing them in a oonpressorium under just sufficient pressure to restrict
movement without damaging the individual. For routine purposes an ordinary
microscope was used, but udiensver I required to see fine details I used a

Cooke-Troughton monocular-binocular research microscope.
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In all experimental work oare was taken to ensure that the animals
used were a fair sample of the population investigated. @ When an individual
had been used for any experimental purpose whatsoever, it was inmediately
discarded axa neither it nor its descendants were used again in any
experiment.

Systematics and nomenclature.

The correct identification and naming of " cies is essential in
any eoologioal work. In the Cladocera, as in many other invertebrate groups
this is rendered more difficult by the confusion in whi® the qystematics of
the genus is involved. For identifications of species I have consulted most
of the standard systematical works and especially Scourfield and Harding* s
key (1941), Richard*8 'Revision des Cladocéres,* (1893, 1896), Bixge, *The
W ater-fleas* in Ward and Whipple's *Freshwater Biology* (1918), and Rylov's
account in 'Die Binnengewasser® Band XV (1935)#  Wherever necessary I have
checked my identifications against original descriptions and accounts given
in special systematical works.

Thou” I have in general fbllowbd Scourfield and Harding (1941) in
the main outlines of classification and nomenclature, I have not accepted
their system in its entirety, sinoe it is isperfect in some respects. The
same criticism can be applied to al*“*blished accounts known to me. The
system I have finally derived e3q}resses as accurately as possible the
present state of our knowledge. 1 have taken oare in all oases to ensure
that even if our ideas of classification and nomenclature should change
considerably in the future, the exact identity of ths species with whi<A I

have worked will still be clear. In order to do this I have been forced in
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sane oases to introduce considerable taxonomic and nomenolatorial changes,
and also to provide short descriptions of some of the forms with which I

have been ooncemed. In most genera I have included these systematical aw?

morphological notes along with ecologicsLl notes on the respective species in
the general part of this thesis (see below). For the genus Daphnia I had to
make such considerable changes to the acceptedclassifioations to be in
confoimity with recent published work and with ny own observations, thatlI

decided to publish these as a separate paper, now in the press. A

mamscript copy of this paper is included with this thesis.

Terminology.
One of the major difficulties confronting the writer of an

ecological paper is the lack of a standardised terminology in oexy spheres of

his woxk. Unless a new term were to be invented to cover every slightly i
different eoologioal situation this could not be avoided. In most cases I
TThere 1

prefer to adopt current terms and provide a definition of ny usage.
suctfi terms are only used in one section of this thesis I «huli define them on
the occasion in whidi I first use them. Certain terms which I use constantly

are best defined here.

The terms pond, pool and lake have been very variously used in

limnologioal literature, and several attenpts have been made to provide

precise definitions; but all these are to scans extent unsatisfactory,

none has won general acceptance. There is a tendency on the part of certain

biologists to use pool only in the sense of a small pond. Whilst this

appears to be correct American usage, it is very incorrect usage.

Hie Oxford Pocket Dictionary defines pond as a small body of still water,

especially as made for watering cattle orother purposes. Pod is defined as
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« A body of water eiqoecially of natural formation, puddle, deep place
in rivor. * This is more in accordance with normal English usage but the
distinction between natural and artificial waters is so vague and so rarely
adhered to in practise, that it is best ignored in scientific terminology.
In ny opinion the distinction between the terms pond and pool is more one of
connotation and usage than of denotation. I shall, therefore, use these two
terms interchangeably. Following the Oxford dictionary I use the term
puddle to mean a small, dirty pool. The distinction between pools and lakes
is clear enou” in regard to typical exas”les. An ideal lake is a large
body of water, deep enough to show thermal stratification in summer, with
distinct littoral and limnetic zones, with discrete inflow and a definite
outflow, and with some differentiation of the marginal vegetatiau depending
on exposure to wave action. An ideal pool is a smaller bo” of water, not
more than 1 to 3 metres deep and not showing thermal stratification to any
marked extent, lacking distinct littoral and limnetic zones, gaining water
solely by surface drainage and seepage, without a discrete outflow and with
effects of wave-aotion negligible. Kacan (1950 etc.), has introduced a
third category for the Lake District of England, the tarn. This is defined
as a smaller water-body than a lake, not lying in a principal drainage basin
periMLf Kt
but with a tenmyx>x&fy outflow. This category cannot be usefully applied in
ecological work based on results from a wide area. All the features
mentioned above have at one time or another been used by some author as the
distinction between pool and lake. Unfortunately adherence to axy such
system results in ridiculous assignments of natural waters, and so I have
abandoned any sudi attesqpt. I have likewise found that classifications of

habitats on biological grounds are inpractioable. %en I use the term lake
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in this thesis it merely means that the water-body in question has more In
oommon with an ideal lake* in the sum-total of its characters, than it has
with an ideal pool# [futatis mutandis the sans applies to zqy usage of the
term pool. V/hen used generally I intend the term lake to cover also
artificial bodies of water of lake like character, i.e.reservoirs. The
term lacustrine is used to Isply animals or features characteM stic of lakes,
and to a lesser extent large ponds.

I have used the terms lenitic and lotie in their generally
accepted sense, but have introduced the term sub-lenitic to cover a class of
habitats in some respects intermediate between lenitic and lotie habitats,
which are further discussed in the general portion of this thesis.

I have used the term locality to inchoate definite area or water-
body. The term station is used for a well-defined small portion of a
locality in which I have collected. The term habitat is used primarily to
oovSr a well-defined portion of a locality or station, distinguished by a
definite combination of features of ecolo”cal inertance, but also in a
more general sense to cover such regions of all localities.

The various terms for Arequenqy and abundance are often confused in
the literature. In this thesis widely-distributed and localised are used in
the sense of geographical range. IThe terms common, frequent, andrare, are
used as a series to indicate how ufLin frequently intime or spacea form is
found in a given area, habitat, or population. Abundant, numerous, and
scarce are used to denote the relative numbers of individuals in a definite

locality, station, or habitat atany one time.
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Part 1. Special Investigations.

One of the principal aims of this research has been to throw some
light on vhat factors determine the spatial distribution of the Cladocera as
between localities, and also their ten”oral distribution within localities.
With this aim in view I chose to make a special study of tenperature and
food. As a consequence of these investigations I was led into a more
general study of the factors influencing parthenogenetic reproduction.

These different sets of investigations will be treated separately.
Thermal resistance.

Tencerature has often been assumed to be an inportant factor in
limiting the distribution of freshwater Cladocera, both locally and on a
geographical scale. This idea is supported by the large-scale geographical
distribution of many species (a review of the distribution of Cladocera is
given by Parenzan 7933s s"nd there are many isolated records of specific
distributions in the literature.) Maiy # species are largely or entirely
arctic, arctic-antarctic, or arctic-alpine in occurence, such as Holopedium
gibberum, Macrothrix hirsuticornis, Daphnia liyalina, being conparatively
rare or absent in warmer tenperate regions and in the tropics. On the other
hand others” such as the species of Moina, Daphnia atkinsoni and Macrothrix
rosea "are characteristic of warmer countries. Such distributions at first
sight suggest that temperature is a limiting factor for many species.
Actually this idea is much too simple, as I hope to sliow below, and in
certain cases even field records indicate that factors other than the direct-?%
effects of temperature may give rise- to such a distribution. The restricted

seasonal occurences of some species, as for instance Moina species, which in
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England are only known in summer, and the well-known phenomenon of seasonal
succession of planktonic species also suggest that temperature may he of
importance in the ecology "of Cladocera. One might also expect that
temperature plays some part in thr restriction of certain “ecies to
lacustrine habitats, and of other species to small pools.

There have, however, been comparatively few attempts to
investigate this problem. Vfeis"mann (IS80) and Brown (1929) determined the
thermal resistance of a number of “ecies, and attempted to correlate it
with the known distribution and seasonal occurence of the species concerned.
Weis"nanj”s method ivas to investigate the temperature at which the species
died in gradually heated water.  Brown transferred his animals suddenly to
water at a known temperature and thus determined the temperature in which
they died in | minute. Both workers claimed that their results showed a
general correspondence with the known facts concerning the distribution and
occurence of the species concerned. Unbiassed examination of the results
shows, however, that this correspondence is by no means exact. Moreover
the agreement between the two sets of results is not perfect as Brown
himself points out. In Broom's results the low thermal resistance of
Daphnia magna and the comparatively low resistance of Scapholeberis nucronata
are somewhat unexpected in the light of the known distributions of these
species.  Both sets of work are imperfect methodologically, since it is
not possible to obtain from the results a clear idea of the upper limits of
temperature at which the species concerned can survive in nature. Brown* s
results also suffer from being obtained mainly with animals kept in the

laboratory for considerable periods. He claims that this is justified as
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the Cladocera do not show acclimatization. This statement is probably
correct (see below) but he offers no evidence for it. Brown (1929b) also
studied the effect of temperature increase on rate of development of several
species. He found that in the distinctly warm-water species Moina macrocopa
and Pseudosida bidentata the increase in growth rate between 20° and 30° c.
was much more marked than in the other more cold-water species. These two

‘ ‘ ‘ cicnLirCo Cf flarGtlS'C

species also differed from the rest in that thr prowbT-cju*c shoryed r.o

to eut at higher temperatures. He also investigated H
inactivation by low temperatures and again found that this occured readily
with Moina macrocopa and Pseudosida bidentata, and less readily or not at all |
with less pronounced thermophiles. @ Brown and Crozier (192?) investigated the®
thermal resistance of a strain of Daphnia *pulex* and of a strain of Moina J
macrocopa more thoroughly, determining the length of time that animals
survived throughout the whole range of lethal temperatures. The results are >
very useful, but unfortunately, owing to the lengthiness of the experiments I
they could not be repeated on many species or races. McArthur and B aillie
(1929) measured the effect of temperature on longevity in Daphnia- magna and

OL<hcKcliaxide
its connection with rate of heart beat, -997? production, and susceptibility to

poisons etc. Their results suggest that each individual expends a constant '

total amount of energy in its life, and that the shorter life at higher

temperatures is a result of the higher rate of energy expenditure. Their
Cekeytl§e.d (L “otlra. cyyo.

culture methods are not above reproac” so that the "Jork would bear repeating,

but in general it appears to be sound. Pratt (1943) investigated the effect

of temperature on population development in D.magna. and I shall have

occasion to refer to his work below. Comparatively few. other authors deal]i

with temperature, but there are a number of scattered observations, of Vthic
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the most important are those of Santa* s School on the occurence of thernml
races and mutations in Daphnia palex, referred to below.

Are-investigation of the relation between thermal resistance and
occurence of Cladocera seemed to nme to be highly desirable, and has in fact./
yielded interesting results. I concerned myself mainly with the effects of
hi” temperatures, since our facilities for producing constant low
temperatures are not very good in this laboratoi®”, but I have been able to "
make a certain number of observations on the effects of low temperatures.

I decided against the use of short period exposures to high
temperatures, as the results obtained by such methods are not easily
correlated with the probable effects of hi” temperatures in the field.

They may be of interest physiologically, but they are not very interesting
from the ecological viewpoint. On the other hand such experiments as those
of Brown & Crozier take far too long to be used for comparative purposes.

The period of exposure finally adopted was one of 24 hrs. In most naturalTyl
habitats high temperatures do not endure consistently for much greater

periods than this, so that the period of exposure bears as close a relation

as possible to natural conditions. Results obtained by this method could be
directly compared with those of Tnitney (1939) working on English
Ephemeroptera and of Walslic(1948) working on English Chirononidae.

Sources of animals.

As far as possible experiments were performed on animals collected
from various field localities on the previous day. My experiments slio"Tcd

that there are considerable differences betiveen strains of the same species,

30 that results for races from each locality were kept separately. Some
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P
information on the general character of these localities is given in “art

2* of this thesis. The source localities were chosen mainly on the grounds
of convenience. In a few cases it was not possible to use animals
collected in the field and these experiments were performed on animals kept
in cultures in the laboratory.

A vei™' considerable literature has accumulated on methods of
culturing Cladocera and particularly Daphniidae. Rather extensive
discussions or accounts of several methods are given by VieyEhoever (1933)>
by Pacaud (1939) and in Needham, Galtsoff, Lutz and Welch (1937).  Various
authors have tried to derive an artificial medium of known constitution,
which, in addition to a food-supply would only contain distilled water and
various chemicals in known amounts.  None of these methods is perfectly

satisfactory, and in aiy case the refinement is not necessary for routine

cultures. Other authors advocate that Cladocera should only be cultured in

their own pond water. This again is inconvenient and not necessary for

Daphniidae.  For culture water I have consistently used W;ter from Regent*s "
j.ss -%

Park Lake, vAiich had been twice filtered and kept in brown/vessels for not
more than ten days.

In respect of food supply the published culture methods fall
mainly into three classes. Some”such as those of Santa (1921) (1937),
Shipman (1934) > Snider (1937) > and Heath (1937)" depend on the provision of *
a bacterial infusion, usually of unknovai conposition, by various methods.
In other methods some Alga is provided as food, such as Chlorella, (Fox,
Heirdcastle, and Dresel 1949) Pratt (1943)5 nannoplankton (W oltereck),

or Chlanydomonas (Pacaud.) A third type of method used by Bond (1934), uses



16 —

the colourless fungus, yeast. Bacterial culture methods are preferred by
most American workers, and Vierhoever (1935) reached the conclusion that
these were the best available.  However they have never been popular in
Europe, most European workers preferring algal methods. Despite
Vierhoever*s statements, the published literature indicates that bacterial

(if,ayera™ AV4K be™of jrbroadC)
methods are not very satisfactory, at least if egg-number”is taken as the
criterion of gpod conditions. Low egg numbers are characteristic of the
results of almost all v.'orkers who have used bacterial cultures.

I have tried methods of all three types, and have decided that
algae are the most satisfactory food. Manure methods, such as those of
Banta (1921, 1937) and Hasler (1937) have nothing to recommend them.

Unless great care is taken they are apt to prove toxic, and it is inpossible
to obtain thick cultures with high egg number. A soil-soya meal method
was more successful. Several procedures were tried and I shall only give
the most satisfactory. 5 gms. of soya-floor were mixed thoroughly with

45 gms. of fine soil, 500 ml of water were added and the mixture stirred.
The whole was covered and aillowed to stand for five days. Theresulting
infusion was strained through fine bolting silk and the filtrate kept in a
covered beaker. The filtrate remains *good* for from 10 to 14 days. 1 ml.
of tliis filtrate was added for each 100 ml. of lake-water and the culture
animals were placed in the resulting solution. The cultures were changed
weekly. It was found that if two or three drops of the undiluted filtrate
were added after three days the egg number was considerably increased.
Greater strengths of soya filtrate were tried, but\these proved unmanageable

owing to heavy bacterial growth. The method is reasonably good and much
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less time-consuming than algal methods, and I have used it for maintaining
large stock cultures.  Hovrever, animals were always transferred to algal
cultures some time before an experiment was commenced.  This precaution was
taken because it was clear that the health of animals in soil-soya cultures
was not as good as in algal cultures. It was inpossible with the soil-soya *
cultures to maintain high population densities and the size of individuals
remained small and egg-number low (Table 1).

Yeast proved more satisfactory. A suspension of yeast was made
up and sufficient of this added to the culture vessel to give the water an
opalescent cloudy appearance. More yeast was added, as necessai™-j to replace
that consumed by the Crustacea. Such additions \7ere usually required every !
two to three days. It has been claimed that fairly constant aeration is
necessary when yeast is used as a source of food. In ny experience this is
not so, if care is taken to avoid excessive concentrations of yeast. If
the water is stirred for about 10 seconds and air squirted through it with a
pipette once every twenty-four hours, this is quite sufficient to maintain
the cultures in good health. As with all other methods I found it advisable
to change the culture medium once a week. High population densities can be
supported with this culture method, and egg-numbers are quite as hi® as in
algal cultures. The method has however several disadvantages as conpared
with algal feeding. It is not very easy to gauge the exact amount of yeast
required. If a little too much is added the culture rapidly becomes foul
owing to the proliferation of bacteria. Under these conditions the culture
animals rapidly die, and the development of such a state is so rapid that it

is difficult to adopt preventive measures in time. Partly because of this,

and partly for technical reasons, it is difficult to adapt the yeast method
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for standardized feeding#  For these reasons I have abandoned this culture
method.

The most satisfactory single food proved to be Chlorella, a
unicellular coccoid green alga, which has been much used, both in this
laboratory and elsewhere. [t is quite as good a source of food as yeast,
and lacks the more striking disadvantages of the latter. Cultures fed with
Chlorella need stirring once a day to keep the Chlorella in suspension, and
are best changed once a week; but otherwise they need very little
attention. Chlorella can be grown easily in pure culture, and the quantity |
of food given can be standardized if necessary. The pure cultures of
Chlorella were descended from strains supplied by Professor Pringsheim and
by Dr. Fogg. They were maintained on agar slopes containing glucose and
salts in the proportions recomended by Pearsall and Loose (1937) and 1.4/b
agar. Slopemaking and sub-culturing were performed by standard techniques.
Originally the initial illumination of new slopes was by means of an
ordinaiy electric laup enclosed in a bath of v/ater containing a cooling coil*g
This method is cumbersome, and I replaced it by illumination by means of a
fluorescent strip lanp. No protective screening or cooling devices are
needed with such lamps as they produce negligible quantities of infra-red and
ultra-violet rays. A single 2" foot strip gave sufficient light, and the
colour used was *v.arm-Ydiite *.  IVhen cultures were fed, a suspension was
made by washing the Chlorella off the slopes with a little water from the
culture medium.  For stock cultures I did not consider it necessary to add
exact quantities of this suspension, and merely added sufficient to

maintain a slight surplus.  Normally the cultures were fed twice a week.
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Provided over-crowding 1is avoided,animals kept in these conditions are
very healthy, and show egg-numbers comparable with those found under good
conditions in nature, and considerably higher than are often found in
natural populations. Table 1 shows the hi” egg-numbers and normal sizes *
attained by several individuals of Dax-hnia magna from a \ell-thinned culture."
It is possible that other algae, and particularly some of the
nannoplanktonic flagellates might have been even better food; but I found
the difficulty of culturing these forms too great for me to use them as a
regular food supply. Even maintaining pure cultures of Chlorella involves
a considerable expenditure of labour and materials, and so I supplemented ny
*Chlorella* feeding by feeding with a mixtureof yeast and Chlorella.
Cultures fed in this manner were quite as healthy, and almost as easy to =
maintain as those fed solely on Chlorella. = How much more satisfactory this
method is than bacterial feeding can be seen by conparing the figures for
size and egg-numbers given in table 1 for soya-soil and yeast-algae cultures.
In each the animals measured vere taken at random from cultures Ydiich had
been allowed to reach a steady population density. The much hi“er egg-
numbers in the 3»east-alga culture are very striking. The mean size of
animals from the two populations scarcely differs but it will be seen that
there is a significant difference in variability. This is mainly accounted;y
for by the occurence of a small number of very large individuals in the yeast |
-alga culture, vdiich are not sufficiently numerous to affect the mean. Since
the size of Daphnia is partly a function of age, tliis result suggests that W
some individuals live longer in the yeast-alga cultures than any do in the

soya-soil cultures. I shall deal further with this question of egg-number
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and longevity in connection with ny experiments on reproduction (see below.)
Methods.

My main investigation of thermal resistance has consisted of
exposing known numbers of individuals to known, constant, high tenperatures
for a period of twenty four hours, as stated above. The apparatus used
for maintaining such tenperatures was a large metal water-bath, heated Jif
an electric heater, and fitted with a cooling coil, a stirring motor, and a
toluene-mercury thermostat with a Sunvic control unit. Tenperatures above
23° C could be kept constant to within C, with this apparatus, and such
teuperatures covered the whole range in which I wished to work. ' The
experimental vessels were placed on trays inside the water-bath, some time
before an experiment started, in order to reach equilibrium. A

ynrrlmglaco jEMpoa beakers/were used as experimental vessels in
order to avoid complication due to oxygen shortage. liThen 30 animals were
used in an experiment, 250 ml. beakers were used, containing 200 ml. of
filtered lake-water. V/hen 25 animals were used, the beakers were 150 ml.
and contained 100 ml. of water, thus always allowing 4ml. of water to each

A foges547,9
experimental animal.  Whilst this volume of vjater is ty no means optima”
it is still considerably greater than is often present in nature or than is
commonly allowed by experimenters. Considerations of space prevented ny *
using optimal volumes.
iype. prior to each experiment the number of animals required, "
and half as many extra animals, were placed in a beaker containing strained 1
but unfiltered lake-water, 6 ml. being allowed for each animal.  Tliis
«

volume was largely determined by the size of available beakers. If more

than one animal died during this period, the experiment was cancelled.
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Immediately prior to the experiment 30 or 23 animals were counted out into a
v/atch glass and surplus water removed. They were then treated with egg-
albumen (see below), and quickly washed into the experimental vessel with a:
little of the experimental water. The time was then noted. A fter 24 hrs.
the beaker was removed from the water-bath, and quickly cooled to room-
tenperature by meains of a slow stream of cold water. The numbers of living
and dead animals were then noted. The suiplus animals were retained at
room-tenperature throughout the period of the experiment, and if any of these
died the experiment was cancelled.

The sudden tenperature changes involved in this method might be
criticized, in view of the statements of several authors, including Lefévre
(1942), that sudden changes of tenperature are in themselves rapidly fatal
to Cladocera. I have never observed such an effect within the tenperature
range at which I worked.

At first great difficulty was caused by the tendency of
individuals to become caught in the surface film. Individuals so cau”t
ultimately die, so that it was inpossible to obtain reliable results.
Attempts were made to prevent this by disturbing the surface with an air
current produced by an electric fan, but the apparatus was cumbersome and
the method inefficient. Dr. Pantin suggested that I should coat the
animals with a film of some wettable substance such as egg-albumen, and this
was found to be satisfactory. The animals were completely submerged by
means of a paint-brush in a freshHy-prepared .0001”" solution of egg-albumen, g
and left in it for about 30 seconds, the surplus egg-albumen being removed l

by means of a fine pipette. The treatment is of course on»* effective for *
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the duration of one moult. As far as 1 could determine it had no ill
effects \“tiatsoever on the animals. Originally, animals were treated 24 hrs.
before the experiment, in order to allow them time to recover from treatment
shock. This was found to be impracticable with some races owing to high
moulting frequencies. In all later experiments the egg-albumen treatment
was given immediately before the experiment commenced.  This sli”™t
variation in procedure did not appear to affect the experimental results in
any -way.

Except that obviously unhealthy or moribund animals were avoided,
no conscious selection of individuals was made for any experiment, and the
animals used can be presumed to have been a fair random sanple of the
population.

Usually there was no difficulty in determining which individuals
were dead and which were alive at the end of an experiment. Occasionally
hoY/ever it is not readily obvious whether an animal is dead or just alive.

In such circumstances Brown (1927 a) suggested that animals be counted as
dead when the heart has ceased to beat. He justified this by stating that,
in his experience, animals never revived once their heart had stopped beating,
though they might sliow unco-ordinated twitchings of gut and antennae for some
time.  Unfortunately this is not an invariable rule. I have on several
occasions noted that animals in which the heart had ceased beating,
subsequently revive. In all these cases the animals were still capable of
co-ordinated movements when examined. Thus, for my purposes, I have only * '
called animals dead when the heart had ceased to beat, and co-ordinated
movement was no longer possible.

I originally intended to perform all experiments on groups of 50
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parthenogenetic females but it was not alv/ays possible to obtain a

sufficient number, so that several experiments were performed on 25

individuals. I had also intended to perform 2 experiments at each of five <
tenperatures, separated by intervals of one degree, on each race. This HI
proved to be inpossible for a number of reasons. Populations from which I

obtained experimental animals often behaved in an erratic manner, and
almost disappeared before a full series of ten experiments could be
conpleted. For a few races the lethal zone was so narrow as to fall well
within the range of five degrees, so that it was more informative to increase
the number of observations at and near the 50/6 mortality point, than to
perform experiments at tenperatures well-removed from this. The opposite
difficulty was experienced with some other races where a range of five
degrees was not sufficient to cover the whole of the lethal zone. Finally
I decided to perform as many experiments as possible, on each race, at
whichever temperatures appeared to be the most informative, with the time-
saving reservation, that not more than four experiments were to be performed
at any one tenperature.

I have performed series of experiments of varying degrees of
completeness on a considerable number of species, including: Dap'nnia magna
(4 races), Daplinia atkinsoni (2 races), Daphnia pulex (3 races), Daphnia
curvirostris (2 races), Daphnia obtusa (3 races), Daphnia hyalina lacustris
(2 races), Ceriodaphnia pulchella (1 race), Ceriodaplinia dubia (I race),
Moina macrocopa (1 race), Moina rectirostris (1 race), and lilacrothrix
hirsuticornis f. arctica (I race). An effort was made to obtain species
differing as widely as possible in their ecological requirements; but

limits were set by the nature of the experiments and by the difficulties of



- 24 -

obtaining sufficient animals.

If the results obtained from such series of conparative
experiments are to be of value it is necessary that they are not
influenced by differences in the behavious of the experimental animals. w
Otherwise one cannot be certain that an observed difference in lethal death
point is real, since the conditions of the experiment are no longer identical.
To avoid this difficulty I decided to restrict ny investigations to those
speciesy whose individuals spend most of their time swimming freely, rather
than crawling on the bottom, or attached to water plants. This
restriction ruled out most species of Cladocera, including such forms as
Sida, Simocephalus, and Eurycercus. The inclusion of a species of
|1Eacrothrix, was perhaps stretching slightly the free-swimming criterion, but
observation had convinced me that it spends much of its time swimming an
inch or two above the bottom, especial]y at hi” tenperatures, so that it
was fairly uniformly distributed in the experimental vessels. The species
of BosiS!S£ and Chydorus sTj”ericus, otherwise suitable, were not investigate”
because of the difficulties of applj'lng the experimental technique to such
minute forms.

The scope of ny investigations was still further limited by the
numbers of species available to me in London during Autumn, Winter, Spring,
and early Summer in sufficient numbers for experiments. Such species as
Diaphanesoma brachyurum and Holopedium yibberum, though common enought in
the north, could not be obtained near London. I was also unable to obtain
sufficient numbers of Daplinia cucullata, or the very markedly warm-water

species liacrothrix'tenuicornis, either in the field, or by means of cultures.
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Nevertheless the species that I have investigated do represent
most of the main distributional types of British Cladocera, which m i*t
conceivably be connected with tenperature.

Results,

The results obtained are given in full in table 2, and the lethal
tenperatures for 50/6 mortality, which I shall in future call L.T.50 s. are
given in table 3* In most cases the mortality” tenperature curves are of
normal sigmoid form so that these L.T. 50s were readily obtained by means of
a probit transformation. This method, described in full by Bliss (1938),
and in a condensed form by Fisher and Yates (1948) depends on the
transformation of the sigmoid tenperature-mortality curve into a linear
regression. The L.T. 50 can then be found from this either by calculation
or interpolation. Unfortunately it was not possible to deal with all my
results in this sinple manner. @ With several races, including Daphnia
carvirostris (Zoo), D. magna (Zoo), Ceriodaphnia dubja. (Regent*s Park,) and
Moina macrocoipa (Aldwarke), it THS clear that, even when full allowance was
made for variability, the results could not justifiably be fitted to a
sigmoid curve. In all these cases the best fitting curve was one that
could be best described as a bimodal sigmoid curve, as shown in figure 1.

In the case of Daplinia carvirostris and Daplinisjriiagrn from the Zoo, a possible
explanation was that increasingly severe conditions in the source habitat
had brought about a differential selection of individuals with respect to
thermal resistance, since the experiments at higher tenperatures were

carried out at later dates. In all the later experiments this possibility
was avoided by randomising the dates at which the experiments were conducted.

Nevertheless the same effects were shown by some races. In fact the effect
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is even more striking in the case of Moina macrocopa. It seems to be a
reeul phenomenon and not due to any defects in the experimental method. I
have been told that some strains of Daphnia obtusa show similar bimodal
response to toxic substances, but I can find no records of similar
phenomena in the literature. The obvious explanation is that the strains
in question are examples of physiological polymorphism.  7/hilst this
cannot be ruled out, it is probably-not the true explanation, since the
results remain remarl<ably constant over considerable periods of time
despite changing environmentalJ. conditions. It is not easy however, to
think of a realty credible alternative explanation. Possibly it 1s due to
differential effects of increasing tenperatures on several factors some of
which tend to cause death wiiilst the others, which become of inportance at
intermediate temperatures favour survival. = Whatever the true explanation
of this deviation of the curve from the ordinary sigmoid form, it makes it
impossible to assess the 5Q” lethal point by means of the probit
transformation. In these cases then I have determined the L.T.50s. by
direct interpolation. These figures, indicated in the table by asterisks,
are thus somewiiat less exact than those obtained for the other species, but

are sufficiently accurate for comparative purposes.

Before proceeding to discuss the results comparatively, certain
general aspects can be pointed out.  With the exception of the Berrylands
race of Daphnia atkinsoni all the races liave a comparatively hi” degree of
resistance to high temperatures. This is clear #ien nmfr results are
compared with those ivhich Whitney (1939) obtained for ephemeropterans.

Almost all my races have tliermal resistances, comparable with those of the
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most heat-resistant species of ephemeroptera. This is in good agreement
with their limitation to ponds and lakes, since both WTiitney and Walsh€(1948)"
concluded that stream “ecies in general were less resistant to hi”
temperatures than pond species. Some other invertebrates are even more H
sensitive to high temperatures than those investigated by Tnitne”. for
instance the spring inhabiting forms séaclhvaa]sAApatidea muliebris®and Planaria
alpina, and the marine invertebrates investigated Fox etal (1937 to 1939)«”
On the other hand the littoral gastropoda show high resistance to heat

(Evans 1948), apparently comparable with that of Cladocera species. The
general pattern of my results is thus in agreement with the general
conclusion that groups of animals inhabiting more extreme conditions are
usually more resistant to high temperatures. It is noteworthy also, that

as with the littoral Gastropoda, most of the forms that I have investigated "
can withstand temperatures far hi“er than any they are ever likely to meet
with in normal conditions. The highest temperature that I have ever
actually recorded in the field was 28°C, though it is probable that some

very small waters may reach 30°C for short periods in the middle of the day.
It is certain that even temperatures as high as 30°C are rarely maintained
throughout a period of 24 hours, and 27 to 28”0 can be taken as the normal
average temperature for small ponds in very warm weather. It is clear that
that the Berrylands race of Daplinia atkinsoni which inhabits a small
temporary pond, could not survive in such a pond in hot summer weather, and
it is just possible that temperatures might rise high enough in some ponds
to be letlial to Macrothrix hirsutricornis f. arctica; but on the whole it

is clear that the direct lethal effects of high temperatures can not be of
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a%- great importance in determining the distribution of Cladocera.

Though these direct lethal effects are not of great importance, it
might still be that the L.T. 30s are correlated vdith the geographical and
ecological distribution of the species and varieties. Examination of table
3 sho\7S that such correlation is not very well-marked in the species that I
have investigated. Of these "“ecies, the two species of Moina are
distinctlyy”~in distribution, are absent from the north of the British Isles, g
generally rare in Northern Europe, and only occur in summer in small shallow”
pools and other warm bodies of water. In England Moina rectirostris has

been found in temporary ponds, and it is common in such habitats in more

southerly countries; but it is very rarely found in non-permanent ponds : Jj
in Denmark, and Berg (1929) suggests that this might be due to its need for *
high tenperatures. Daphnia atkinsoni is another definitely southern species..
It is quite common in the Mediterranean region and S,Vf. Asia, but is verv  |[§

rare and sporadic in the British Isles and N. Central Europe, and extremAely b
rare in more northerly regions, though it has been found in Sweden, Iceland,
and Denmark. Like the Moina species it is only found in smalldiallow pools
of the type that become very \?arm in summer, and less commonly in small
temporary pools. Daplinia magna and Ceriodapluiia dubia are less distinctly
southern, v/arm-water species. The former is found according to Scourfield
and Harding (1941) in small ponds and small shallow ba™s of larger vfaters,
though in my experience it may sometimes occur generally distributed in
larger bodies of Avaters (see below). It may be found throughout the year
but is distinctly less common in winter than in summer, it is found

tliroughout tenperate Europe but becomes rarer in the North. [t must be J

noted that Brown (1929a) claims that it is a cold-water species, but this
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statement is in direct conflict with the opinions of all other vOTkers.
Ceriodaphnia duhia is an extremely widely distributed species found from
Patagonia limicola;to Sweden (Lilljeborg 1900, as C.affinis)
but, judging from published records, it is rather more common in the tropics
and in ivarm temperate regions, than it is in cool-temperate regions. In
England it 1s a southern and eastern species. It is a summer species, though
less markedly so t lan the species of Moina, and, thou” it may occur in late
spring and in autumn, it is never found in winter. On the other hand it is
definitely a lacustrine form, never occuring in very small ponds, and being
characteristic of small lakes and large ponds. Regent’s Park Lake, the
source of qy race, is a somewhat t]p>ical habitat in size. Such waterbodies
whilst reaching higher temperatures than large lakes, never reach the very
hic” tenperatures sometimes shown by small ponds. Of the other species I
Macrothrix hirsuticornis f. arctica is distinctly a cold-water form. The
species as a whole is veiy widely distributed, being found from the arctic to
the antarctic. In the arctic and sub-antarctic it is Td.despread, common,
and often very abundant; it is rare and local in cool-tenperate regions;
very rare and local, and largely confined to upland areas in warmer countries.
In the arctic all strains are of the form f. arctica, but this form is
extremely rare elsewhere. Apart from iny Hampsliire locality it is known from
the Italian mountains (Parenzan, 1932) and from Denmark (Berg 1933)e It is
difficult to define the habitat range of the species as a whole, but my
locality for the form arctica, as that of Professor Berg, is a small, shallow,
pool v/hich persists into early summer but dries up in the warmest weather.
Ceriodaphnia pulchella is widely distributed in temperate regions, becoming

rare towards the arctic, and towards the tropics. It is principally a lake
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species but may occur in small pools, and my specimens were from such a
habitat. Daplinia h./alina is also a northern “ecies but less markedly so.
It is not found in the arctic or in sub-arctic regions, but it is common in "
north Europe, and the Alps. It is rare in the lowland areas of west and "
central Europe. It must be noted that its distribution can be explained on
grounds other than reactions to tenperature. It occurs throughout the year
but more commonly in summer. It is very definitely a lake species, and is
rare in small ponds. Regent’s Park Lake is a rather small habitat, whilst
the Children’s Boating Lake is a very small habitat for this species. The j
other three species of Daohnia are all widely distributed forms of tenperate
regions. Only Daphnia pulex occurs in the arctic, and all three are rare or
absent in the tropics. All occur throughtout the year, though tending to

less common in winter than in summer. Of the races that I have investigated
only the Benorlands race of D. obtusa remains abundant tlirou”out the winter.
po obtusa and D. curvirostris are found normally in very small shallow pools,
and all my strains were from such habitats. D. oulex is a species of some- »
what larger pools, though, rarely, as in Bedford College Botany Garden, it

may occur for a time in pools of the sort normally associated with the I

other two species.

One of the races investigated deserves special mention, the race
of D. mapna from the Wellcome Institute. This strain was descended from
individuals obtained from the zoological gardens and had been kept for
several months at a tenperature \“ch never deviated far from 27-30°C. I
included this strain in my series to test whether or no there was any

appreciable acclimatization or adaptation to high temperatures. Tliis race
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has an L.T.30 quite conparable v/ith other races of the species. There is
no evidence of any acclimatization or adaptation to high tenperatures.
Brown (1929 a) had previously stated that Cladocera do not show
acclimatization, but he gave no evidence in support of his contention.

From the data given of the distribution of the species, and
occurence of the races investigated, it is possible to predict the sort of
thermal resistance cach should have, if thermal resistance were correlated
with distribution. I have included such expected lethal points, expressed
in the convenient general terms, high, medium, and low, in table 3*  Since
such estimates are subjective, it is impossible to avoid bias in making
such assessments. In practise I have assigned all doubtful cases to the
class which accords best with the experimental results. Nevertheless, it is
very clear that there is very little correlation between observation and
expectation. The highest L.T. 30 belongs to the southern, warm-water
species Moina rectirostris, and Moina macrocopa also shows a hi” value;
but the lov/est L.T. 30 of all belongs to the Berrylands race of the southern,
small-pool, species Daplinia atkinsoni. The lacustrine Daphnia hyalina
shows lower L.T.30 s than most of the other species, but they are not
markedly lovrer and fall within the range covered by the races of Daplinia
pulex which are races from small waters. If the results are considered by
habitats the correlation is not greatly inproved. The somewliat striking
difference in L.T. 30s of Daphnia liyalina and Ceriodaplinia dubia from
Regent's Park Lake, may be noted, in this connectionsg‘5€€ inxiks 2»3)

}Sy general conclusion is that® except in the case of the two species

of Moina and perhaps, also Macrothrix hirsaticornis f. arctica, the forms
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that I have investigated show no correlation between their distribution and
their resistance to high temperatures. This conclusion is directly opposed’
to those of 'i7eisAmanJTA\;ndj?\JI;rown, but as I have indicated above the discrepancy
is rather between our conclusions than between our results. I at least do
not find the results of WeisAmrA)aincA(forcwn provide convincing evidence for
postulating a correlation between thermal resistance and distribution. This
lack of correlation is a further point of agreement between my results and
those obtained by Evans (1946) for littoral Mollusca.

It is noteworthy that in several species the different races have
L.T.30s differing as much as do those of species. The most striking
instance is provided by the two races of Daphnia atkinsoni; but similar,
though less marked differences occur between the strains of D. pulex and
D. hyalina. The Berrylands race of D. atkinsoni is quite anomalous in its

reaction to hi” tenperature, and it &iows several other peculiarities.

Farthenogenetic reproduction is very poor in cultures kept in the laboratory

at temperatures above 2070, whatever the conditions of food supply or A
bi
crowding) but vigorous”sexual reproduction occurs. At these temperatures A

it is quite impossible to maintain pure parthenogenetic cultures in the
laboratory, but these can be maintained at lower tenperatures. In natural
conditions the race flourishes during the winter, if the food supply is
satisfactory, but when the T/ater becomes warm in early summer parthenogenetic |
reproduction gives place *to?zsexual reproduction, and unless the season is

very cool, the race ultimately dies out before the pond finallj/ dries up.

The race is thus v/ell-adapted to its habitat, a small temporary pool drying

up in early summer. There is some evidence that the strain of D.atkinsoni

foiuid at Berrylands, is representative of a low-tenperature race, widespread
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in western Europe. Professor Berg told nme that in most localities in
Denmark, D. atkinsoni dies out, as soon as the water-tenperature of the
pools which it inhabits rises much above 20°C; he also told me that in
France, fpofé);éor Pacaud has never found the species when the water

tenperature has been high.  Though these observations cannot be conclusive

they strongly suggest that this low-tenperature race is coEimoner in Nestem

Europe than the form with 'normal* thermal resistance. That it 1s not the
only form which occurs is shov/n by my Hanpshire race,; and whilst I was in
Denmark summer, Professor Berg showed me specimens of Dai“mia atlcinsoni

from a pool in Jutland, where the .-pecies appears to occur throughout the
summer. I have not been able to detect any' morphological differences
between these two thermal races, and if there are any they must be very °
slight. The high variability of the species may well obscure differences l
which do exist. Special thermal races do not appear to be uncommon in the
Cladocera;  the Banta school having recorded several (Brown 1929a, Banta

and Nood 1928, Banta 1949). One of these, a low tenperature race of

et

D. pulex, shows a very similar behaviour in respect to tenperature to qy
Berrylands race of D. atkinsoni. The occurence of such a low tenperature
race in D. atkinsoni is of great interest in view of the distribution of the”
species. It has often been suggested that the occurence of this species in
north” countries was accidental, and that it faiierfto establish itself
generally because of the lack of sufficient habitats which reached high
enough tenperatures for it to tlirive. The occurence of this special low-
tenperature race is good evidence that the species is permanently”

established in nortliern latitudes, in agreement with the views of Berg (1931).
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Clearly, too, whatever is responsible for its rarity in these areas, it is
not tenperature. Indeed the low-tenperature race is less adapted to hi”
tenperatures than the northern species D. hyalina, and cannot live at high
tenperatures which occur rather commonly in small ponds in Britain and
Denmark. In anticipation of results to be mentioned below, I can point out
that low winter tenperatures are not in themselves greatly unfavourable to
the species, or at least to the low-tenperature race. This race occurs
throughout the vdnter at Berrylands, In the laboratory individuals live
indefinitely/- at tenperatures betvTeen 0°C and 2°C though growth is slow, and
reproduction does not seem to occur at tenperat-ures much below 6°C. It
remains a puzzle, for which no satisfactory reason can be given, that this 3
species should nevertheless be almost conpletely confined to those habitats
vdiich reach the highest tenperatures in summer.

Banta and his school have noted several thermal races of Dap-mia,
which have appeared in their cultures, or liave been investigated from the
view-point of sexual reproduction. One mutation of D. longispina gave rise
to a strain adapted to high tenperatures. Another race, of D.pulex, was a
low tenperature race sliowing many points of similarity,to my race of
D. atkinsoni (Banta 1949> Broivn 1927 etc.). Thus it had a conparatively
low thermal death-point, showed predominantly epliippial reproduction at
ordinary room temperatures, and parthenogenetic reproduction at lower
tenperatures. The vrell-knovm thel*j*tokous races of arctic Cladocera are

A
presumé\y also primarily adapted to the peculiar tenperature conditions of
the arctic, which necessitate a somewhat unusual pattern of reproductive

activity. ISy results for Moina macrocopa, when conpe.red with the
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observations of Brown and Crozier (1927) for the same species, indicate that
there are thermal races in this species also. Brown and Crozier* s race
lived and reproduced normally at 397C, a temperature higher than was
necessary for 100”nortality in 24 hrs. with my race. Thus races which
show direct or indirect tenperature adaptations are by no means uncommon in
this group. This comparative frequency of thermal races enphasises the
contention that direct effects of temperature are not of paramount importance
in determining the distribution of Daphniidae. It is of interest that it is
associated with feeble or none existent powers of acclimatization.

It was possible that resistance to low tenperatures would prove to
be correlated T.lth distribution, even though resistance to high tenperatures
shc”d such poor correlation. As mentioned above Brown (1929 a) investigated
this problem, and showed that, v/hilst certain warm-water species such as
Moina macrocopa are rapidly inactivated by tenperatures well above freezing-
point, cold-water species such as Dapmiia pulex could remain active
indefinitely at 0°C. It is a well-known fact that many' species of
Cladocera including Daplinia nulex, Daplinia~obtusa, Daphnia longispina,
Daplinia hyalina, Simoceplialus vetulus, Sidacrystallina, Bosmina longirostris,
Macrothrix laticornis, Alonaquadrangularis, Alona affinis, Cliyderas sphaericus
and many others can survive for considerable period s in ice-covered waters.
I have found most of these nyself in such circumstances. On the other hand
some species such as Moina spp and Ceriodaplinia dupia are rarely or never
found in winter, and it would be of interest to know how well these can
stand low temperatures.

Unfortunately it is very difficult to investigate the effects of
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low temperatures in a laboratory which has no constant temperature rooms,

A refrigerator can be used as a substitute for these but it is not very

easy to maintain it at an even approximately constant temperature. Hoivever,
I have been able to obtain some results by using the refrigerator in cool
weather only. It is unfortunate that the method could not be used in hot
weather, owing to the large fluctuations of the internal tenperature of the
refrigerator, since this greatly limited the number of species which could

1
be investigated.

As was to be expected, in view of field records, it was found that
a considerable number of species, including all the species mentioned above vy,
as well as Macrothrix hirsuticornis, Daphnia magna, and Daphnia atkinsoni
survived indefinitely at tenperatures between 0°C and 2°C. Up, the other
hand several species were rapidly killed at this temperature, including
Moina macrocopa, Moina rectirostris, and Ceriodaolmia dubfa, Ceriodaphnia
dubia, however, survived and reproduced at 8°C, but the two Moina species

were killed by this tenperature.

I shall deal with the effects of tenperature on repix)duction at
length in my account of my experiments on this problem, but reproduction at
these very, low tenperatures is most conveniently treated here. Those
species that survive indefinitely at tenperatures near freezing-point can be
divided into two groups, those in which reproduction proceeds at the lowest
tenperatures, and those which merely survive without reproducing. The
former group is extensive, and in my experience includes Daplinia liyalina,
Daphnia pulex, Dapluiia obtusa, Simocephalus vetulus, and (liy-dorus spaericas.
All save Daplinia hyalina, are somewhat commonly found under ice, and this

species has been recorded on a considerable number of occasions as living
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under ice. Some species liiich I have investigated did not reproduce at

low tenperatures. I have failed to obtain reproduction in cultures of

D. magna kept for any length of time at tenperatures below 6°C. This agrees
with the opinion of Berg (1931) based mainly on field collections, that this
species does not reproduce at tenperatures of less than field
observations are also in general agreemént, though not absolutely so. On'"-
6.2.31) and again on 28.2.31" I obtained young and adult individuals, some
with numerous eggs, from King George Vi reservoir, Middlesex ( a most

unusual habitat for this species.) On both occasions the water tenperature
was about 4°C, and the W"ter ®oard biologists inform me that this

tenperature had remained rather constant for several weeks. This seems to r:|
be another instance of the well-known phenomenon of a species withstanding '
adverse conditions more successfully in the field than in the laboratory.
Another species which will not reproduce in the laboratory at very low
tenperatures is Daplinia atkinsoni, but this pecies certainly reproduces at
just over 0° C in the field.

The general inpression given by these results is that there is a
very good correlation between the seasonal occurence of species of Cladocera
and their resistance to very low temperatures. The most resistant forms are
those which commonly occur in winter; the least, those which only occur in
summer.  Unfavourable seasons are thus passed soleljr as resting eggs. On
the other hand there appears to be conparatively little correlation between
resistance to low tenperatures and geographical and ecological distribution,

at least in so far as those species occuring in the British Isles are

concerned. A considerable number of pecies, notabl}>Daphnia obtusa.
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D. hyalina, and Macrothrix laticom is, v;hich can withstand low tenperatures
very easily, are, nevertheless absent from the arctic. Similarly Daphnia
magna seems less well adapted to low tenperatures than D. atkinsoni, though ,*
it is commoner in northern latitudes. The lack of correlation between
resistance to low tenperatures and type of habitat is even more striking.

In particular there is no evidence that lacustrine species, such as Daphnia |
hyalina, are less resistant than pond species such as Daphnia pulex. The
greater degree of correlation betiTeen tenperature resistance and seasonal B
occurence, than that which occurs between tenperature resistance and spatial
distribution, is perhaps connected to some extent with the ready production
of resistant resting stages, found in most species of the group wiiich enables
them to survive unfavourable conditions.

Throughout the above discussion it will have been noted that the
species of Moina stand apart from the other pecies investigated in showing
very marked correlation between their distribution (southern), their seasonal
occurence (summer), their habitat (small ponds), and their temperature
resistance (easily killed by low tenperatures; very resistant to high
tenperatures ). Judging by Brown's results a similarly high degree of ]
correlation can be expected for Macrotlirix tenuicornis, also a pronouncedly
warm-water species. Thienemann (1926) suggests that one of the factors
limiting the distribution of Holopedium .sibberum is inability to stand hi”
or low temperatures, and the distribution of Ophryoxus gracilis strongly
suggests that it is similarly limited. Unfortunately I have been unable to
obtain these species in sufficient numbers to test these conclusions
experimentally. These forms are, however, exceptional, and do not undermine

the general contention that the direct effects of tenperature on survival are
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of conparatively little inportance in influencing the distribution of the
Cladocera in Europe.
Reproduction in relation to temperature and other factors.

Whilst direct lethal effects of high tenperatures did not seem to
be of great importance in the ecology of the Cladocera, it seemed to me to be”
likely that the effects of tenperature on reproduction would be of some o
inportance. This idea was strengthened by the fact that the seasonal
replacement of one species by another sometimes seemed to be correlated with'
tenperature. Instances of such replacements can be found in almost all A
extensive series of data on planktonic cladocera, particularly those of small
iTaters (see for instance Wesenberg-Lund 1904 - 1908, 1926, Berg 1931)> and
I have come across several striking examples among my own collections. In
Regent's Park Lake, the burrowing species Leydiria leydigi is found
throu”out the colder part of the year, but is replaced by Leydi;;ia
acanthocercoides in the summer. Similarly in 'The Wash', Aldwarke, S.

Y orkshire, Daplinia curvirostris is abundant in late spring, early summer,
and earlo' autumn, but during hot periods in midsummer it may be conpletely
replaced by Moina macrocopa. In both these instances the cool-T/ater species
can survive at higher, and the v/arm-water species at lower tenperatures, tlian
those at which they are normally found in these localities. It seems
probable that differential effects of temperature on reproduction -were the
cause of the replacement of one pecies by the other. I decided to
investigate the influence of tenperature on reproduction; but it soon

became clear that if the results obtained v/ere to have any value, other

factors must also be investigated.
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'

As I pointed out in the introduction, the unusual reproductive
behaviour of the Cladocera has long been the subject of intensive
investigation, but this investigation has been almost entirely concerned with
the factors controlling the occurence of sexual reproduction. Tenperature
has been studied as one of these possible factors, and a considerable body of
data has been accumulated in this connection (see for instance Berg 193i*
Banta 1939> Brovn and Banta 1932, G-rosvenor and Smith 1913)« It seems to
be generally agreed that, within wide limits tenperature is of little
inportance, but that outside these limits it may be a decisive factor in
initiating sexual reproduction. In most cases the zone of high tenperatures™”
favouring sexual reproduction seems to be a narrow one including tenperatures
just below those of the lethal zone. However for a few races this zone seems
to be quite extensive and to include tenperatures as low as 20°C (see above.)
The results of Banta and his co-workers indicate that,low tenperatures may
also bring about sexual reproduction if they act through a sufficient period,
though they are apparently not so effective as other factors. The fact that
in natural populations sexually reproducing individuals are most commonly
found in autumn when the tenperature is falling is well-known, but it appears
in many cases to be attributable to factors other than tenperature
(Nesenberg-Lund 1903-10, Berg 1931> Poulsen 1940 b. etc.) Thelyotokous races
of Cladocera have also received some attention (Banta 1923, 1939, Poulsen
1940 a, 1940 b, Olatsson 1918). In these races resting eggs are produced
regularly, but are usually or invariably produced parthenogenetically.

Males are either unknown or very rarely observed. The interest of these

races in a study of tenperature effects is distributional. The vast
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majority of arctic Cladocera appear to be thelyotokous but, to my knowledge,
only one such race is certainly established as occuring in warmer regions
(the Cold Spring Harbour race of Banta 1923). I can find no useful
information on other aspects of the physiology of these races, but the
distribution leaves little doubt that thelyotoky is an adaptation to the
peculiar temperature conditions of arctic waters.

It is clear from the literature that the effects of tenperature on
sexual reproduction could be of inportance in the ecology of the group;
though it is not clear as to how far they are important in natural
conditions.

Parthenogenetic reproduction has been much less studied in this
group, though it presents features vdiich might well have attracted attention
in ar™r other group, and was first studied by Jurine in 1820. It is well-
laiown that in all Cladocera, except the members of the Chydorinae the number
of young produced in a brood, which I shall call the egg-number, is very
variable, though except in the Eurycercinae, the number of resting or
ephippial eggs is small and definite. In the Chydorinae only 2
parthenogenetic eggs are produced at any one time. More rarely the egg-
number may be one, but usually.individuals have 2 eggs or are 'empty*. I
have not noticed any references to higher egg-numbers in the literature, but
I have seen occasional individuals of Leydigia leydigi v/ith three eggs.

This however is clearly a highly unusual phenomenon. It is obvious from
field collecting, and from observation of cultures, that variation in egg-
number is due largely to environmental conditions, though there are

admittedly limits to the number of eggs that may be produced by individuals
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of ary given race. In passing, I may note that these limits do not seem to
he adequately known for any race, ivith the possible exception of Pratt’s
(1943) strain of Daphnia magna. This theory of the environmental control
of egg-numher is now generally admitted to he unassailable, though'a few
authors as Stephanides (1949) seem to be unaware of its implications, and
still erroneously use egg-number as a racial distinction. Little however
seems to be known of the exact roles of different environmental factors in
determining egg-number. It is rather commonly assumed that one of the most
inportant of these, if not the only one of any inportance, is the abundan ce
or scarcity of suitable food. Numerous papers” shown that the level of
feeding can have a profound effect on egg-number, as those for instance of
Brovn and Banta (1935), of Lefévre (1942), of Berg (1931), of Fox (1948), of
Schultz (1928), and Fox, Hardcastle and Dresel (1949)# The evidence is not
sufficient nevertheless, to justify the assumption made, for instance by. Fox,
Hardcastle and Dresel (1949), tliat egg-number can be taken as a leliable
index of good or bad nutrition. Such usage ignores the effects of other
factors, which may be, and I hope to show are, of considerable inportance.
Most authors only refer to egg-numbers incidentally, and there are very few
accurate studies of parthenogenetic reproduction in relation to any factors.
Pratt (1943) has made a very close study of population devdopment,
and parthenogenetic reproduction in D. magna at three temperatures (12°C, 18°C,
and 23°C), and his results are of great interest. He was able to show that
at 2370 his populations showed periodical fluctuations in numbers which v/ere
not due to external factors, but were dependent on the nature of reproduction

in this species. At 18°C the populations developed in a more normal fashion
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building up to a constant level. At 12°C he vas not able to follomn

the population development right through ov/ing to the very slow rates of
reproduction. Experiments on the egg production of isolated individuals
convinced him that these phenomena were best explained on the basis of
crowding effects, presumably operating through conditioning of the medium
during the two day periods in vhich it remained unchanged.  He showed that
crowding in early life could affect the egg production throughout life.
Unfortunately he v/as not able to standardize the amount of food he gave
conpletely, but he considered that effects of food had been minimized, since
he always added sufficient food to maintain a surplus, Hy observations
indicate that this was not necessarily so, since underfed animals still may
not consume all the food available, but tliis possible source of error does
not seem to have affected his results.

Schultz (1928) made a study of the effects of light on various
activities of Daphnia.  Many of his results are clearly not valid, as for
instance his conclusion that light increases the development of red pigment,
v/hich he attributes to caretenoids, and his data are very poorly presented.
For these reasons his conclusions seem to have been generally ignored. He
states that individuals reared in darlcness show lower eggpnumbers than those
reared in light, a statement that I have been able to confirm, and Lealso
states that they attain a larger size. Variations of egg-number ivith age
have been recorded by Ingle, Wood and Bantal (1937), Banat (1939), Anderson,
Lumer, and Zupancir (1937), suid Anderson and Jenkins (1942).

The fertility of Cladocera does not, of course, depend solely on

the egg-number. It is also affected by the time taken to reach maturity.



(13 44 (13

the frequency of moulting of the adults, and the length of life. All
these are affected by environmental conditions, though as Banta (1939), and
liacArthur and Baillie (1929) have shown, they are not independently variable,
Tlie physiological age of an individual is determined by the number of
instars it has passed throu”, so that the age at whicE maturity is reached
and the mean length of life are more or less constant unless the length of
the instar varies, Banta (1939} found for his strain of D.lonqispina that
the individuals became mature at the 3th instar in all cases, but Anderson
(1932), and Anderson, Lumer and Zuppancir (1937) showed that the instar at
which maturity is reached may vary v/ithin narrow limits, Banta’s (1939)
study is one of the few conprehensive studies of fertility on ary
Cladocerans. It involved strains of Daphnia lon.qispina, individuals of
which were kept under ’ideal' conditions (1 individual to 100 ml. of food
medium) at 23° 0. The mean total number of young produced per individual
varied from 270,2 to 319*9, individuals were mature at the 4th instar and
there were from 10 to 19 instars in a life span. Banta also determined the
numbers of young produced per instar, the growth rate during instars, and
the length of instars. He noted a sudden increase in instar length at the
first adult instar and thereafter a slow progressive increase throughout
life. He attempts to correlate the instar length with the number of eggs
produced per instar and the growth-increment, but his conclusions are not
very convincing. His figures give the instar length of adults as from "6
to 63 hoars, A similar study is that of Anderson and Jenkins (1942).
Working on D. magna, they found that at 23°C individualsbecame mature at

the 3th to 7th instars. They note as Banta did, slight progressive
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increase in instar length during adult life though admitting there is much
variation; the length of and instar varying from 47*8 + 0,2 to 7"*4 + 1*I*
It is of some importance in this connection that they used a medium similar
to that of Banta. They found longevities from 944 + 32 to 990 + 43 hours.
IviacArthur and Baillie (1929 a & h) studied the effects of
temperature on various metabolic processes of Daplinia ma®™na and their
connection with longevity. They concluded that individuals die after
having consumed a fixed amount of energy as measured by number of heart-beats
etc. They noted that the actual length of life of individuals -was veiy
variable even at the same tenperature. For females the mean length of life
vras 29.24 + .44 days at 28°C, 44*73 + 45 days at 1870, and 108,41 + 3*93
days at 8°C. For males the figures were sliglitly less, especially at
higher temperatures. Instar lengths varied correspondingly”the mean for

females at 28°C being 72 hours.

Dresel (in Fox, Hardcasle and Dresel 1949) determined the length
of instars in Daphnia obtusa at 23°C. She found that the mean length was
32 hours. UnfortunateljT- no information is given as to the number of
individuals involved in making tliis estimate, or the conditions under v/hich
they were kept. The length of instar given is distinctly short when
conpared with other published results, as also with those vdiich I have

obtained.

It is difficult to maice an assessment of these results, based as
they are on different species, investigated at different tenperatures, under
different general conditions of culture and crowding; and a consideration of
them is best postponed until after I have dealt with my awn results, which

\
are not always in agreement with those of the authors mentioned.
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Ly experiments on reproduction fall into three series, vaiich can
be conveniently referred to as three experiments. The principal aim was to
investigate the relation between temperature and fertility and
reproductive rate*  Preliminary experiments suggested that other factors, as
food-supply and degree of crowding ought also to be considered, whilst
experience gained in the first experiment suggested that light might also
have important effects on fertility.

Experiment A,

This experiment was designed to investigate the effects of
tenperature and crowding on the reproductive rate of Daplinia ma’™na-o  Two
tenperatures were chosen 27°C and room-tenperature (c, 1 8 Room A)) I
had hoped to obtain a third temperature by making use of a basement room
(Room B), but the temperature of this room proved to be on the average as
high as 17*C. It was more constant than the temperature of room A,
Conditions differed slightly in the two rooms in that room B was almost
always dark, whilst room A had normal lighting. A temperature of 27°C was
maintained, as described above, by means of a constant temperature bath.
During this first experiment no special precautions were talcen to control the
amount of light reaching the animals kept in this bath, which was under the

same conditions of lifting as the rest of the room,A, (below),

XKf*ri'A (p So).

The experimental animals were kept in pyrex glass beaicers,
containing 200 ml, of filtered lake water, the water being conpletely
changed, and any young produced removed, eveiy two days. One beaher at
each teiiperature contained 12 individuals. For the purpose of this
experiment I am calling this crowded conditions, though the degree of

crowding is almost negligible conpared with conditions which are commonljr
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found in nature, or which have often been used in experiments. For
experimental purposes this relatively slight degree of crowding has several
advantages. It is not sufficient for the animals to have much effect on
the oxygen tension of the water, and so removes doubts of possible
complications due to low oxygen concentrations. An adequate food-supply
can be maintained without the necessity for very high concentrations of the
food-organism, in this case Chlore1la, which mi”®t cause accumulations of
deleterious products (see Lucas 1947)* The low egg-numbers recorded 'by
workers who ha;/e used highlyw crowded cultures (e.g. Fox 1948, Fox, Hardcastle
Dresel 1949, Pratt 1943) show that a hi” degree of crowding has very marked

effects on egg-number, but it is of interest to learn whether these effects

appeaj? at lower concentrations.

4 other beakers contained three animals each. These I shall
call uncrowded cultures. A volume of about 67 ml. per animal is
presumably optimal for this species or very nearly so. Banta (19*39) and

Macarthur and Baillie (1929) regard the optimal density as being about 1
individual to 100 ml. and the latter authors declare that even so low a
density as 1 animal to 40 ml. is distinctly less favourable. These
statements are unfortunately not very reliable for two reasons. The Banta
culture method is not fully satisfactoi®'-, and the egg-numbers given by
Macarthur and Baillie suggest that in their experiments the animals were
certainly inadequately fed. Also these authors were not only varying the
concentration of their cultures, but also the amount of food availalle per
animal.  Nevertheless their results did indicate the most likely region

for optimal concentration, but it seemed unnecessary to use so hi® a
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volume as 100 ml, per animal, especially since this would have been
inconvenient from a practical view-point*

These four uncrowded cultures at each tenperature together
corresponded to one cr(Evded culture, and the records from them were pooled,
since no obvious increase in precision would have been gained by treating
them separately.

As food-supply I used a pure culture of Chlorell a vulgaris.
Standard suspensions of this algae in culture water were made by a
modification of the technique described by Pox, Hardcastle, and Dresel (1949)
In this method the suspension of Chlorella is matched against a standard
consisting of 4*9 ml, of a saturated solution of nickel sulphate, .9 ml, of
a saturated solution of potassium chromte, and .2 gms of Keiselquhr, made
up to 20 ml. with distilled water. The method has several disadvaitages,
and I later abandoned it in favour of a more direct method of measurement,
but with care it can be used consistently. The standard must be freshly
made up as required, since in rapidly deteriorates on standing. It must be
thorou”ly shaken before each comparison since the Keiselqulir sediments
rather rapidly, and it is then impossible to obtain an exact match. The
tube used for the standard must be thoroughly cleaned immediately after use.
Otherwise the glass aquires a faint yellow stain, which upsets estimations,
and is extremely difficult to remove. The .Chlore 11a suspension was added
to the culture vessels every two days, immediately after changing the water.
The volume added per individual was always ,1 ml. Thus I could be sure
that any effects I observed Yfere not due to relative shortage of food. An

unavoidable complication is the necessity for having higher concentrations of
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ChiOrella in the crowded cultures. This will tend to make it easier for
the individuals to obtain an adequate food-supply. It will thus tend to
mitigate the effects of crowding.

During the course of the experiment a number of animals died.
The deaths were noted and the experiments continued, hut the volume of
culture medium, and the amount of food given were adjusted accordingly.

Owing to shortage of time it mwes not possible to continue the
experiments throughout the life of the individuals, and so they were
discontinued at an arbitrary time of 24 days.  The experiment was designed
to give information on the following points: total egg-production, or
rather total production of viable young, in a given time; frequency of
moulting, and hence length of instar in the adult; and the average number
of viable young produced per individual, i.e. the average egg-number.
Originally I .intended to determine the egg-numbers of each individual
directly. Preliminary trials showed that it ivas not possible to do this
accurately where the egg-number was high,without dissecting out the eggs,
which would probably ha-ve damaged the parent. Even with low egg-numbers
the disturbance invol'ved in making the count v/as not desirable. I was thus
forced to adopt the indii'ect method of counting the number of young
produced in a two day period, and the number of exu-viae. @ The ratio of these
gives the average egg-number. Since the exu-viae sometimes become
separated into several portions the number of carapace valves was counted,
since these vere the most readily recognizable fragments. Some difficulty
is created by the fact that the young are released a short, and somewhat
variable, time before the moult (see Dresel 1948, Pox, Hardcastle and Dresel,

1949). I overcame this by noting the number of ’empty' females ivith large
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ovaries, such females being easily identified by the naked eye, and adding
these to the number of exuviae recorded. At the end of the nextiwo day

period, and equal number was subtracted from the number of exuviae found.

Insert at A,

In view of Pratt’s (1943) results I thought it desirable to
commence all my experiments with neonatae or second instar individuals (it
is not easy to distinquish these with certainty, and is of little
importance since the first instar is of very short duration, and also the
young are not always born at precisely the same stage of development,)

It \7as also possible 4a%om the observations to determine roughly the
time at which the first brood of young was produced.

The results obtained are given in tables 4 to 7* Table 4 gives
the actual data in a condensed form; the other tables are derived from it
and designed to show various features of the results more clearly. The
frequency of moulting, the rate of“egg-production and the variations in
average egg-number are shown graphically in figures 2 to 5* “he figures
given for average egg-numbers were obtained directly from the observations;
but it was necessary to correct the figures for total egg-production, and
for total number of instars in a given time in order to remove the spurious
falling off in rate of increase caused by the diminished numbers of
surviving individuals in the later part of the experiment. All increments
observed in these quantities were reduced to those which ivould have been
given by twelve individuals in which they showed the same rate of increase.
The later figures are thus to a certain extent less reliable than the

earlier ones; but this is not of great inportance, since they show no
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Y&Gulaar- features A A iryjttAu™iiagiccil CrivhS .

Table 5 and figure 2 show that the effect of temperature on total
egg production is very conplex. At 18°C the total number of young
produced in tv/entyfour days is actually greater than the total number of
young produced in the same period by animals under comparable conditions at
27°C. On the other hand egg-production commenses earlier at 2770, The %y
rate of egg-production is thus greater at 18°C than at 27°G. In this racef
under these conditions, the two rates of egg-production do not differ very
greatly so that it is only for life-spans of more than t\7enty-one days that
the egg-production at the lovrer temperature exceeds that at the hi“er
tenperature, A striking feature is the distinctly lower reproductive rate
of the animals kept in room B as conpared vd.th those kept in room A, though
the temperatures of the two rooms did not differ appreciably. The age at
which the first brood of young was produced was also greater in individuals
from room A. As mentioned abovs the only obvious feature in which the

conditions differed in the two rooms was in the amount of light the cultures

received. This strongly suggests that 1i~t may be an inportant factor in
maintaining a high reproductive rate ; a conclusion which I have been able
to confirm for Daplinia obtusa (see below). It is of interest that, judging

from the form of the egg-production curves, the effect of lack of 11"t is
more marked on younger individuals, than it is on older ones. This effect
of light and its possible ecological significance wall be discussed more
fully below.

The effect of crowding is less conspicuous, but is still well-

marked, especia ly in view of the very sligh degree of crowding involved.
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All three sets of observations showed a consistently lov/er total egg-
production than the uncrowded.  This appeared to be due entirely to a
reduced reproductive rate, since the ages at which the first brood ms
produced did not differ significantly as between crowded and uncrovfded
cultures. Unfortunately the form of the egg-production curves is such that
they cannot readily be analysed statistically; but there can be little
doubt that the effect is real, especially?- in -view of its consistency.

In order to uid erstand the mechanisms of these effects on
reproduction, the data must be further analysed, and I have done this in
table s 6 and 7, and figures 3 to 5% Table 6 and figure 3 show the total
number of completed adult instars plotted against time. Under all
conditions this is clearly a sinple,linear regression. Thus it appears that
the frequency of moulting, and hence the instar length, remain constant, at
least during the earlier part of adult life. However, since at least four
or five instars ha"ve been passed through before the end of the first adult
instar, it 1s clear that the ju-venile instars must be very considerably
sliorter than the adult instars, in agreement i1“ath the conclusions of
previous workers. The frequency of moulting is -very considerably greater
at the higher temperature, but neither light nor crowding affect it
significantly. Since the number of broods produced in a given time 1is
greater at 27°C than at 1870, the average number of youngin each brood must
be considerably less at the higher temperature.  This is clearly shownin
table 7 and figures 4 and 5*

The average egg-numbers are unfortunately exceedingly variable.

This is partly due to inherent variability be-bween individuals and partly
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due to variations in brood size from moult to moult. On the whole these

do not follow any definite pattern and must be attributed to uncontrolled
variables in the experiments. The most likely factor involved is the
effects of tenporary crov/ding due to the production of considerable numbers
of young at an early time in the two-day observation period. Well over

100 young were sometimes produced during two days so tha.t for short periods
the cultures showed a considerable degree of crowding, far greater than that
which 74S intentionally produced in the ’croivded’ cultures. Thus there was
a considerable degree of overlapping betiveen the egg-numbers recorded under
the various conditions, and to some extent this variability obscured the
essential features of the action of the various factors on average egg-
number. Nevertheless the main features of these actions are. brought out by
appropriate analysis. The egg-number of those individuals kept at 2770 1is
markedly loT/er than that of. individuals kept under similar conditions at IS"C
(pooled means of crowded and uncrowded 8.56 at 27°0, and 15.64 at 18°G.)

Tills effect of tenperature accounts for the greater part of the large item
appearing under ’‘rooms’ in the analysis of variance, and is highly
significant. The egg-number is also lower in the dark room at 17°G than it
is in the light at 18°G but the effect is not very considerable in conparison
with the large error.

The croT/ded cultures showy lower egg-numbers than the uncrowded,
but the analysis shows that this effect is just not sufficiently marked to
be significant. It is, however, almost significant, and is actually quite
large, but s\7anped by the very large error variance. In the light of this
considerable random variation, and also of the very conspicuous and

consistent effect on total egg-number, there can be no doubt that the effect
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is real. To establish a significant result would invol-'/e a very large
experiment, which would have been too ambitious for a'single worker to
handle. A

The interaction between ’'rooms’ and crowding is not very large,
and is certainly not significant. It is almost entirely due to the greater
effect of crowding in depressing the egg-numbers of the animals in room B
as opposed to the two other sets of animals. There is no reason to believe
that this effect is real, and even when the two low temperature series are
analysed separately from the high temperature results it is still far from
significant.

The depressing effect on reproduction shown by even the slight
degree of crowding in my crowded cultures (1l animal to 16.67 ml.) supports
the views of Banta, and Macarthur and B aillie, who maintain that for optimal
conditions Gladocera should be kept at very low densities. Moreover ny
results establish tliat whatever the cause of reduction in egg-number it is
not an effect of shortage of food, a possible factor in the results of
previous workers.  Higher degrees of crowding produce more marlced effects
on egg-number as Pratt (1943) showed. The fact that the effects of
crowding begin to be felt at very low densities renders several possible
mechanisms for the effect unlikely. It is not really feasible tliat at
these low densities animals are prevented from obtaining adequate food
supplies, by the mutual interference of their feeding currents. At hiter
densities such an effect might be important. At high densities constant
collisions of animals may cause temporary cessation of feeding; but such

collisions are too infrequ.ent to be of aiy inportance at a density of 6
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animals to 100 ml. The number of individuals is also far too low to have
appreciable effects on the oxygen tension of the culture v/ater. Thus the
effect of crov/ding is distinct from that of oxygen, though lack of oxygen
also lowers egg-production. (Unpublished work of Miss 6 Phear). Pratt’s
contention that the accumulation of deleterious metabolites depresses egg-
production seems to be the only reasonable explanation of the facts. It
must be noted however that the effective metabolites are not necessarily
produced by the Daphnia themselves, but may result wholely or in part from
the activities of the food-organism. To maintain an equivalent food-supply
the concentration of this must be increased in the same proportion as the
concentration of the Gladocera, and as is well-loiown high concentrations of
algae may produce substances toxic or deleterious to other organisms (Lucas
1947). Prom ny observations I am convinced that very hi” concehtrations
of Ghlorella are deleterious to Daphnia, but this effect seems to be
largely mechanical. The Ghlorella clogs the limbs of Daphnia

individuals, and also settles and reproduces on the carapaces of living
individuals. These effects only occur hovaver at concentrations
considerably hi”er than those which I liave used in my experiments. There
is some indirect evidence that the main effect of crowding in this
experiment was due to the Daphnia themselves. In subsequent experiments
Yaiere cultures showing the same degree of crowding were fed with different
quantities of Ghlorella, the egg-number was always higher in those cultures
receiving the most Ghlorella (see below) even when this v/as considerably in

excess of their requirements.

Throughout this experiment, under all conditions, there was some

excess food left at the end of each two day period. One is tempted to
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assume from this that in all cases the animals received as much food as they
could consume and utilize, as Pratt (1943) in his experiments.  This
however v/as apparently not so. Though animals collected from the field
usually have lov/er egg-numbers than the highest recorded in the experiment,
much hi“er egg-numbers are occasionally met v.dth.  Again I have obtained
considerably higher egg-numbers in individuals reared in the laboratory,
under good conditions, and the %g-numbers of the animals at a high food-
level in experiment B (baow) are also noticeably higher. The Daphnia magna
used in this experiment ivere a different strain, being derived from the
Wellcome Institute, and not from the College Botany Garden. This strain
from the Wellcome Institute is usally regarded by the members of this
department who have worked with it as shelving low egg-numbers, so that there
is no reason to suppose that the higher egg-numbers that I obtained were a
consequence of using a more fertile strain. It thus seems highly

probable that, under certain circumstances”Daphniasfail to consume all the
food available, even when the total amount of food given is less than the
maximum amount that can be utilized, under the same general conditions, but
with a higher food supply.

Bxperine nt B.

This experiment v/as actually conducted at a later date than
experiment C. but since it corresponded closely in design to experiment A,
it is most logically treated here. However the results of experiment C,
led me to adopt slightlyr different experimental tecliniques to those used in
experiment A.

The aim of the experimsnt was twofold. I wished to extend the

conclusions concerning the effects of tenperature on reproduction, denved
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from experitient A., by conparative observations on a number of species.

I also wished to find out what, if any, were the interactions of tenperature
and food-supply in respect of reproduction. I would have liked to
investigate the effects of light and crowding simultaneously with food and
tenperature, but such a conprehensive experiment would have been far too
large for nme to cope with, with the limited facilities available in a small
laboratory. Similar considerations of time, labour, and available
apparatus, limited the number of species which I could investigate in this
way. I finally decided to consider three species only ; Daphnia ma.c;na,
the individuals of wliich were derived from a culture kept at high
tenperatures (28 - 3Q°C) in the Wellcome Institute: Daphnia pulex, the
race investigated being one with a conparatively low thermal deathpoint from
the Leg of Mutton Pond on Hampstead Heath (see above); and Ceriodaphnia
dubia, a more or less lacustrine, summer species, with a somewhat southern
distribution, the source of which was Regent’s Park Lake.

The general experiment techniques and procedures used in this
experiment ivere the same as those I have described in connection with
experiment A., and I will only refer to differences in procedure here.
Since it was clear from experiment C.y that i~ t had a profound effect on
reproduction at least during the earlier instars, all the experimental
vessels used in this experiment vrere kept in darkness, the cultures only
receiving light for the brief period in each 43 hrs.y when the culture
medium was changed, and the food-supply renewed. A high temperature o

.
27°C -was again maintained by means of a water-bath, and the low-tenperature

cultures were kept in a dark room v/ith a fairly constant tenperature of about
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16°Co I originally intended to use 6°C as an additional tenperature, but

grovrtbh and reproduction were so slowat this tenperature that the

experiments had to be abandoned. Daphnia pulex, for instance, took over
21 days to reach maturity at this tenperature. Since I was not concerned
/mvESCVqat*iVtg

with*the effects of crowding, in this experiment, I chose the population
density at which the experimental beakers were kept ongrounds of convenience.
The density chosen was 1 animal to 20 ml. Thus at each temperature and
food-Qevel 1 started the experiment with one 250 ml. beaker for each species,
containing 200 ml. of culture medium, and 10 neonatae. @ With Ceriodaphnia
dubia and Daphnia pulex, I was able to run the whole experiment in
duplicate, but”I was not able to do this with Daplinia magna, owing to
shortage of available neonatae. The food-levels chosen were such that
the highest provided more than sufficient food for all species under all
conditions. I abandoned the method of standardization of Ghlorella
suspensions used in experiments A, and G., in favour of comparison of the
suspension \7ith a standard grey wedge, by means of an M.R.G. grey wedge
photometer, using a nuniber 2 filter. The Ghlorella suspension was adjusted
till on diluting 2 ml. to 12 ml. the resulting suspension gave a
colorimeter reading within 3 divisions of 90. This method of standardization
is very much quicker than the Nickel sulphate - Keiselguhr method and avoids
most of its difficulties. The cultures kept at a high food level were
given .5 ml of the undiluted suspension per individual. Those kept at a
low food level were only given .1 ml. As in the previous experiments the
cultures were fed every two days.

A difficulty that results from starting experiments with neonatae

is that of distinguishing very young males'from young females. For
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practical purposes their separation is not feasible at such an early stage.

In consequence of this some of my experimental animals used for the low
temperature experiments Ceriodaphnia dubia proved to be males. Unfortunately
I did not discover this until the experiment was well under w%r. As it was
not possible to repeat the experiment, since there v/as insufficient time
available,'l decided to continue" with it unchanged. In counting the

ecdyses I only counted those of females, the two sexes being easily
recognizable by the form and structure of the carapace. Hov/ever, 1 based
feeding levels and population densities on the total number of individuals
whether male or female. Deaths of both males and females were recorded.

A different conplication occured in the low temperature Daphnia
pulex experiments. A saprolegniaceous fungus, parasitic in the brood-pouch
of the Daphnia, mainly on the eggs, suddenly appeared in the experimental
cultures. The source of this fungus v/as not clear, but presumably it
originated from a spore introduced with t he lake-v/ater. The fungus
drastically reduced the egg-numbers of the individuals, and perhaps also
increased the mortality rate. I had already, obtained sufficient results to
establish the rate of moulting and the egg-production of the species, under
these experimental conditions, but I decided,to continue the experiment,
since it provided a unique opportunity of showing the effect of a parasite
on reproduction in the Gladocera.

The results obtained in this series of experiments are shown in
tables 8 to 13 and figures 6 and ?e The records below the horizontal line
in the tables for Daphnia pulex at low tenperatures are those obtained after
the egg-parasite had become established. It was possible to follow Daphnia

pulex and Geriodaphnia dubia throughout life, though I have not recorded



young and ecdyses for the last surviving individuals, since it was not
possible to keep conditions constant with the small volumes of culture
medium and food-suspension required. I recorded survival, however, since
it was unlikethat the slight variations from standard conditions would
affect this to anyr great extent. Shortage of time unfortunately prevented
ne from following the cultures of Daphnia magna throughout life in the same
way. The figures for total numbers of instars, and for total egg-
production have been corrected for deaths, as in experiment A.

As in the previous experiment the figures for total production of
young in a given time are conplex and not easy to intezpret until they have
been analysed into their consttuents parts, and for this readon I prefer not
to discuss them in detail. The two Daphnia species differ very strikingly
from Ceriodaphnia dubia in the effect of high temperatures on their
reproduction. It is very clear from the results that the optimum
tenperature for reproduction in these tv/o species is considerably below 27"C,
Daphnia magna being less adversely affected by this tenperature than Daphnia
pulex.  On the other hand high tenperatures are clearly favourable to
Ceriodaphnia dubia.

Theeffect of the parasite on production of viable young is

. 'A Prad.tic o'f ) .
clearly shov/n by the falling off of th6-ourvo fexr totalin Daphnia

(o-me9c)
pulex at low tenperatures” On the assumption that the rate of
reproduction would continue at a similar level to that last recorded, an
assumption which I believe to be justified, it is possible to form an
estimate of the mean production of young by one individual throughout its
life in the species where I have determined the mean length of life.

Estimates obtained in this way for the well-fed individuals are for Daphnia

pulex at 27° 0, 3*2, and at 16° C, 23*3; for Geriodaphnia dubia at 27° G,
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63, and at 16° C, 38. The data are insufficient to determine the

fertility of Daphnia magna in the same my, hut it is clearly much greater
than in the other two species. Probable figures are about 133 at 27° C and
about 300 at 16° C. These figures may be compared v/ith those given by
Banta for his race of Daphnia longispina (see above). V/hilst there are
considerable differences between the species, the figures are all of the
same order, and may be taken as typical of the Daphniidae. It must be
realized hovrever that conditions in nature are rarely so continuously
favourable as in these laboratory cultures so that actual fertility of
individuals in wild populations will usually be lower. The surprisingly
rapid increases and decreases in population density shown by wild
populations of many Dapliniidae give the impression of high fertility, but
these results show that this is not the case, the sudden changes in
population levels being due rather to the high reproductive rate of
individuals. The actual fertility is not exceptionally high being of

the same order as that of many insects and small araclmids. Gladocera may
be regarded as being semi-viviparous, and their fertility is appropriately
intermediate between that of many marine species, with long larval histories,
and that of forms with more highly developed viviparity or very large yolky
eggs ( e.g. Glossina morsitans, the tropical Bulimi).

Tables 10 and I3 and figure 6 show the frequency of moulting

of the tliree species. As in experiment A the results indicate that the
length of instars is constant throughout adult life. The results for
Geriodaphnia dubia at 27° G form a marked exception to this statement. In

this species, under the conditions of this experiment, the regression line

for total number of instars against time differs significantly from a linear
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regression, (it i1s possible to ascertain this, since tbs observations were
conducted in duplicate.)  The frequency of moulting increases throughout
the earlier portion of adult life, though it appears to become constant in
older individuals, that is to say the average instar length decreases with
increasing age, during adult life. This result is in striking contrast to
the increase in instar length with age claimed by Banta (1939) and Anderson
and co-workers (1932, 194-2). Banta had simultaneously measured size of
brood in each instar, and the grov/th increment due to each instar. He
attempted to show that these quantities were all intimately related, though
the actual relations are, of course, complex. It is not quite clear from
his discussion whether he considers instar length to depend on egg-production
and growth, or, as seems more probable, that these last quantities are
influenced by instar length, Vhese correlations may well be real, but this
further atteupt to associate variations in the quantities with age, is only
applicable to his ovm data. Since length of instar does not commonly
increase with age as Banta thought, the whole of his theory needs re-inves-
tigating. Unfortunately I did not realise the importance of this
discrepancy between ny results and his and so I did not make any measurements
of growth increments vhich would have made it possible for me to check fully
whether or no his general hypothesis holds when instar length remains
constant or decreases during adult life. The possibility that it may do so
is suggested by the fact that in most of my cultures, though the egg-number
varied from observation to observation, the variations followed no definite
pattern. On the other hand there was a marked decrease in egg-number

during the later life of Ceriodaplinia dubia, an observation viiich shows

general agreement with Banta ideas.
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Table 13 shows the regression coefficients for the ecdyses-time
relation calculated on the basis of ten animals. For the high temperature
records of Ceriodaplinia dubia only the later results, corresponding to the
maximal moulting frequency, were used in calculating the regression
coefficient. This method of expressing the data is the most natural, but
for the purpose of conparison with the results of other workers I have, in
Table 34" recast them in terms of mean length of instar. I have included in
this table the results I obtained for Daplinia magna in experiment A, and
also some results of previous workers. The three species I have
investigated show slight differences amongst themselves in respect to
frequency of moulting, and there is also a slight difference between the
moulting frequencies of the tworaces of Daplinia magna.  Tliese differences
between the species are however remarkably small, especially if the size
range is taken into account. %" results are also completely consistent
with the majority of published results, and it is difficult to avoid the
conclusion that length of instar is fixed to within quite narrow limits for
the Daphnia section of the Daphniidae,

As was to be expected tenperature has a profound effect on the
frequency of moulting in all three species which I have investigated, the
moults being considerably?- more frequent at the higher tenperature. In
table I have given the ratios for increase in moulting frequency for an
interval of ten degrees, based on the data of this experiment and experiment
A. All these ratios are of the same order and the slight differences are
not readily correlated with differences in the ecology of the species. The 4
ratio is greatest in Daplinia y*ulex, a species of fairly general occurence in

summer and winter, and least in Ceriodaplinia dubia which 1is a summer form
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in England. As a species Daphnia magna is more common in summer than in
vrinter, and this may he taken as corresponding with the intermediate value
of the ratio, but it must be noted against this that the Wellcome

Institute race has been living under constant high tenperatures for a number
of generations# [t is not easy to see how a reduced effect of temperature
on moulting frequency can be of anyr benefit to specieswhich are normally
found in summer rather than winter, and I do not wish to lay stress on this
apparent correlation in these three species, since it may prove to be
spurious 1f a greater number ofspecies are examined. The ratios I have
obtained between frequencies ofmoulting at tenperatures differing from each
other by 10° G may be compared v/ith the similar ratios obtained by Brown
(1929 b) for rate of grov/th in several species of the Gladocera.  These
ratios ranging from 2.39 for lloina macrocopa to 1.31 for Daphnia magna and
1.19 for D. pulex (986), are of the same order as my results, as might be
expected since growth is so intimately associated with moulting in the
Crustacea.  Brov/ns results indicate however that the increase in growth
rate with rising temperature is greater for warm-water, than it is for cold
water species. He considers this is an adaption to the normal tenperature
conditions under which the species live, but does not make it clear how the
differences can be of benefit to their possessors. In this respect ny
results do not agree with those of Brown; but it must be bom in mind that
classification of species in relation to their occurence in nature must be
somewhat arbitrary. If the three species viiich I have investigated are
grouped according to spatial distril;ution, instead of according to seasonal

occurence, then their order is reversed, and my observations fall into line

with those of Brown. It may be that this is the correct arrangement, and
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the apparent correspondence vd.th seasonal distribution an experimental
accident. This can only be solved viien more species have been investigated,
but such a task will probably take several years.

My results, and those of Brom, both differ considerably from the
figures obtained by Fox and his co-workers (1947-1949) for the effect of
tenperature on metabiism, as measured by oxygen consumption, in various
marine invertebrates. These workers were able to show that animals were
well adapted to the tenperatures at which they lived, but the adaptation

!

n_" i}

affected the rate of metabolism at all tenperatures, animals adapted to
low tenperatures shov/ed higher metabolic rates at their normal life
tenperatures than animals adapted to hi” temperatures. The actual

(13

increase in metabolic rate for a given rise in temperature did not show “m

any clear correlation v/ith the tenperature of the normal habitat. It thus
seems clear from a comparison of these results that the mechanisms of '
tenperature adaptation are very different in the Gladocera from those found
in marine invertebrates. These differences, as also the differences in
thermal resistance (see above), may be associated v/ith the often pronounced
stenothermy of marine invertebrates, on the one hand, and the usual
eurythemy of Gladocera, on the other.

Food supply has no effect on the frequency of moulting, either
at high or low tenperatures, the slight differences between the calculated
regression coefficients for well-fed and poorly fed animals being quite

insignificant. In this the action of food agrees \Tith that of crowding

and light. On the other hand Anderson and Jenlcins (1942) believe that

food shortage is associated with longer instars.



- 66 —

The age at which the first brood is produced, see table 15 ,
is affected by two processes, the frequency of moulting of the juvenile,
and the age in instars at which the animals become mature. Banta showed
that the last age was constant for his race *of Daphnia longispina, but in
other strains it may vary at least one instar (Anderson (1932), Anderson,
Lumer, and Zupancic (1937) » Anderson and Jenkins (1942). Frequency of
moulting in the juvenile is presumably affected by environmental
conditions in much the same manner as in the adult, but there is no reason
to suppose that the effects are of exactly the same degree in each case.
In general one would expect that the age of production of the first brood
would be roughly correlated -with iite frequency of moulting,but Hiat this
correlation would be of a rather loose nature. This is in fact what I
have observed. The first brood is always produced at an earlier age at
high temperatures than at lov/ temperatures, but the difference in days is
not clearly assoicated with the effect of tenperature on the frequency of
moulting. Food supply does not normally affect the time at which the
first brood is produced, but it has a marked affect on individuals of
Daphnia magna at 27° G.  This is comparable to, but even more marked than,
the effect of light shown in experiment A. It appears that both shortage
of food, and lack of light, may, in certain circumstances, delay the
attainment of sexual maturity by one or more moults.

1/ From the ecological view-point, the results for egg-numbers are
of more interest than any of the features so far mentioned. The total

number of viable young produced per brood varies consideroble from species

to species, and with both tenperature and food-supply; morevoer the
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effects of tenperature and food-supply differ significantly as between species
The three species differ significantly in egg-production, quite apart from
the effects of tenperature and food ( tables 9 11). The hi“ter egg-
numbers sho-wn by Daphnia magna are perhaps-connected with its large size,
but size alone does not explain the differences, since if the specific egg-
number ivere mainly dependent on size, that of Ceriodaplinia dubia would be
expected to be far smaller than tliat of Daphnia pulex. In fact the species
mean obtained for this species is slightly higher than that for Daphnia pulex.
The strain of Daphnia pulex, which I have investigated in these experiments,
appears to have an unusually low egg-number. Field-observations suggest
that such strains are not uncommon and are genetically determined, but it is
clearly not possible to test this by experiment except in a very fe’T races. "
Vvhilst both tenperature and food supply affect the numbers of young j
per brood, the effect of the latter is the most striking and consistent.
In all three species the average egg-number is lov/er in the poorly fed cul- '
tures. The effect is particularly striking for Daphnia magna, and least 1
marked for Ceriodaphnia dubia. It seems fair to assume that this 'S

difference i1s correlated with differences in size of the three species,

b

\J
Daphnia mAgnA being by far the largest, and Ceriodaphnia dubia the smallest.;

Rather surprisingly, the analysis of variance shows that there is not
interaction between the effects of food-supply and the effects of
tenperature. Since there is also no third-order inter-action between food-
supply, tenperature and species, this means that food-supply and tenperature
act independently on egg-number. This is important in the inteipretation

of the effects of temperature.



The two Daphnia species agree with each other in that the egg-
number is lower at 27° C than it i1s at 16° C. The effect is most striking
for D. pulex v/hich shov/s scarcely any egg-production at the higher temperature.
A high proportion of the eggs produced by the individuals of this species
were ephippial eggs, which, remaining unfertilised in the absence of males
were resorbed.  No ephippial reproduction occured at 16° C, nor YIS it
observed in the other irvo species. Ceriodaphnia dubia by contrast with the
other two species shows higher egg-numbers at 27° C than at 16° C. Though
the two species of Daphnia are pond species, and therefore likely to
encounter higher temperatures in the summer than Ceriodaplinia dubia they are
species which occur throughout the year and reproduce freely in spring and
autumn, whereas the lacustrine Ceriodaphnia dubia is definitely a summer
form. In its reproductive behaviou/r it is clearly adapted to hi“er
temperatures than the other two species. This adaptation is not correlated
Y/ith an exceptionally high thermal resistance, the two races of Daphnia mapug
which I have investigated both being somewhat more resistant to high
tenperatures. Thus it seems that in tliis group thermal resistance is not
necessarily correlated vdth other adaptations to tenperatLure, and may be
missleading if taken by itself. Since species of Daphnia reach an
obviously greater size at low tenperatures, than they do at high
temperatures, and since this size difference is much less marked in the case
of Ceriodaphnia dubia, it may be suggested that the lower egg-numbers of
the Daphnia species at high tenperatures are a consequence of the smaller
size of the individuals. Some support for this idea comes from the work of
Cheng (1944) ~dio concluded that in the marine ELyphemidae, Evadne and Podon,

the egg-number was to a great extent determined byr the size of the
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individual. Unfortunately I did not realise that such a connection mi"t
exist before performing these experiments and so did not make records of

the sizes attained by the individuals as well as of their average egg-
numbers.  However I did possess three sets of observations in which I had
made simultaneous measurements of the sizes and egg-numbers of a number of
individuals of two species of Daplinia (see table I)« These results indicate
that egg-number is not dependent to any significant extent on individual size,
It thus seems unlikely that the lower egg-numbers of the two species of
Daphnia at high tenperatures are a consequence of their reduced size.
Another possible explanation of this reduction of egg-number at higher
temperatures would be that the individuals were unable to obtain sufficient
food to maintain their high egg-number and the increased metabolism
consequent on the higher tenperature. If this were so one would expect
an interaction between the effects of food and tenperature, since a
sufficiently high food-supply would conpensate for the increased demand due
to higher metabolism. Since there is in fact no tenperature-food
interaction tliis explanation of the effect of high tenperatures on egg-
numbers must be abandoned. The available evidence suggests strongly that
tenperature acts directly on the activity of the gonad. Such a direct
action would be consonant v/ith the effect of more extreme tenperatures in
inducing the production of resting eggs, no matter how good other conditions
may be.

The high egg-numbers which I have found in this experiment for
well-fed individuals of D. magna are of great interest. They are quite

conparable with those observed in very flourishing colonies in nature, and

much higher than most egg-numbers of laboratory animals, recorded in the



literature. Particularly they are higher than those recorded by most
American workers imo have used Banta’s culture medium. Banta liimself was
able to obtain some high egg-numbers with this medium, using very low
population densities (as 10 to 33 for D. longispina) but most of the egg-
numbers recorded by workers using bacterial culture mediuns are low (e.g.
Anderson, 1933, 10 to 17, McArthur and Baillie C 6 for D. magna) On the >
other hand Pratt (1943) records quite high egg-numbers 104*3 at 18°C and 33*9
at 23°C at densities of one animal to 30 ml; 10.7 at 18°G with 1 animal
per 2 ml, and 26.7 at 23°C with one animal per 10 ml., for D. magna using
Ghlorella, as food-supply. These results confirm the theory that the
principal food of most species of Daphnia is provided by small algae (see
below.) It is of interest in this connection that D.longispina s.s.
appears from other evidence to be less strictly an algal feeder than most
species of Daphnia. @ Banta found tha.t in D. longispina the egg-number
iinreased gradually during the earlier instars to a high maximum and tlien
showed some falling off in old individuals, and this seems to be a rather
general opinion. Some of my animals did shov/ such a pattern, but in the
majority it was not possible to detect ary long-term trends in egg-
production. It is clear that this effect of age on egg-number is not of
any great importance since it is so easily swamped by other variations.
The poorly fed clone of Daphnia magna at 27°G besides showing a

low egg-number did not attain to such a large size as those in the well-fed 5

culture. The average size of our survivors from n:\ch culture wao- Such
dv/arfing of starved animals has been noted by several authors, including
Ingle (1933 " 1934> 1933~ 1937); Ingle, Wood and Banta (1937), showed that

if such individuals were subsequently given an”le food, they rapidly
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attained a norml size.

The effect cf the saprolegniaceous egg-fungus, which has been
called ‘hrood-pouch disecase’ on the production of viable young is very
striking as shown in the results for D. pulex. The viable young produced
per brood in each instar were reduced to a small fraction of those produced
before the onset of parasitisation. However a few young manage to develop |
despite the presence of the fungus. This reduction in the number of viable

young produced is a result of the killing of eggs after they have been layed,

and not of a reduction in the number of eggs layed, as is shown by the :
occurence of many dead eggs in the exuviae.

Analysis of the data for longevity shows that the two species b=
concerned differ in absolute longevity, but are affected to the same”extent
by tenperature, within the limits of error of the experiment. The effect
of tenperature is of course to reduce the length of life. The extent of
this reduction is consistent with the suggestion that it is mainly caused ]

by a decrease in the duration of adult instars, so tha't the individuals

attain to the same age as measured by the number of instars passed throu” U
at eachienperature. Thoso moan survivais in torms-of inntnrs nre jif*.thin
wide limits -sssl food has no effect on survival and there are not significant 1
species-food or food-tenperature interactions. This last conclusion is in *
sharp contrast to the results of Dunliam (1938) who found that animals with
alternate periods of semi-starvation and abundant feeding had shortened life-
spans.

Experiment C.

Since from the results of ExperimentA light appeared to have

important effects on egg-number, I decided to test this experimentally.



- 72 - I

The experiment v/as performed at room-tenperature, 1-5 beakers were |
set up each containing three neonatae of Daphnia obtusa in 15pnil. of water*
Daphnia obtusa was chosen for experi“ient, solely because it was the only
species available at the time. 5 of these vessels ivere kept continually® in
darkness, except for the short exposure to dim light, necessary in changing
the culture medium and counting the young. 5 were exposed to the light of
a fluorescent strip for 2 hrs.in every® 24 hours and 3 were similarly
exposed for 8 hours in every 24 hours. pp

The general technique of the experiment ms the same as in
experiment A., and the method of standardising the feeding, as also the
amount of food given per individual was also the same. Fortunately it
proved to be possible to assign the young produced to definite instars sincej”
the times of moulting were reasonably synchronous for all individuals. The |

experiment v/as continued until all individuals had passed through four

conplete adult instars. Numbers of young produced tvere determined as in . j
previous experiments and dividing these by three gave the average egg-
number. In vessel of the 0 light series, one individual was
accidentally killed before reaching maturity; southat only two individuals
from this vessel were available for determinations. ;
The average egg-numbers obtained are given in table 13. The
average egg-number is lowest in the 0 light series, slightly higher in the
2 hours light series and much greater in the 8 hours li*t series. The
analysis of these results shows that this effect of light is hi"ly
significant. The 'experiments thus clearly establishes that the presence of
li”~t increases egg-number in Daplmia, and that the degree of the effect is

in some way dependent on the length of time to which the animals are
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exposed to light during each (hy. The figures also show that the relation
between the number of hours exposure to 11"t and the increase in egg-
number is not a simple Unear one, but the three points are not sufficient

to determine the form of the regression. The effect was dependent on 11" t,
and not a consequence of variations in oxygen, since all vessels had similar
oxygen tensions.

An incidental observation of interest in this experiment is the
occurence of significant differences in egg-numbers between successive
instars, these variations, not showing any obvious trend. As noted above
they possibly represent tenporaiy crowding effects. In the other
experiments described here it was not possible to treat the instars
separateHy, so that the variations between instars were lost in the general
error variance, and were probably partly responsible for its hi” wvalue.
There was no difference in the effect of light on the various instars.

After performing this experiment I came acroIss the paper by
Schultz (1928) on the effect of light on Daphnia. He had concluded that
darkness causes a decrease in egg-numbers but an increase in size of
individuals of Daphnia. As far as egg-nuiaber is concerned my results thus
confirm this. Unfortunately, as I have noted abo\* his paper is so vague,
and contains so many inaccuracies and faulty deductions, that liis work has
been discredited or ignored by almost all subsequent workers. Hy results
are thus useful as confirming the part of his work dealing mth the effect of
light on reproduction in Cladocera.

General discussion.

The conclusions from this whole series of experiments can be

summarised as follows.
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1. The fertility of Cladocera is low as compared v/ith most
invertebrates, as one would expect from the method of development of the
young.The rate of reproduction is, on the other hand, very high.

2. Fertility depends on the frequency of moulting of the adult, the
average egg-number, the age at which maturity is attained, and the length of
life. All these are affected by teuperature, in all species; but food--
supply, light, and degree of crowding only affect egg-number, and sometimes,
the age at v/hich the animals became mature.

3. Instar lengths are of the same order throughout the Dapzinia group
of genera, and are affect’\QtXcL) more or less the same extent by tenperature
changes. There are slight differences between the species in this respect
which may be connected -ntth the ecology of the species concerned, though this
1s not certain. The adaptation, if real, is of an entirely difference
nature to those shown by marine invertebrates in respectto their metabolism.
4. The temperature for maximum egg-number differs in different species
These differences are probably correlated v/ith the seasonal occurence of the
species but show no obvious assoication -with spatial distribution, or ivLth
the specific lethal tenperatures.

3. Shortage of food, absence of light, and increased crowding all
diminish the average egg-number, though they are not equally effective in
this. These factors show no interaction with temperature, i*hich indicates
that, in those species where the egg-number is reduced by high tenperatures,
the effect of tenperature is not mediated through shortage of food, caused

by increased metabolism. The effect of food-shortage is less marked in

some species than in others, and its degree is possible dependent, at least
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in part, on the size of the individuals.
6. The saprolegniaceous egg fungus, 'hrood-pouch disease’, causes a
marked reduction in the number of viable young produced, this being due to
the death of eggs subsequent to laying. It does not appear to affect the
frequency of moulting.
7. The age at which maturity is reached depends on several factors.
It appears to depend mainly on tenperature, but it may be considerably
delayed by shortage of food or absence of light. Tliis delay is probably
due to a postponement of maturity for one or more instars.
8. Longevity is distinctly affected by tenperature, the length of life
being much reduced at higher tenperatures, as noted by previous workers.
Longevity also differs from species to species, as does the effect of
increased tenperature on longevity. Vfithin wide limits, food-supply
appears to be v/ithout effect. It is probable that, except at high
tenperatures shortening of life is dependent on shortening of the length of
instars, the average age attained in instars being constant.
9. Egg-number and frequency of moulting may vary progressively during
adult life, but often no such variation can be detected. In some cases
variations occur vhich are exactly the opposite of those reported by Santa*
It is clear from these results that the actual effect of
environmental conditions on the reproduction of Daplmiidae must be couple x,
and it can be expected that some difficulty may be found in discovering
absolute correlations between the distribution of a species, and its
behaviour in regard to any one siiple physical factor. Nevertheless, the
differences in behaviour of species in respect to temperature are of a

sufficiently high order for this to be a major factor in their ecology.



Its exact significance can of course only be determined when these
reproduction studies are extended to a larger number of species. It may be
noted that since reproduction inevitably increases population density, wliich
will reduce the average egg-number of the population, the optimal
tenperatures and food-levels for fertility in nature may differ considerably
from those found in the laboratory under conditions of more or less constant
population density. It is also possible that the effect of these factors
majr differ according to the .presence or absence of nearly related species,
since presumably a crowding effect may be induced in a sparse population of
a species by the abundance in the same locality of a nearly related species.
In these circumstances it is not surprising that it is only occasionally
possible to show from observations of natural populations that the seasonal
occurences of some of their conponent species are dependent on temperature.
Similar considerations apply to a less extent to the effect of food-supply,
and the often noted difficulty which workers on plankton have found in
correlating the occurence in numbers of zooplankton63i7ith algal abundance is
not surprising. Indeed 1f the main food of Cladocera is provided by
nannoplankton Algae then a strict correlation betv/een the abundance of these]
two groups of organisms is not-to be expected, though a general correlation
should be shoT/n if both abundance and egg-number of the Cladocera are
considered.

The depressing of reproduction by darioiess may be connected -with a
rather striking feature of Cladoceran distribution, the almost complete
absence of these organisms from caves and deep wells. [t must be noted
however that the inability of most Cladocera to live in streams which show

any appreciable rate of flow, would also tend to exclude them from the
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subterranean fauna, by preventing their entry, except in very special
situations. A

As 1T have noted above certain authors have used egg-number as a
criterion of good nutrition. Provided that its limitations are clearly
realized, this procedure appears to be justified. For populations under
otherwise similar conditions a lov.ner egg-number probably indicates a poorer
food-supply, provided that the population densities are reasonably similar.
All that can reasonably be stated of populations living under dissimilar
conditions is that those with lower egg-numbers are living under conditions
that are in some way less favourable to the species, than are'the
conditions under which those v/ith hi“er egg-numbers are living. Even tliis
vague conclusion is unsafe when only two populations are conpared, since the S
differences in egg-number may be due to intrinsic differences in fertility.
Since such intrinsic differences are presumably distributed at random in
respect to environmental factors, they may be ignored when numbers of
populations are examined. The use of egg-number in association with
population density as a criterion of adequate food-supply is justified when
numbers of observations derived from populations living under similar
conditions in respect to one environmental factoi* or set of factors, are
considered together, provided that the populations show a random
distribution in respect to the other factors which influence egg-number.
In thid situation effects due to irrelevant factors cancel each other out.
Such observations can be used to determine the relative values of different
substances and organisms as food for Cladocera, on the basis of their
occurence, abundance, and fertility.In % work on the food of Cladocera I

have made this limited use of egg-number (see below.)
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The conclusions which I have reached in this work, though based
only on the genera Daplmia and Ceriodaphnia are probably applicable to all
calyptomerous Cladocera in VThich the egg-number varies with environmental
conditions, tha.t is to the families Sididae, Holopediidae, Daplmiidae, A
Bosminidae, Macrothricidae, and to the Eurycercinae. They clearly cannot .
strictly apply to the Chydorinae, and it is unsafe to extend them to cover, by
the gymnomerous families.

The effects of crowding, ligit, and food-supply on reproduction, ppc
show such a marked general similarity that it seems possible that they all P
depend ultimately on the amount of food consumed, though direct action of
excretory products or light on gonadic activity cannot be dismissed. Miss
Phear (unpublished results) has shown by means of observing the rate at which
Dawhnia remove suspensions of graphite from solution, and also from direct
observation of the frequency of limbbeat, that the rate of feeding was
reduced at low oxygen tensions. It is possible that lack of light and
crowding have similar effects, but the experimental difficulties involved
in determining this liave so far prevented me from checking the possibility.
It is unlikely that the effect of tenperature on egg-number is of this
nature, since as noted above, one would expect in that event to find some
tenperature-food interaction.
Food and distribution.

In the last section I discussed the effect of the quardty of
available food on reproduction. The amount of food available is clearly
of inportance in Cladoceran ecology, but its quality i.e. the type of food

available may also be of importance. A considerable amount of work has been

done on the food and feeding of Cladocera, though most -vTorkers have been
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almost solely concerned with planktonic or at least open water forms,

the bottom living and weed-dwelling forms having been largely ignored.

It is well-kknown that the Cladocera fall into two clearly defined groups on
the basis of general morphology and feeding mechanisms. The gymnomerous
species of the families Polyphemidae and Leptodoridae, with prehensile
limbs, not enclosed in the carapace” can only be raptatory feeders.

These two families contain only four freshwater species, though they include
many marine species, and all except Pol*qhemus pedicuius are planktonic.
Bythotrenhes and Lentodora are also of large size, extremely transparent

and very difficult to examine without damage. Perhaps for these reasons little
seems to be known about the food and feeding of members of these two
families. It seems to be generally assumed that they are predators, though,
as has often been pointed out, their weak mandibles must preclude them

from eating any but the feeblest prey. | have not concerned myself much with
these species, since ecologically'they can scarcely be considered as
belonging to the same group as the more ’'normal* Cladocera. | have however
made a few observations on the planktonic forms, and a considerable number
of observations on Polyphemus pedicuius. It is virtually impossible to
determine the food of Bythotrephes and Leptodora by direct observation;

the gut of the former usually proves to be empty wioen examined, thou” it
may sometimes contain a few small unidentifiable particles, and | have never
found any gut-contents in Leptodora. These observations , which are in line
with usual experience are not incompatible with the theory that these
species are predatory, but they do not give it any particular support.

However | was fortunate enough to observe an individual of Leptodora in
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the act of seizing and securing a small individual of Ceriodaphnia.
The captured animal was passed towards the mouth of the Leptodora,
which appeared to attempt to hold or pierce it with its mandibles.
Unfortunately owing to the confined space of the compressorium in which |
had placed the Leptodora for convenience in observation, -these operations were
not successful, so that | could not follow the process of feeding.
The observation proves that Leptodora is capable of capturing animals of
quite considerable relative size. There is thus little doubt that
leptodora is predatory, and, in the absence of evidence to the contrary
one can assume that Bythotrephes, which has very similarly modified
limbs, is also a predator. On the other hand, ny observations of gut-
contents show clearly that Polyphemusis not a predator. | have seen
several hundred individuals of this species and, with the exception of a
few with empty guts, they have always had their guts packed with detritus,
which was obviously of vegetable origin. In fact the food of Polyphemus
does not differ appreciably from that of many other littoral Cladocera.

The Calyptomerous Cladocera,in which the limbs are almost or
completely enclosed by the carapace, cannot possibly be rotatory feeders.
The feeding mechanisms of these forms, which comprise almost all the
freshwater Cladocera, have been investigated by a large number of workers
including} Cannon (1933). Storch (1922,1924) Eriksson (1934). Graf (1930i
Eranke (1925) and Loohhead (193%)" These authors differ violently on details
of the feeding mechanism, but are largely agreed in regard to its main
features. The most useful account is that of Eriksson (1934)* From Erikkson*s
account it appears that there are three principal types of feeding mechanism

in the group. It is well known that the Anomopoda show a more specialized

mechanism that the Ctenopoda. In the latter group all the limbs, except the
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last are similar in structure and possess filtratory* setae, and it is the
metachronal beating of these limbs which creates the feeding current.

Almost all authors are agreed that the filtratory setae remove particles of
food from the water, which fall into the ventral food-groove. They may then
be rejected by the post-abdomen, or in some way passed forwards to the mouth.
In regard to this latter part of the mechanism the various authors are

in violent disagreement. The more specialised feeding mechanisms of

the Anomopoda are of two very distinct types which represent a fundamental
cleavage within the tribe. The most familiar is that described by

Cannon (1933) and Storch (1922, 1924) for Daphnia, in which the principal
feeding limbs are the third and fourth pairs, which are very similar in
structure and have equally spaced* filtratory* setae. In these forms the first
limb is always very small. This tj'pe of feeding apparatus is confined to the
Daphnidae. In the other families; the Bosminidae, Riacrothricidae, and
Chydoridae the limb-structure and feeding mechanism are entirely different.
The principal feeding limbs in these families are the second and third and
the *Filtratory* setae on the two limbs show very different spacings,

those on the third limb being much more closely set than those on

the second limb. Eriksson interprets these as coarse and fine filters

but his evidence is purely morphological. The limbs posterior to the

third limb are remarkable far their large exopodites. Th-is first limb in
all these families i1s a very large stout prehensile one, bearing no resem-
blance to a phyllopodium. It is bend backwards partly covering the

second limb, and its tip may' often, as in Chydorus sphaericus slightly

protrude from the carapace. As Eriksson has shown, the limb-structure and the
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direction of the feeding currents in llyocryptus sordidus, differs
considerably from the usual chydoriform pattern. Eriksson regards it as
belonging to a fourth type, but this view seems to be exaggerated.
Judging from Eriksson’s figures, and ny own observations, its limb-structure
is merely that of a macrothricid, highly modified in accordance with the
burrowing habits of the animal. It may be noted that Leydigia shows some
comparable, but much less extensive modifications. There certainly seems to
be no reason for removing II|}6cryptus from the Macrothricidae on the
grounds of limb-structure alone, thou”? others of its ny peculiar
anatomical features mi?*t possibly justify such action.

Almost all wojiers on feeding mechanisms seem to be agreed that
the so-called filtratory setae really do filter particles from the water,
and thus the Cladocera can be correctly described as filter feeders.
Examination of the evidence shows that it is by no means conclusive, and
consists almost entirely of deductions from morphology, there being
little or no direct evidence for such filtration. Woltereck (1928) does
indeed state that he has observed a seasonal change in the closeness
of the filtratory setae of a race of Daphnia longispina which was correlated
with a change in size of the most abundant available manoplankton al*ac.
This would appear to be good evidence in favour of the filtration hypothesis*
but he gives no details of other variations in conditions or of the
Daphnia. Thus the variation in setation of the third and fourth limbs
may have been due to other factors, including the size of the individuals.
As | shall show below, ny observations make it doubtful that actual filter-
feeding is the only, or indeed the principal mode of feeding, in many species

though these could usually be described as vortex feeders. . A few authors
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in the past have noted features which do not entirely agree with the filter-
feeding hypothesis, though they have not abandoned it. Thus Lochhead

in his study of the feeding mechanism of Fenilia avirostris notes that the
vast majority of the food-particles never even approach the ’filtratory’
setae, but are drawn directly into the ventral food-grovs, an observation
that I have been able to confirm for Sida crystallina. Berg (1929) has
noted the habit of Chydorus sphaerious and Anchistropus emarginatus of
clinging to algal filaments by the ventral surface, and has suggested that
they feed on small particles of food which they dislodge from this substrate,
a method of feeding which can scarcely be called true filter-feeding; the
bodtom grubbing of various Daphnia species and especially Daphnia magna
which has been noted by Wesenberg-Dund (1926), is also somewhat difficult to
fit in to the filter-feeding hypothesis.

Regarding the actual nature of the food of Cladocera there is even
less agreement. In this field perhaps more tlian ai%' other, workers have
suffered from the tendency to generalise too hastily on the basis of one or
a few species, and also from the tendency to interpret results solely in the
li*t of preconceived hypotheses.  For this latter reason the opinions of
many workers, as for instance of Woltereck (1928) are somewhat suspect.
Another ing¢portant limitation to the value of the published work is that
almost all of it has been concerned v/ith planktonic species or members of
the genus Daphnia, which, even when they occur in small ponds are from the
behavioural point of view, more akin to planktonic species than they are to
the vast majority of non-planktonic Cladocera.

It seems now to have been established beyond question tliat the

food of Cladocera is mainly particulate, and moreover consists of particles
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which are non-colloidal. Phtter (1909, 1919) advanced the theory that the
dissolved organic matter was an in”prtant source of food for planktonic
organisms. He maintained that if this were not so then it v/as incessible

to account for the observed numbers of .zooplanlcton animals. This theory
*was advanced however, before the discovery of the abundance of the minute
nannoplankton and nannotripton. Since then the theory has been largely /;
discredited. Kro” (1931) subjected it to an exhaustive criticism and
shoed that it was mainly founded on faulty observational grounds. He
concluded that there was no evidence whatsoever that dissolved organic

matter was ever an ijncortant source of food foraquatic metazoa. Nevertheless
some authors as Macan and Worthington (1931) think that the theor’r is not
fully disproved. As far as the Cladocera are concerned .the theory lias been
conroletely disproved by the experimental work of Gellis and Clarke (1933).
They showed that Cladocera starved to death as quickly in solutions of
organic matter as they did in pure mineral solutions. They further showed
that colloidal matter, which had been previously looked upon as a soui'ce of
food of Cladocera, was not inportant by itself. It could provide a certain
amount of food, since the animals remained alive, but they did not grow or

reproduce.

?/hat sort of particles provide the main food of Cladocera is much
less clear. Workers are divided into three main schools in their opinions;
those who like Naumann (1918, 1921), and Weissman (1877), consider that the
principal food of Cladocera is provided by detritus, and particularly by
the minute nannotripton; those ivho like Woli“ereck (1903, 1928), Storch

(1923), Pacaud (1939), and Lef-¢vre (1942) consider that they are mainly
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phytophagous, feeding on small algae; and those who like Banta (1937, 1939),
and Stuart etal (193”) seem to considert hat the Daphniidae at least are
principally bacterial feeders. These differences of opinion are no doubt
partly due to the difficulty of determining the real source of food, but are
I think mainly due to real differences between species.
a That many planktonic Cladocera are algal feeders seems to be
generally agreed.  Even ilaumann (1914) has noted that Cydotella is often
consumed and digested by Daphnia and Bosmina. = Woltereck (1926) showed that
whilst he could rear planktonic Cladocera satisfactorily on nannoplanktonic
algae, they starved and died when fed with detritus, protozoa, or bacteria.
Wagler (1923) concluded that planktonic Cladocera fed mainly on algae, but
decided that littoral and small pond forms such as Daphnia magna and Daphnia
pulex were mainly detritus feeders. On the other hand Banta has successfully
reared Daphnia longispina tlirough many years on bacterial media.

There is considerable doubt as to which algae, if any provide the
best food for Cladocera. Dirge (1897) records planktonic Cladocera feeding
on large blue-green algae; but such observations have not been confirmed by
subsequent workers, and it appears to be generally agreed that the larger Wi
algae can be excluded from consideration as a source of food for planktonic
Cladocera (see Woltereck 1926, Berg and Kygaard 1929). The statements in
the literature would suggest indeed that this was true of all Cladocera, but,
this is not so, as is obvious when the gut contents of some of the littoral
species are examined. » Some authors as Rylov (1933) and Naumann (1917,1913) |
consider that small coccoid Algae, such as Scenedesmus and Anlcistrodesm s I

cannot be used as food by Cladocera, and Wagler considers that these two

algae are actually deleterious, because of their spinous projections.
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Storch on the other hand, finds that they are a verj" good food for Cladocera.”
Woltereck (1928) concludes that the evidence suggests that the principal
food-organisms of the planktonic Cladocera are the minute nannoplanktonic
flagellates, and this seems to he horn out hy the con”lete lack of

correlation betweent he productivities of waters, as determined by the
ordinary phytoplankton, on the one hand, and the zooplahkton on the other.

A few recent authors have made serious attenpts to resolve these difficulties
by carefully investigating the food of a number of species of Cladocera.

Pacaud (1939) studied the food of a number of small-pond Daphniidae
by a combination of various techniques. He observed the rates at vhich the
species cleared different suspensions of living and dead material, examined
the gut-contents of various species, and noted the abundance of gpecies in
relation to the algae present. He concludes that Daphnia magna, Daphnia
pulex, Ceriodaphnia pulchella, Ceriodaphnia megalops, Simocephalus vetulus,
Moina brachiata and Moina rectirostris are mainly dependent on minute,
delicate flagellates for their food. He admits that Daphnia and Moina may
surviie for long periods in the absence of an abundance of auch flagellates,
by feeding on tripton and bacteria, but notes that the populations are then
anything but flourishing. He suggests that for such forms as Le.ydigia and
MAcrnthrix vegetable debris may be more inportant as a source of food, by
reason of its greater abundance.

Pacaud’s conclusions regarding the food of Moina species, may be
contrasted with the results of Stuart-“.lacpherson, and Cooper (19)1). These
authors found that populations of Moina macrocopa flourished wiien fed with
living Bacteria, but could not survive on adiet of dead bacteria, even when

these were freshly killed. They also found that some Bacteria vare



-87 -

unsuitable as food, and a few were even pdsonous.
Leféevre (1942) fed Daphnia magna and Daplmia pulex on cultures of

of a number of species of small algae* He concluded that ivhilst many were

excellent as food, others were very poor. He decided that for an alga to
be a good food for these species it must be rather small; must have a
delicate cell membrane; - and must tend to remain in suspension; but must

not be too powerful a swimmer. He noted ths.t the two species differed
somewhat in their pov/ers of catching and digesting algae. Most striking
was his proof that some species of Scenedesmus and of Ankistrodesmus
consituted an excellent source of food, though other species of Scenedesmus
only gave rise to moderate cultures. Margalef (1948) has, in the course
of a general study of the food of aquatic invertebrates, recorded the gut
contents of a' number of species of Cladocera. His records enphasise the
variety of substances which may be consumed by a single species, for
instance he records from Daulmia magna, the filamentous alga Tribomema,
diatoms, conidia, fungi, sand and fine detritus. Unfortunately he does not
indicate the relative quantities of the substances he records, or how far
they appeared to be digested, so that it is not possible from his records to
decide whether or no the majority of species are algal or detritus feeders.
The general impression from his records is tliat v/iiilst certain species, such
as Ceriodaplinia pulchellas are predominantly algal feeders, others such as
Alona affinis must feed entirely on detritus.

In investigating this problem I decided to adopt tv/o different
procedures, to investigate the gut-contents of a number of species, and to
investigate the distribution in the field, of Cladocera, in respect to the

abundance or scarcity of the various possible sources of food. If these
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tv/o sets of observations showed a good generaly agreement, then it could be
presumed that the conclusions derived from them were at least reasonably
sound*

Examination of gut-contents.

The vast majority of Cladocera are small and reasonably
transparent so that it is possible to see the gut-contents clearly vdien an
animal confined in a conpressorium is examined -jnder the microscope. For
such species dissecting out the gut-contents is not only unnecessary but
undesirable. For the larger and the more opaque species I found some
dissection to be necessary though I substituted it wherever possible by
direct observation. I found that the simplest and best method of
obtaining the gut-contents for examination was by gently compressing an
individual under the cover slip of a compressorium. If this is done
carefully it is possible in about a fifth of the individuals of most species
to cause a complete extrusion of the gut contents which retain theff
relative positions undisturbed. Thus it is possible to compare the
materials in the anterior and posterior regions of the gut. lip. few species
it was not possible to obtain such an extrusion of the gut-contents, this
being particularly the case with many Chydoridae, because of the coiling of
the gut* In such cases other methods of dissection had to be tried.

The animals on v/hich these observations were made v/ere collected
in the field in the normal manner. Immediately on arriving back in the
laboratoiy I transferred them to petri dishes containing clean water, and
examined their gut-contents as soon as possible. These precautions v/ere
necessary since it v/as very likely that in the absence of their proper food-

supply animals v/ould feed on wliatever food was available to them in the
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collections. Observations on such individuals would be just as valuable

i¢ deciding the normal food of the species, as would observations on the food
of concentration camp inmates, in determining the normal food of human
beings,

Unfortunately the results ?&ich | obtained do not lend themselves
to concise tabulation, so | have given an extended summary of them in
appendix 1.

In considering these results it is necessary to treat the non-
plankboare and planktonic species separately. In the latter group | include
the pond Daphnias and Moina for reasons given above.

It is clear thatthe non-planktonic species fall readily into two
groups on the basis of their gut-contents, the only conspicuous exception,
being Chydorus sphaericus. These two food-groups a and b, are
characterised by gut-contents which consist mainly of algae, or mainly of
vegetable detritus, respectively. | found no evidence Z%)U;w;\y species-ef
&teaei-Te bacterial foodiamg. The principal algal feeders are Sida
crystallina, Ceriodaphnia reticulata, Simocephalus exspinosus.
Simocephalus serrulatus, Scapholeberis mucronata. llvocryptus sordidus.
Macrothrix laticornis. oﬁcﬁlo?ém< tenuicornis. Lathonura rectirostris.
PejQoantha truncatAfand perhaps Alona rectanaula.

Acantholeberis curvirostris is probably mainly an algal feeder though
the records show that it also takes a considerable quantity of detritus.
The forms which feed principally on detritus comprise, Latona setifera

Ceriodaphnia megalops. Simocephalus vetulus. Strebocerus serricaudatus.

Eurycercus lamellatus, all the Chydorinae examined, except the two
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species previously menttioned and Chydorus sphaericus, and Polyphemus _
pediculus. It must be realised that the extent to which the food of a
species is limited to either algae or detritus varies considerably# Thus
vhilst Eurycerous lamellatus and Leydigia leydigi are strict detritus
feeders, only consuming such algae as are inevitable owing to the rather
poor selective mechanism, species such as Ceriodaphnia megalops.
Simocephalus vetulus, and Alona affinis. are less discriminating. Again
Sida crystallina, and I3/"ocryptus sordidus, are strict algal feeders, but
such species as Ceriodaphnia reticulta, and Scapholeberis mucronata

may on occassion take considerbye amounts of debris#

Chydorus sphaericus does not fit readily into this classification,
and nmy imprsssion is that it eats whatever food happens to be available at
the moment, irrespective of its nature.

Limitations of food-supply other than the broad one just dealt with
are less easy to determine. For most species the gut-contents represent a
fair cross-section fgfr- the algae or detritus present in the habitat which
lie below the maximum size of particles that the species can consume.

This limitation as to size clearly has no relation to the coarseness of
other wise of the filtratory setae. In many species the normal size of the
particles consumed is far above the distance between adjacent °'Filtratory’
setae, and the largest particles consumed are often so large that it is

not feasible to think of them being filtered out of the water. This

is particularly striking in the case of Sida crystallina whose main food
concists of algae of considerable size, such as large desmids, large
diatoms, and Botryococcus. The species may also consume algal filaments of

considerable length and diameter. Eurycercus lamellatus may consume such
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unwieldy objects as considerable sized fragments of cladoceran limbs. The
general impression given by these obser\/ations is that the size of particles
consumed is closely connected ivith the size of the species, the langer '.
species feeding principally on larger Algae or detritus fragments. The
largest particles recorded for each species are mostly those which have a™
breadth equal to the internal diameter of the mid-gut. Thus the upper size
limit for particles consumed is probably determined by the animals
swallowing capacity. The lower size limit is fixed by the size of the mesh
formed by the seta and setules of the filtratory limbs. However this is a
minimal size, and my inpression”om the examination of the gut-contents is
that it is rarely reached in most species. In such species as Sida
crystallina such small particles are certainly®* not inportant.

If a substance is to be a satisfactory" source of food it must be
digested as well as ingested. As the records show, species differ widely
in their digestive capacities. These can best be examined in regard to the
digestion of Algae, since the stages of digestion are much more clearly-
re cognizable in these than tiiey are for detritus. A difficulty is that
dead algae may be present in the habitat in large numbers.  This can be
overcome by three types of observation. The percentage of dead algae in the
habitat may be noted, in most habitats, though not in all it is found to be
insufficient to affect seriously conclusions based on gut-contents. The
algae at the front of the gut may be compared v/ith those more posteriorly.
If an alga which is represented in the anterior portion of the gut, largely
by more or less intact individuals, is mainly represented posteriorly by

fragmentary remains; or (provided it is fairly uniformly distributed in
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the habitat) is completely absent posteriorly, then it can safely be said

that the majority of individuals of this alga have been digested. Similarly
if two individuals cladocera from tte same habitat differ considerab]” in

the percentages of an alga in their guts which are dead, then, provided that
both species ar*lgal, or both species are detritus feeders, their digestive
powers in respect to this Alga can safely be said to be different. If as gg
sometimes happens, a larger proportion of undigested remains of an Alga

appear in the gut of a detritus feeder than in the gut of an Algal feeder

from the same liabitat, i1t is clear that the detritus feeder is less capable
of digesting this Alga than the algal feeder.

Bearing all these qualifications in mind, my results show,that there
is considerable variation between the different species in their digestive
powers. On the whole the detrius feeders seem less efficient at digesting
Algae than the algal feeders, which is as one would expect. It seems also
tloat the larger a species is the more likely it is to have an efficient
digestive mechanism. The digestibility of the Algae consumed also varies
considerably. On the whole my observations agree v/ith those of Lefévre,
who concluded that thinner walled species were more easily digested than
those with thicker mils. However Desmids and Diatoms form striking
exceptions to this rule. If these are eaten at all they are mostly
efficiently digested, sometimes much more so than apparently naked
flagellates. A probable explanation of this apparent anomaly is that in
both groups the cell wall is pierced by openings of comparatively large size,
which would thus enable the digestive enzymes of the Cladoceran to penetrate
v/ith comparative ease. Large mucuous sheaths on the other hand definitely

hinder digestion, so that such forms as Sphaerocystis are scarcely ever
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digested. It is probably the occurence of such sheaths which hinders the
digestion of many of the small coccoid Chlorophyceae v/hich one would
expect to be highly digestible. Certain portions of the algal cell seem
never to be digested by any species. Outstanding are cellulose cell-waHs.
The remains of algae in viiich these v/alls are distinctive, as for instance
Chodatella.and many of the Desmids, retain their form so well that they can
readily be identified as far as the species. The walls of Diatoms also
remain undigested. Plastids are digested but chlorophyll itself appears to
be indigestible. At any rate it accumulates and becomes highly concentrated\‘
in the fluid of the gut, often giving it a characteristic green colour. 1
It was stated abov” that most species of Cladocera seem to feed J
indiscriminately on particles of the ri®it size apart from showing a
preference for either Algae or detritus. it might be thought that feeding -'
is really indiscriminate and that the apparent preference for algae or
detritus was due to the failure of the species to survive where whichever
constitutes the main food is scarce. Though tliis may be partly true it does ;
not fully explain the facts and one is forced to postulate some selective
feeding, though this may be largely due to selection of feeding site, rather ]
than to selective rejection of food.  Viien I have examined species from A
habitats in which both algae and detritus v/ere abundant, they have retained
their algal or detritus feeding tendencies. Only in a very fev/ instances
when the preferred food v/as extremely scarce in comparison -with the
alternative food-source have I found individuals with markedly abnormal
gut-contents. In Sida crystallina and Ilyo”~ryptus sordidus this selective
feeding is very clear. The former is not merely an Algal feeder but it

also shows marked preferences for certain t'gpes of algae, v/hen these are A
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available, and particularly for Diatoms and Desmids. In one case I found

a population of this species at Borran’s Field, Windermere, in which the

guts of many individuals v.are chok ed”partially digested remains of
Gonatozygon brebissonii though I could not find a single specimen of this rare
alga in any of my collections from the locality. Thus this species is
certainly selective in its feeding. Ilyocryptus sordidus lives almost
conpletely buried in fine mud, often associated with the detritus feeder
Leydigia, the gut however, hardier ever contains any mud, and rarely any
detritus, but is usually completely packed v/ith small Algae, drawn in from
the mud-surface. This is of course largely rendered possible by the

) ) L €riksct\ .
peculiar structure of its thoracic limbsy”®

It 1s much more difficult to interpret the" records for planktonic
species. In many of these as Bosmina obtusirostrist DayCnnia hyalinaCother
than the variety lacustris), and Diaphanosoma brachyurum, the gut-contents
normally consist of particles so very finely divided as to be unidentifiable.
In Daplmia longispina, Daplmia hyalina lacustris, and Ceriodaphnia pulchella
the principal gut contents are very small algae and particles of detritus,
whilst in the pond Daphnias and to a lesser extent Bosmina longirostris,
qLiite large particles may beconsumed. It is of interest that tliis
graduation corresponds fairij" well v/ith the size of the water-bodies that the i
species normally occupy. It seems probable that the impossibility of
identifying algal remains in the guts of the Cladocera from larger lalces, is
a result of the extreme delicacy of the Algae on which they feed. Other U
evidence (see belov/) suggests strongly that they are algal feeders. Of the
other species all save two shov/ a preponderance of algal feeding over

detritus feeding when only flourishing populations are considered, these are
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Ceriodaphnia pulchella and Daplmia long!spina which both appear to consume
considerable quantities of detritus though also taking much algal food.
However as the records show, populations may be found in which the
individuals liavs fed mainly on detritus. In all such cases I liave found tliat
on examination of the water by iodine precipitation there v/as only a very
scanty population of Algae, and in all these cases the Cladoceran
population was obviously not flourishing.

The sise of particles consumed by large lake forms is consonant
with the filter feeding hypothesis, but the other species, and especially
the pond Daphnias and Bosmina longir(?tris often consume particles of very g
large -size. Uith these q)ecies as v/ith the bottom-living forms the
largest particles consumed correspond very closely in mdth ivith the diameter
of the mid-gut. It is also evident that the factors governing digestibility
of Algae in these species are similar to those operating in bottom living
Cladocera. It is interesting that, contrair to the views of Pacaud, many
ohecate flagellates, as Tracheldmongs Vyéalllv%ul\ﬁ(g, are reaily digested by pond
Daphnias.

I cannot however detect any good evidence for selective feeding.
The gut-contents usualljr approximate closely to the particles of similar
size in the surrounding medium. Admittedly certain large species, may not ]
be consumed even though they are abundant, and I liave actually observed
individuals of Daplmia hyalina s.s. repeatedly rejecting colonies of
Coelosphaerium.  Nevertheless juy general impression is that these plank- 1

tonic Cladocera are to a great extent indescriminate feeders. It may well ¥3

be, hov/ever, that they congregate in regions v/here there is an abundance of
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small algae, but such an investigation was outside the scope of ncr survey,

Che question arises as to whether the observed distribution of
species of Cladocera corresponds at all well vl/ith their food-requirements as
deduced from their gut-contents*

It must be bom in mind for this puipose that a record of many
individuals from a locality is of more wei*t than a record of one individual,
and similarly individuals with many eggs areof more weight than individuals
with few eggs#

Unfortunately it was not possible to (bvise a method of quantitive
collection which was both exact, and applicable to all the different types
of habitats | studied. On the other hand it was desirable to obtain
collections from as many different types of habitat as possible for the
reasons given in part 2 (see above). | had therefore to content nyself with
making collections as nearly congparable as possible and estimating the
abundance of the different species#

Egg-number can of course be accurately determined, but the hipest
egg-numbers likely to be attained vary from species to species# Thus the
actual egg-number would be misleading as an estimate of the flourishing
nature of the coloqy# | found it advisable to record the egg-numbers as
high, medium, or low, counting animals with no eggs as having a veiy low
egg-number#

It is not possible to obtain exact quantitative figures for
bottom algae and detritus so that the results for these had again to be
expressed in terms of relative abundance# Only particles small enou” to
be eaten by the species were considered in these estimates#

The observations which | have made suffer thus from an
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inevitable vagueness but they do form a suggestive qualitative picture,
which agrees very well with the conclusions | have reached from an
examination of gut-contents®* The observations | have made are too numerous
to include here, but table 16 based on results that | obtained at Wray in the
summer of 1949 can be takei"‘liypical.

In this table | have adopted a short-hand formula to include the
frequency, abundance, and relative egg-numbers of the various species. The
various items in this formula are explained in the footnote to the table.
Nine grades of abundance were recognized ranging from extremely abundant,
where several hundred individuals could be obtained by a single short sweep
of the collecting net, to extremely scarce where only one or two individuals
were obtained after prolonged collecting. These grades were awarded the
numerical values 1 to 9* Egg-number was estimated as very high, high,
medium, low, and very low, and these were given the numerical valuesi to 5.
In the case of the Chydorines those populations in which most individuals
had two eggs were given the value of 5, those in which the numbers of enpty
individuals, or individuals with 1 egg equalled or exceeded the number of
individuals with two eggs were given the value 3, whilst those in which the
vast majority of individuals were enpty were given the value 1. | do ndt
claim any theoretical significance for this formula, which | have adopted
solely on the grounds that it condenses unwieldy observations into a
manageable form whilst s till showing their main features. It is clear that
any useful formula must include the frequency, abundance, and egg-number of
the *ecies, as this formula does, but the only justification | can give for
multiplying the three items of information together instead of adding them

is that by this means | obtained figures that better expressed the



conclusions that | had drawnfrom ny observations, than | did by adding them.

The table shows that the distributions of the species are strongly
in agreement with their principal food as determined by an examination of
gut contents. At the time | had not determined the gut-contents of

fkiLTOXUS
Beraeontha truncatK”?and Alonopsis elongata. but these field observations

enabled ne to predict, what | afterwards found to be true that g%ggﬁﬁla
truncatapfeeds largely on Algae, vdiilst Alonopsis elongata is mainly a
detritus feeder. Thus observations of the distribution of littoral
Cladocera confirm the conclusions dervied fi*om the study of their gut-
contents, that they fall into two groups of algal and detritus feeders.

Since that date | have collected many more records of these and
other ”ecies, but as they merely confirm the conclusions | have reached, |
shall not deal with them in detail. Two cases of change in relative
abundance of species® which | have observed, seem to be connected directly
with.changes in the nature of the available food. During August 1949 there
was an abundance of bottom algae in Low Wray Bay, Windermere, and this was
correlated with an abundance of Sida crystalline> and Simocephalus vetulus.
Later, at the beginning of September the algae had become much scarcer, but
detritus was more abundant. Collections showed that Sida crystallina was
scarcer, but Eurycercus lamellatus more abundant, whilst Simocephalus
exspinosus had been largely replaced by Simocephalus vetulus.

The investigation of the distribution of planktonic Cladocera, and
the pond Daphnias, in relation to algae, proved to be much more difficult.
In such an investigation it is useless to consider only the algae cau”t by

a phytoplankton*et since most of these are too large to be regularly eaten

by Cladocera. They also form only a very small xraction of the algae
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produced in most lakes. It is necessary to examine the total seston (l.E.
the total suspended matter on the water). There are various techniques for

obtaining samples of the total seston# The most convenient, idiich |

adopted is to collect a known volume of water, and precipitate its contained
matter by means of iodine#  The seston can thus be concentrated and its
total volume obtained. Since we have not a reversed microscope in this
laboratory it was necessary to adopt an improvised method of making algal
counts# A drop of concentrated fluid was placed on a microscope slide and
the numbers of the various types of algae, detritus, ciliates and bacteria in
20 smaple fieldas were counted. @ The observations were made with a x40
objective. Owing to lack of apparatus it was only possible to obtain
samples from the surface layers of the pools and lakes examined, so that the
results were not fully representative of the conditions throughout the
habitat.

Collections of Cladocera were also confined to the surface layers.
Since it was clearly impossible to obtain exact quantitative collections for
all habitats, the results of these collections were expressed ingpneral terms
of relative abundance.

I have made such joint observations of algae and Cladocera at
frequent intervals on the Lake and pools in Regent’s Park, and have also
made occasional, less thorough, observations on other habitats, during a
period of just over a year. A large and somewhat chaotic mass of data
has resulted which | have not yet succeeded in reducing to simple
formulation. For this reason | shall not give these results in detail here,
since the full original data would not be informative, whilst aiy

condensations that | may make at this time would be misleading. However,
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whilst for the most part, ny results do not indicate aiy definite
conclusions, and so fall into line with the experience of the majority of
investigators, a few special features are worth noting. A point of
particular interest that has emerged is the association of Daohnia cucullata
with lakes and pools in which small Chrysophyceae and other flagellates or
the smaller gydote11a spp. are abundant. In appendix 2 | have given all
the records | have for this species, in which | also have records of the
algae present. It is obvious that it is more strongly associated with these
small organisms, than with the Myxophyceae. In the past the species has
been considered to be especially characteristic of those eutrojtoc lakes
which have rich populations of %xophyceae (Wesenberg-Lund 1926, Wagler 1923).
This apparent correlation with eutrophic ladces seems to ne to be largely
accidental. As is well-known (Wesenberg-Lund 1926, Wagler 1923, Berg 1931)
Daphnia cucullata is more characteristic of shallow lakes than is D.hyalina;
this tendency to occur in shallow lakes, coupled with its apparent need for
a very rich nannoplankton, w ill normally result in it occuring mainly in
eutrophic lakes. Under special conditions however it mi*t occur in
habitats that were not particularly eutrophic, provided that suitable food
Algae were abundant. The localities which | list from Jutland are all
considered to be conparatively oligotrophic, by the staff of the Hilleréd
laboratory, vhilst Hampstead 3 does not appear to me to be very eutrophic.
A less definite, but s till well-marked correlation between the
flourishing nature of the Daphnia populations and the available small Algae
is shown by the Daphnia spp. in the pools in Bedford College Botany Garden.
Records for one of these pools are given in appendix 5° The behaviour of

the populations in this pool can be taken as typical of all of them.
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It is clear therefore that the occurence and abundance of some
planktonic Cladocera is associated with the presence of an adequate food-
supply in the form of nannoplankton Algae* This may be true for the other
species also, but ny records for them are subject to too maiy cong)licating
factors for ne to state this with certainly#

An observation vhich is of interest in view of the small size of
the particles consumed by Cladocera in larger waters is the relative
abundance of the more minute species of algae in lakes ais compared with
typical Daphnia ponds# This is clearly brought out in table 1? vhere |
have given the percentages of algae which normally attain a size of less than
20” in different collections from Regent*s Park Lake and some Daphnia
ponds# Thus the generally smaller size of the algae consumed by planktonic
Cladocera from larger waters as compared with those consumed by pond
Cladocera, may be partly a reflection of a smaller average size of the
available algae, in the habitat#

My algal records are of some interest from a purely algological
viewpoint, quite apart from their connection with Cladocera#  Nannoplanktonic
algae, and especially those of pools have not received much attention in the
British Isles# Thus mary of the species which | have found appear to be
rare, on the basis of published records, and several were not discovered
until after the publication of West and Pritsch (1926)# Certain of them
seem, nevertheless to be somewhat coomon in the pools and small lakes around
Londor# Particularly comon is Spermatozopsis which | have found in most
of the habitats idiich | have e xamined# Other supposedly rare species which
| have found not uncommonly” include Nephrochloris angulata* Chodatella

sfetbsalsa## and Chroomonas acuta# ’Rarities’ which | have found less
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commonly are Scourfieldia cordata* Elakatothrix gelatinosa f» biplex*
Stenocalyx monilifera (recorded by Lund 1942), Pseudokephyrion conicum# a
beautiful and distinctive i*ecies not previoualy recorded, spp. of Kepbyrion
and Kephyriopsis# Pyramimonas and Brachiomonas westiana# The last two
species have been known from Regent’s Park Lake for some years, and s till
occur there# A coomon diatom in this Inke, which | had recorded as
Gydote11a species, was identified for nme by Dr. Lund as Stephanodiscus
dubius not previously recorded from Great Britain. The lake has also a
somewhat peculiar Cladoceran fauna, but unfortunately insufficient is known
concerning the detailed distribution of the smaller Algae in the British
Isles, for one to be able to draw aiy safe conclusions from this coincidence.
Culture observations.

My experience with the culturing of certain Cladocera has a bearing
on the question of their normal food. As | have pointed out above | have
never obtained really flourishing cultures of pond Daphnias, sdien | have fed
these on bacterial infusions. This suggests that these species are not
primarily bacterial feeders. On the other hand flourishing cultures are
obtained with ChloreHa. "?diich is in agreement with ny conclusions from
other observations that these species are primarily algal feeders. Other
species idiich | have reared successfully on a diet of Chlore11a include
Daidinia hyalina lacustris. Ceriodaphnia dubia. Moina macrocopa, Moina
rectirostris. Bosmina longirostris, and Macrothrix hirsuticornis. On the
other hand | have not been very successful in culturing Daphnia ambigua and
Daphnia cucullata by this method. @ The adults appear to flourish and lay
eggs but very few of the young survive. Chlore11a is not an exceptionally

digestible alga, and it may well be that the young of these species cannot
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digest it. My general experience with these cultures is that algae ftonn a
much more satisfactoiy food for mary Cladocera than do Bacteria.

Yeast however seems to be jst as good a food As Chlorella.
though it has other disadvantages as a source of nourishment in cultures.
Thus it is probable that a number of small unicellular fungi, and perhaps
also colourless flagellates are sometimes important sources of food for
Daphnia. However such forms are normally very much rarer in nature than
the nannoplanktonic Al*e and so are not normally of great inportance in
the ecology of species of Cladocera.

I»fethod of feeding.

Whilst | have not been primarily concerned with feeding methods,
some of my observations do have a bearing on them#

I have noted that the majority of workers have assumed that the
Cladocera are filter-feeders, though on inadequate grounds. If this were
the case one would expect that the closeness of the filtratory setae would
be correlated with the size of the food-particles consumed. @ Moreorer it
would not be likely that the size of the food-particles taken would be much
larger tiian the size of the meshes of the ’filter.*

In order to test whether this was so in various Daphnia *p. |
decided to examine closely the seBae on the ’filtratory’ endites. It was
necessary in addition to examine the spacing of the setules on these setae
as they also limit the pore-size of the ‘filtratory’ grid.

This proved to be a diffijjcult and lengthy task so that only a
few individuals could be examined. Since it was necessary to examine the
limbs under very high powers, they had first to be dissected out and

permanently mounted. Euparol was chosen as the permanent mountant, since
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it is easy to use and has a lower refractive index than Canada Balsam, thus
making the finer chitinous structures easier to observe. | also fbund it
advantageous to stain the limbs with a chitin stain. Three such stains were
tried. Light Creen C.T. no.670, Chlorazol Black (as described by Cannon 1937,
1941), and Lignin Pink (also described by Cannon 1941)c The last proved to
be the most satisfactory when used in conjunction with a green filter. The
animals were stained prior to dissection. This had two advantages, there
was less chance of losing the dissected limbs, and the staining could be
allowed to proceed for an indefinite length of time, according to convenience”

For dissection the specimen® was placed in a drop of a 30 mixture
of Euparol and Benzyl Alcohol, which remains fluid indefinitely, and the
dissectionw asperformed by means of a Harding micro-dissector (Harding 19;‘(9),
using tungsten needles,: The dissected limbs were then transferred with
a fine mounted needle to drops of the Euparol-bengyl alcohol mixture on
another slide. When a whole series had been obtained this ni xture was
sucked o ff, using a veiy fine semi-micro-pipette, and replaced by drops of
Euparol, the whole was then covered by long cover slip. After standing in
a warm room overni*t the slides were dry enou? for examination.

The slides were examined using a Cooke Troughton research
microscope with a monocular eye-piece of x 12 magnification, containing a
i mm eye-piece grid. Ordinary illumination was satisfactory for counting
the setae but *ecial methods were necessary for counting the setules. For
this purpose a i/12 inch or a I/16 inch oil-immersion objective was
necessary. An achromatic oil-immersion condenser was used. | found it
best to use an ordinary achromatic microscope lamp, with the beam so

arranged that it did not focus exactly in the centre of the microscope field
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but slightly to one side, the condenser also being sli* tly out of focus.

I cannot justify this by theoretical arguments but it certainly gave

better definition than normal methods of illumination. axq n/er€
CoaKtT€c( hy TK(tis of'tAcir étisccl
The results which | have obtained are given in table 18. It soon

became obvious that too many possible causes of variation were involved to
enable me to use them to check the ’filtration* hypothesis in detail. Thus
the closeness of both setae and setules varies with the age of the
individual, the setae being much closer together in young individuals. |
have not been able to detect any striking differences in the food of young
and old individuals, but it is possible that the associated size difference
ofsets the effect of the difference in closeness of setae. In favour of
the filtratory hypothesis is the fact that the setae and setules are more
closely set in the more lacustrine species. Here again however there are
associated differences in size, which migjit in this case be the real cause
of this apparent correlation between the lacustrine habitat and the closeness
of the setae.

Several features do not favour the filtratory hypothesis. Thus
the closeness of the filtratory setae does not exactly parallel the closeness
of the setules. The closeness of the setae and the setules shows rather
wide individual variation and may be different on different limbs of the
same animal. Finally, even in Daphnia magna. the setules are extremely
close together. The distances between setules of about **o XfBXQ very
much less than the average size of the particles which | have observed in the
guts of these species. No doubt some filtration inevitably occurs, and
these figures show that it would allow Daphnia to obtain particles of

colloidal dimensions. This agrees with the conclusions of (xell/s Clarke
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who showed that Daphnia can utilise colloidal organic matter to a limited
degree# However since these very small particles are a very subsidiary
source of food, it is not easy to see why the ’filtratory’ setae are so
closely set.

Thus the results do not enable me to giv"aclear verdict on whether
or no Daphnia is a filter feeder, though they make it clear that filtration
of very small particles is possible. My observations have convinced me,
however, that filter-feeding is not in itself adequate to explain the type
of food taken by many Cladocera. I find it inpossible to assume that very
large Algae sudi as Botryococcus, or filamentous Algae such as Tribonema are
filtered off by the thoracic limbs. Mapy of these forms are, in fact,
considerably longer than the interspace between the filtratory limbs.

I have noted that Lochhead (1936), whilst adhering to the
filtratory hypothesis, remarks that in Penilia avirostids the majority of
food-particles vAiich he observed passed straight into the ventral food-
groove, without approaching the ’filter’ setae. I have on several occasions
watched Sida crystallina and Simocephalus vetulus feeding, and can confirm
that in both these species the food-partides mostly pass directly in the
ventral food-grove, without approaching the lateral setae. I have not been
able to check this for Daphnia since it is not possible to obtain such a
clear ventral view of members of this genus. Thus in several species of
Sididae and Daphniidae the filtratory hypothesis cannot possibly hold, and
further evidence will be necessary, before it can be considered to be
established for ary.

On the evidence at present available it is,more correct to **"rm

th”"se forms vortex feeders.
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If the primary function of the ’filter* seatae is not filtration,
some other explanation is necessary for their marked regularity. My own
idea is that they function in a manner intermediate between that of valves
and that of aerilons, at once controlling the strength of the feeding current
and its smoothness. If this were so it would perhaps agree with the
observation that they tend to be more closely set in the larger species,
since more open setation would presumably allow a more powerful current to be
produced for the same expenditure of energy. The open-ness of the setation
would however be limited by -turbidity effects. Unfortunately I am not
sufficiently aquainted with t he principles of hydrodynamics to judge
ev*ether or no this theory is mechanically feasible and I have not been able
to find anyone who could tell me this. Thus I merely hazard the idea as a
possible explanation.

I am of the opinion that it is even less correct to describe many
of the Chydoridae as filter-feeders, than it is for the Daphniidae. Even
on morphological grounds alone it seems unlikely that such a mechanism

could be of prime inportance, since the filtratory endites are often of

extremely small size in comparison to the other limb elements (see for
instance the drawings in Lilljeborg’s Cladocera Sueciae (1900) ). On the
other hand the first limb may be very large and somevhat projecting.
Chydorus sphaericus. in particular, often appears to be scraping particles
from the surface of filamentous Algae by means of -these limbs, and such a
feeding mechanism may be more gensral. Unfortunately I have not been able
to interpret the exact feeding mechanism, owing to the small size of the
individuals and the crowded arrangement of their limbs. It is, however,

noteworthy that the gut-contents of some “ecies, and especially
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Eurycercus lamellatus suggest that they may feed hy non-filtratoiy

mechanismso "M conclusion from these observations is, that the feeding of
Cladocera needs thorou”ily re-examining; and that this re-examination should
not be purely morphological#

Summary and discussion#

My conclusions mth regard to the feeding of Cladocera may be
summarized as follows %

Littoral and bottonb-living Cladocera can be divided into two
groups; those which feed mainly on Algae, and those which feed mainly on
detritus of vegetable origin# The occurence of these species corresponds
very well with iheir food-requirements#

Some species certainly show selective feeding, but this msy depend
on selection of feeding sites.

With the exception of these species there seems to be little
selection of particles, other than that between Algae and detritus, save
that no particles are consumed greater than a maximum size, which seems to
be determined purely mechanically by the internal diameter of the gut#

It is more difficult to define the food requirements of the more
or less planktonic Cladocera, but several lines of evidence indicate that
this is probably in most cases provided mainly by nannoplankton Algae# I
have no evidence for extensive bacterial feeding in any species.

Planktonic Cladocera, seem to be largely unselective in their
method of feeding, and several species can exist, though not flourish in the
absence of Algae. Daphnia longispina is probably less dependent on Algae
than most species; but Daphnia cucullata on the other hand appears to be

absolutely dependent on the presence of adequate supplies of minute Algae#
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Feeding observations, and the examination of gut-contents suggest
that true filter-feeding is not the most important method of feeding in many
species# The Daphniidae and Sididae are perhaps best described as vortex
feeders#

The digestive powers of different species of Cladocera vary
considerably, nevertheless certain general statements can be made in
regard to the digestibility of Algae# As Lefévre stated, small thin-walled
Algae seem to be more digestible than large thick-walled species# However
this stetement does not apply to forms with pores in their cell-walls, which
are often readily digestible; or to forms -which are enveloped in large
masses of mucilage, which are often indigestible#

Part 20 General ecological survey#

In addition to the rather thorough investigations of food and
temperature which I have dealt with above, I have made a general survey of
the ecology of the Cladocera, based on field-collections in a large number
of localities in England, Scotland, and Denmark# In some areas as in
S. Yorkshire, and the London area, I have been able to make collections in
all seasons, but in Scotland, the lake District, and Denmark, my collections

were confined to the summer months#

In all habitats I used standard collecting methods; but for
investigating the distribution of littoral Cladocera I used a small net only
S5a inches in diameter, instead of the more usual 8” to 10” net since this
enables me to localise the origin of my collections more exactly.

CCoiogt\al
The eeomdistribution of non-planktonic Cladocera has been little

studied, and the group has usually been neglected by general ecologists, so

that there are comparatively few surveys with vdiich mine can be coBpared#
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The most important of these for western european forms are those of Poulsen
(1928), Berg (1929, 1931), and Pacaud (1939). A number of surveys of
limited areas in the British Isles such as those of Scourfield on the
Entomostraca of Epping Forest (I@98), and of N# Wales ( /S?5 ); of Gumey
on the zooplankton of the Lake district (1923), which also includes
reference to the non-plankton species of the high tarns; and of Jenkin

on the Cladocera of Wicken Fen, are also of interest* A number of
other papers are of more limited interest, and | shall refer to these when
they have some bearing on ny results*

Following the pattern introduced by Danish authors | shall give
fivt a survey of my records and conclusions concerning individual i*ecies,
and follow this by discussions of the more important environmental factors
in relation to the whole group*

Sida crystallina*

Loch Altabruig, 31*8%48., veiy scarce; Loch a* Phuirt Ruaith,
7.9%48., very numerous; W. Loch Eilean a* Ghille, 8%9.48., abundant in
weeds; Loch Teanga, 9.9.48., abundant, males present; Loch Druidibeg 111,
9*%9.48., Scarce; hill pool. Loch Skiport, 9%9.48., one male only; Wray
Boat Dock, Windermere, 5.8%*49., veiy abundant, 12.8%*49., very abundant,
30*8*49., numerous eggs low; Wray Boathouse, Windermere, 12.8.49., not
numerous, eggs high, 30*8*49., numerous, eggs low; Wray Jetty, Windermere,
8.8%49., very abundant, eggs high, 12.8%49., extremely abundant, eggs hi”";
30*8*49. numerous eggs low; Low Wray Bay, Windermere, 5.8%49., scarce,
8.8%49., very abundant, 12*8.49., scarce; Borran’s Field, Windermere,

6*8%49., behind reeds, scarce, eggs moderate; 11*8%49., not very
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numerous, eggs hi*; Pull Wyke, Windermere, 12*8*49., outside reeds, very-
scarce; High Wray I, Windermere, 16*8.49#, not numerous, eggs low; Higji
Wray |1, Windermere, 16%8.49., numerous eggs low; Blelham Ic, 4.8%*49%#,
numerous; Blelham la 18*8.49#, not very numerous, eggs high; Blelham I1,
8*8.49., scarce, mostly young; Blelham H la, scarce; Blelham H b,
1918*49., very abundant eggs hi”; Blelham Iva, 19%8*49., not very numerous,
young only; Blelham Outflow, 8.8%49., very abundant; Tarn Hows I,
13.8%49., very scarce, young only; Tam Hows |1, 13.8%*49# not numerous,
mostly young, 27.8.49., very scarce young only; Tann Hows Ill, 13%8.49.,
very numerous, eggs low, 27%8.49., very numerous; Coniston I, 13*8.49.,
very scarce; Coniston Il 20.8.49., numerous, eggs low to moderate;
Wharton Tarn, 14.8.49., abundant eggs moderate;  Wray Mires |l very
numerous, eggs hi”; Wiseen |1, abundant, eggs low; Blterwater, 30.8.49.,
young only; Hampstead 1, 1*11.48*%, not very numerous, males present;
Hanpstead 2, 1*11*48., scarce, males present; Hanpstead 3, outside reeds
only, scarce, males present; Little Stanmore 2, 9.7%49., numerous in
Potamogeton* scarce in clear water, 12.10%*49., not very numerous in thin

and scarce in thick weeds, eggs low; Highgate 2, 5.7.50., very numerous in
clear, abundant in thin flags, eggs moderate; Highgate 3, 5.7.50% not very
numerous, mostly young, eggs moderate; Badstue Dam, 20*7.50., very scarce,
eggs hi”; numerous, most young, adults 16, and 7 eggs; Prederiksborg
Slotssd I, 21%7.50%, not numerous, young only; Slotssb 11,21*7#50% , one
young; Slotss6, H I, 25.7.50, numerous, young very numerous, eggs very low;
SlotssO 1V, 9.8*50, numerous, eggs low; Teylgaard 88, 22*7.50%, numerous,
eggs low, at edge of reeds, very numerous, all young, in Nuphar; 2*9.50%,

not numerous, young only, thick reeds, scarce, young only in clear water;
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Esrum 86 I, 25.7.50., very numerous, eggs low; Bastrup 86, 10.8*50.,
young numerous, adults scarce, eggs low, in moderate reeds; Karlssé,
19.8*50., very scarce, mostly small; Arress6 11, 22*8*50., one with few
eggs; Arress6 111, 22*8*50., very numerous, eggs very low; Madum 86 I1,
9.8%50., numerous, most young; Madum 86, III, 9.9.50., abundant; Madum
86 IV, one young only; Borress6, 10*9.50., very numerous in Nuphar,
numerous at edge of reeds; Alminds6, 11%9.50., very scarce, young only*

Except for details most authors are agreed on the principal
features of the ecology of this i“ecies* It is known as a form
characteristic of the weedy margins of larger waters, or more rarely pools
with clean water* According to Poulsen (1928), and Pacaud (1939),it is
most usual in moderately acidto moderately alkaline waters#

Brown (1929) considers that it is a cold-water species, but
Poulsen (1939) states that its northern limits are Iceland and 8candinavia,
and that it is commoner in Central than in Northern Europe*

results agree well with this general opinion. The

restriction to weedy waters is not absolute as the records from the
Hanpstead and Highgate Pools show* The sp”ies appears to avoid very thick
vegetation, and as Berg (1929) states, it is much commoner amongst Nuphar»
Potamogeton, and similar plants, than it is in reed-beds* Strangely
Poulsen (1928), seems to hold the opposite opinion. It is probable that
these preferences are a reflection of its algal diet (see above?*)

My results indicate that in western Europeit is neither acold-
water nor a warm-water form* I have rarely found it in winter, which
suggests that in England, as in Denmark (Berg, 1929), it does not normally

survive the winter as adult individuals*
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Diaphanosoma brachyuruin

I have records of this species from the following habitats;
Windermere, inshore after a storm and very scare; Blelham, several stations,
and numerous at some; Codale Tam, very scarce; Wray Mires I, scarce;
Wiseen H, very scarce; Derwentwater, veiy scarce; Eydalwater, abundant,
few eggs; Badstue Dam, 20%7.50., scarce eggs low, 30%8%50., very numerous,
eggs low; Teylegaaxd 86, 22.7.50*%, not numerous, males, 2%9.50%, very
scarce, males and ephippial females; +~g 86, very scarce, eggs 0 ; 6
Dam, scarce, eggs very low; Bure 86, plankton only eggs low; Arress6, I,
scarce, young only, H, very numerous, males. III, very numerous mostly
young, IV, one young only; [Elless6, collection was in thick reeds, one
without eggs*

In my records for this species I have treated D* leuchtenbergianum*
as a nere form, following Berg (1929) and Rylov (1935). Individual
variation is considerable, and I have found more than one population
showing all intermediates between the two supposed European “ecies. For
similar reasons I have not attenpted to distinguish the various described
varieties, indeed the majority of the populations which I have examined
could not be ascribed to aiy described variety* The whole genus is in need
of thorough revision (see for instance Brehm 1933)* and uhtil this has been
performed no useful purpose can be served by attenpti% too fine
descrimination in such a study as this*

The genus as a whole is most abundant in the tropics, and
D* brachyurum is also to some extent southerly in distribution, reaching its
northern limits in the British Isles and 8candinavia® It is also a summer

species (Wesenberg-Lund 1926)* My records suggest that it may have already
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past its apogee by late July, as none of the populations which I have found
were really flourishing. On the other hand it seems unlikely that
temperature is the principal restricting factor in the northern portion of
its range. I have found it in Codale Tam at an altitude of 1528 feet,
whilst Gurney (1923), records it as the dominant crustacean in October, in
G-reendale Tam, altitude 1320 feet, when the water was ’very cold. * The
species is a typical planktonic form, thou” sometimes found in ponds, and
amongst weeds, (joulsen 1928, Berg 1929), and my records agree with this.

Except for the record from Codale Tam all my records are from
alkaline or slightly acid waters; but I attach no inportance to this, as
several investigators have found it in strongly acid waters (Hamisch 1929),
Hubault 1932, Krasnodebski 1937), Pacaud (1939) only finds it in strongly
acid localities when these are peaty; -sdiilst Poulsen (1928) states that it
is rare in strongly acid waters*

Though I have found the species in pools, I have not found it in
very small pools. A point of interest is that I find it much easier to
collect this species in the littoral region of smaller waters than in the
littoral region of larger waters. In this it agrees with a number of
planktonic forms. The observation has a bearing on the question of ’littoral’
avoidance.’ A somewhat surprising feature is the apparent rarity of this
species in the London area, where there are a large number of apparently
suitable habitats. It is recorded from the area (Baird 1850, Scourfield
1898) but I have not found it, and it has never to my knowledge occured in
any of the numerous collections made by our limnology students in the past
three years. It is difficult to suggest a reason for this, though it may

possibly be a consequence of atmospheric pollution.
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Latona setifera.

Tam Hows I, 15.8.50., scarce, 27.8.50%, scarce; Tarn Hows 11
27.8.50., very scarce, hi”® egg number; Coniston H, 13.8.50”, very scarce;
Badstue Dam 20.7.50., scarce, mostly young; Storre Gribso 11, 3%8.50.,
scarce, egg-number very low; Storre Gribs6 IV, 3%8.50., very scarce, egg-
number very low.

The recorded opinions on the occurence of this species are so
conflicting that it is impossible to reconcile them. Birge (1918) states
that it is widely distributed, though scarce amongst weeds in ponds and lakes,
in N. America. Berg (1929) says it is found in Denmark only in miry places
at to 2 ms depth in small lakes and ponds. P.E. Miller (1858), holds
similar views, vhilst Lilljeborg (1900) gives a similar distribution in
Sweden. Scourfield (1912) records it from a small peaty pool in western
Ireland.

Opposed to these views, Scourfield and Harding (1941) say it occurs
on the bottom near the shore, and to moderate depths in lakes; w hilst
G.O. Sars (I865) says that it occurs only in fdrly large lakes, and never
near the shore, being commonest at about 2 fathom. Pacaud (1939) does not
record it from ponds in France.

Scourfield*s list of Lake District Cladocera (Scourfield Ms.),
shows that the species occurs in a number of the large English Lakes.

It seems clear from this that there must be biological differences

rAfi€SetUrcilif/s ¢ ( ¢Mssp”ctes ik Ary
between the oupcr-popuT,ation4 of different parts of the apooieo range. My
collections support this hypothesis. My two English records are both from

A,
large waters. In both, the bottom was stony” rather*muddy, and the
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individuals were obtained from exposed shores at depths of *# to 2 metres.
Since according to Berg (1929) Latona is a well-adapted burrowing form
(though in nmy opinion it rather rests on the surface of mud than sinks into
it), it seems probable that the specimens | caught were strays from deeper
water. Despite the large number of lakelets and small ponds in which I
have collected, | have not found it else-vriiere in England. On the other hand
| succeeded in rediscovering it in both of Berg*s Danish Localities, in
which | collected, in places where the bottom was largely of sand andsilt,
though perhaps not strictly miry. Itdid not appear in any of ny
collections from larger Danish Lakes, even from stations vhich would appear
to provide suitable habitats. #

The possibility that there are really two very similar “ecies
confused under the one name, mustbe borne in mind. However, thou” | have
seen too few specimens to examine thiscritically, | think that it is
unlikely. There are certainly no obvious differences between the Danish
and English forms. Thus it would appear that there are”rather, a number
of races, separated both geographically and ecologically, but showing little
or no morphological difference.

Holopedium gibberum.

Windermere, North Basin, 8.3.48., on”nly; Grasmere 30.8.49.,
scarce, large; Rydal Water 30.8.49#, very numerous, all small.

My few records do not allow ne to add much to vhat is already
known concerning this strange species, the ecology of which has been rather
thoroughly treated by Thienemann (1926), and

The Acies is common in Grasmere and Sydal Water throu”out the

summer (Scourfield Ms.), but it seems more usually to disappear aifter late
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spring. This probably accounts for ny failure to find it in S. Uist, where
it almost certainly occurs. It was certainly absent from Madum SO at the
time of ny visit, thou”? this lake is famous as its only known Danish
locality.

The genus Daphnia.

| have treated the systematics of this genus at some length in a
paper, now ready for the press. | am including a manuscript copy of this
paper with ny thesis.

It is rather difficult to obtain accurate records of the natural
occurence of the pond Daphnias, since in a number of ponds in which they
occur, they have certainly been introduced, whilst in others they probably
have been. Thus the figures for the relative abundance of these species
derived from habitat counts in an area such as the London area may be
grossly misleading. In the following | have ignored all records for
localities in which there is a suspicion of deliberate introduction, except
for the pools in Bedford College Botary Gardens. At one time or another in
the few years prior to the commencement of ny research, representatives of
almost every pond species save Daphnia atkinsoni, had been introduced into
almost all the%pools. In particular | know that D. magna was introduced
into the Water Lily Pond, and Pool 2, of the main series, but failed to
survive. When | first commenced to investigate these pools no
introductions had been made for some time, ani the species present had
become sorted out into populations which have remained fairly
characteristic of the different pools ever since. Thus these pools provide
an opportunity for studying the selective effect of environment, without the

usually complicating possibility of accidental absence or presence.
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Daphnia magna

Ringmere, Thetford, 10.7.48., one ephippixam; Trough |, Hanpton
Waterworks, 25*11.48., numerous, egg-number hi” ; Trou”? |1, Hanpton Water
Works, 25.11.48., very scarce, mostly young; Thames at Hanpton 27*1*49*,
a few ephippia; Brent Decoy Pond, 27*11.48., abundant, 6.1.49*, abundant
some ephppiate; 29*4*49*, a few large old individuals,many young, 12.5*49*,
very numerous, in swarms, few eggs, few are large; 25.5*49*, very numerous,
few large, egg-number low, 3*6.49*, very numerous, very few old, 7*6.49%,
abundant, in swarms, egg-number low, some ephippiate; Pool 5, Botany
Garden 21.10.49*, numerous, eggs c.l2| 8.11.49*, numerous, eggs 4 (I to 8),
22.11.49., numerous, no eggs, 12.12.49*, under ice, scarce, no eggs, 16.1.49%,
8°C, scarce, no eggs, 25*4*50., numerous eggs c.20, some males, 7*6.50., 21°C
very numerous, 10.7*50., 17*520, abundant, egg-number 15.1 (IO to 22);
8.8.50, abundant, eggs c.lIO (8 to 12), 14*10.50., abundant, egg-number 4*6
(O to 10), 17.11.50., almost all empty; Pool 4, Botany Geurden, 21.10.49%,
very abundant, eggs 6 to 12, 8.11.49*, numerous, eggs 6 to 8, 12.12.49*,
under ice, one male; Pool 4b, Botany Garden, 22.11.49*, scarce 0 eggs;
Pool 7, Botany Garden, 8.11.49*, scarce, ,22.11.49*, sceirce, 0 eggs, 12.12.49*,
under ice, very scarce, no eggs, 7*6.50., 23°C, scarce, eggs 4, 8.8.50.,
very numerous, mostly young, 14.10.50., numerous all apparently eac>1y,
17*11.50., abundant, all empty.

There is veiy considerable difference of opinion on most points
concerning the distribution of this species, vhich one can only conclude

must affect somewhat different habitats in different countries.

Scandinavian authors, as Berg (1931), and Wesenberg-Lund (1926).
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consider that it is almost completely confined to small, highly polluted
village ponds. Pacaud (1939) has never found it in such pools, and on the
basis of his own experience and that of Grasse (unpublished), he concludes
that the species is characteristic of small pools with much suspended
matter but not very hi*ly polluted.

Scourfield and Harding (1941), regard it as rather rare, occuring
in warm waters, in small ponds, or little bays of larger waters. It has
a southern distribution in this country. On the other hand Brown (1929)
disagrees with most European author’s, in considering it a northern, cold-
water form.

In regard to habitat, my experience agrees with that of Pacaud,
rather than that of the Danish authors. The species is recorded from
hi*ly polluted, cattle ponds, in this country, but I have never found it in
such places, except in the ground s of the Zoological Society, where it has
certainly been repeatedly introduced. Of the many records of Daphnia
localities, which we possess in ihl/s department, none of those for D. magna
refer to this sort of habitat. With one exception, my localities, and
those known to me, are sli” tly polluted, rather turbid pools, from %to 2 ms
deep. Most are smsiill, but Brent Decoy Pond is of moderate size. On the
whole the species seems to prefer sli” tly larger and deeper habitats than
D. obtusa. with which it may often be associated. It is noteworthy that the
only pond in the college Botany Garden, in which it has firmly established
itself is the largest and deepest of the main series. The reocrds from
King George VI Reservoir are of great interest. The specimens obtained
from this locality were taken by a surface plankton tow in water of adspth

of about 15 ms. The population appeared to be fiimly established. Daphnia
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tflerfl is considered to be the pond-Daphnia, see for instance Wesenberg-Lxmd
(1926), and I know of no instance ?Aiere it has been recorded from the
plankton of a large body of water, thou” the probably derived D. lumholtzi
is strictly planktonic, whilst the allied D. carinata, has given rise to a
whole series of planktonic races (Wagler 1936)$ The only unusual feature
that 1 could discover concerning this reservoir was that it had only been
filled permanently for a few months. Prior to that i&me there had been for
some time a few small pools in the bottom. It seems that D. magna may have
been established in these pools udiich would serve to innoculate the
reservoir. One would be tempted to ascribe its continued presence to
absence of conpetition but it is rather difficult to see how it would
compete with the much smaller lacustrine Daphnias; and, in any case,

D. longispina is already established in the reservoir. At any rate it is
at least clear, that in some circumstances D. magna. can survive under
lacustrine conditions. This observation is inportant in lessening the
apparently large gap between lake and pond Daphnias.

Berg considers that some populations survive the winj?;r, but that
no reproduction occurs when temperatures are consistently below 5*0. This
agrees with ny records, again with the exception of that from King George
VI reservoir. The tenperature at the time of the latter collection from
here was 4*5°C, and Mr. Ryiey informs ne that the temperature had not varied
much from 4°C, for several weeks previously. Yet, in each collection a
proportion of the individuals had some eggs, and maiy young were present in
the second collection. This seems to be another illustration of the rule

that large size of habitat may conpensate for adverse conditions (Macan 1950),
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Daphaai atkinaoni

Tree Pool, Berrylands, 25*1*49*> numerous, 26.3.49,, veiy numerous,
6.4*490, not very numerous, eggs low, o. 60* epl*piate, 6.3*50., abundant,
maty ephippiate, 23,3*50., abundant, many males, many ephippiate, 30,3*50.,
abundant, almost all males and ephippial females, a few with c. 10 eggs;
18.1.51*, not very numerous, eggs 6 to 12; X.12050., scarce; Beriylands
Ditch, 6.4*49,, veiy scarce, males and an intersex present, 18.1.50,, not
very numerous, eggs 6 to 12; W.itt’s Farm, God’s H ill, 31*10.49*, abundant,
egg-number c. 45 (40 to 70+), 6.6.50., not very numerous, eggs 2 (2 to 9),
24 C.

| have already discussed this “ecies at some length and little
need be added here. The habitats which | have seen do not give any clue
as to the causes of the rarity of this species. They appear to share no
obvious feature which is not also shared hy most D. obtusa habitats, except
a sli*t]y greater maximum winter depth, which, hovever, is insignificant.
The partial or complete replacement by Daphnia obtusa. which | have
observed in both pools in hot waather, suggests that conpetition with this
species may be one limiting factor. It cannot be a complete explanation,
since, after all, the species has survivied in these two localities.
Daphnia pulex

Powimere, 1Q.7*48., one young, minnehaha form; Powimere Pool,
10.7*48., abundant, minnehaha form; Cripplegate, 14.11.48., abundant;
Brent Decoy Pond, 27*11*48., abundant, 6.1.49,, abundant, 29*4.49,, numerous,
many ephippia, 12,5%49,, very scarce, 23*5*49*, very scarce, 3*6.49*, very
scarce; Pool 7, Bedford College Botary Garden, 8.11.49*, not veiy numerous,

ephippiate, 22,11.49*, abundant, eggs 0 to 4, mostly ephippiate, 12.12.49.,
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numerous, 0 to 12, maiy ephippiate, under ice; Pool 8, Botany Garden,
21.10.49., not very numerous, almost all ephippiate, 8.11.49., not very
numerous, mostly ephippiate, 22.11.49., numerous, 0 to 4 eggs, many
ephippiate, 12.12.49*> very numerous, egg-number c.6, maiy ephippiate,
16.1.50., very scarce, no eggs; Leg of Mutton pond, Hampstead Heath,
21.10.50., veiy abundant offshore, less so inshore, egg-number 1.5 (O to 3)9
many had been ephippate, 14#10.50., offshore only, veiy abundant, many
ephippiate, 9*11*50., abundant inshore and offshore, egg-number 3*8 (1 to 6),
20.1.50., none; Spejl Dam, 20.7*50., abundant, eggs 3 to 6; Ilynge Dam
11.8.50., very numerous, egg-number 10.5 (9 to 14); Pipervang Pool,
25*7*50., one young only, many ephippia; Badstue Dam, 30.8.50., very
scarce, margins only, eggs c.7*

APublished information about this species is largely unreliable,
except vhere it is applicable to the vdiole ’pulex’ group, owing to confusion
with other species.

There is considerable doubt as to many of the requirements of the
species. Thus Strom (1926) claims that it does not occur vdien the pH. is
less than 6.5, but Passowicz (1935) has found the species (s.lat.) down to
pH. 5*1, and Pacaud (1939), also dealing with the broad *ecies, says it
can live in humic localities from pH. 4*9 to 10, though most commonly in
nearly naturalmwaters. He also states that it is almost invariably present
in cattle polluted ponds, where these are not dystrophic, but such records
probably refer mainly to D. obtusa and D. curvirostris. @ Wesenberg)lund
(1926), on the other hand, states that it is characteristic of small, clear,
particularly forest pools, and also the littoral region of the smaller

lakes; but it is clear from his account that he confuses the species with
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D. longispina»

Both Wesehberg-Limd and Ostwald (1904), state that the species
(s. late), cannot reproduce under ice. This agrees with the records of
Poulsen (1940b), and with ny records, so far as D. pulex s«s. is concerned.
On the other hand it will reproduce at very low temperatures in the

laboratory.

Scourfield (1942) considers that it is more typical of larger and
less turbid pools than D. obtusa.

It appears to be the only i“cies of the group which occurs in
the arctic, judging from published figures and descriptions (Poulsen 1939,
1940, Efeman 1904 etc.). It was certainly the only pond Daphnia present in
collections which | have examined from Bear Island.

collections strongly confirm the view that this species prefers
larger pools than éseo D. obtusa. localities are mostly of moderate
size, and from one to two meters deep. They are slightly but only very
sli* tly polluted. I have never found the species in heavily polluted
ponds. It may occur in very small pools such as pools 7 and 8 in the
college Botary Garden, and the Pipervang pool, vdiich are all mere puddiles.
It may be significant that all of these contained many dead leaves. It is
clearly less well adapted to these than the other species of the group, since
it has subsequently been replaced by these in the college pools.

The larger pools which this species inhabits are admittedly less
turbid than those that are typical of D. obtusa. but | doubt whether this
has any real connection with the absence of ventral setae in ihis i*ecies.
The setae are also absent in D. curvirostris, which inhabits similar

localities to D. obtusa; whilst they are present in species of Ceriodaphnia.
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which are not found in very turbid habitats.

Daphnia pulex. is commonly spoken of as the common water-flea,
but it is clearly rather rare in England, in conparison with most species of
the genus. Its occurence strongly suggests that it is am unsuccessful
form, vhich is restricted in it s distribution by competition with D. obtusa,
and D. longispina. In the narrow range of habitats intermediate between
those most characteristic of these two species it is the dominant Gladoceran.
Daphnia obtusa

I have records of this species from the following habitats;
Hoober Pool, 413*982, S. Yorks, 19.8.49*, very abundant; Statue Pond,
Queen Mary’s Garden, it was numerous thrcutout the winter 1948 - 1949, and
was abundant by April, 1949, eggs 5 to 7; subsequently gold fish were
introduced into the pool and by the middle of June it had disappeared thou”
the last survivors showed a hi* egg-number; it re-appeared as a few
individuals with egg-number c.20 in April 1950, but did not become numerous,
thou”? a few individuals were s tilla few present on 17*8.50. Deep pool and
Pool 1, Berrylands, abundant and flourishing throu”out the lasttwo winters,
it persists until the pools dry up; on 21.6.40,, tenperature 26°C, it was
s till numerous with 12 to 20 eggs; the highest egg-number | have recorded
for this locality was 42; Newt Pond, Putney Heath, on several occasions,
at all seasons in small numbers, thou® sometimes with high egg-number;
Curling Pond I, Putney Heath, 24*3*48. : Kingsmere, Putney Heath, June and
November, in abundance: Island Pond, Queen Mary’s Garden, 28.4*49*,
scarce, 17*5*50*, very scarce; Pools in Bedford College Botany Garden; it
has occured in all these pools; it is sporadic in pool 2 and 8; it is

well established in pools 4 to 5, and flourished in pool 7 in the early part
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of 1950; it occurs throughout the year, but is scarce and with few eggs

in winter; the hipesttenperature | recorded was 250, at which tempelature
it never showed a high egg-number; it was largely replaced by D.curvirostris
in the Water Lily Pond, in the summer of 1950; G-lyceida Pond, Leystonstone,
50*10.49#, numerous, no eggs; Snaresbrook Road Pond, 50*10*49*, abundant
egg-numher 5*2; Bomb crater, Bookham Common, 20.2.50.,: Epping Forest,

Pool 5, 25.5.50, 15*5°0, abundant in clear water, c.4 eggs: Leg of Mutton
Pond, Haii¢)stead Heath, 14*10*50., inshore, very scarce, deformed: Grolder’ s
Hill 2, 9*11*50., veiy numerous, all empty; W itt’s Farm,.God’s H ill,
51*10*49*, very abuniant, egg-number 20, 8.6.50., veiy abundant indeed,
egg-number c.l12, x*5*50., none ; Groly 2, Leicester, 6.1.49*, scarce,
young only; Groby 5, Leicester, 6.1.49*, scarce, veiy large, eggs over 20*

This species has so often been confused with varieties of D.pulex,
that almost all records are worthless* The common opinion that it occurs
only in more or less acid waters (Pacaud, 1939, Wagler, 1930), and Tauson’s
statement that too much calcium is detrimental to it (1931), must be due to
such confusions. Certainly the species does occur in acid localities
(the Curling Pond; Colder's Hill 2), but it is much commoner in less acid
waters, and is in fact by far the commonest species of Daphnia in small
ponds even vdien these are highly alkaline*

Scourfield (1943) states that the typical form at least is usually
found in smaller and more turbid pools than D. pulex. I find this to be
true also of the much commoner propinqua form. Al ny localities, and all
others known to me, in England are small pools, and most are very small and
less than Im deep. In the two largest pools from which | have records

(the Newt Pond, and the Leg of Mutton Pond) it is largely littoral.
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The records show that the A cies is remarkably eurythermie. It
can flourish at temperatures of about 25%0; but, in England, at any rate,
it commonly survives, and reproduces throughout the winter.

In Bedford College Botany Garden it often occurs with D.curvirostris
but the two species do not seem to be serious competitors*

Daphnia curvirostris.

Aldwarke Wash, 24*9*47*, very abundard, 2.8.48., 4*6*49*, scarce,
11.9*49*, very numerous, 10.10.49*, very scarce, 28.9*50., numerous eapty,
and on other occasions in early summer and late spring; Aldwarke Marsh,
16.8.48., numerous in cut Typha, eggs ¢® 15; Roaddde Pool, Aldwarke,
4*6.49*, very abundant in open, eggs hi?, 2.8.49*, abundant, 28.9*50®, pool
overgrown, very numerous; Canal pool, Aldwarke, 3*7*50., very abundant,
some ephippiate, obfonnities, 28.9*50®, numerous, eggs moderate, some males;
Trough 1, Hampton Water Works, 25*11*48®, very numerous, maiy eggs;

Trou” 2, Hanpton Water Works, 25*11*48., scarce, adults only; Statue
Pond, Queen Mary’s Garden, 17*8.50., very scarce; Pool 2, Bedford College,
Botaiy Garden, 17.11.50%, very scarce, males and ephippial females;

Botaiy Garden, Pool 3, July to November, 1950, most abundant in July, eggs
moderate most of time; Pool 4, Bedford CoUegé, Botany Garden, February to
November, 1950, scarce until August, when abundant, then scarce in October,
never abundant; Pool 5, Botany Garden, 14*10.50*, not very numerous,
mostly empiy, some ephippiate; Pool 7> Bedford College, Botany Garden,
Jujy to November, 1950, abundant in summer, males and ephippial females
October, and November; Pool 8, Botaiy Garden, July and August, very
numerous; Water Lily Pond, Botaiy Garden, see appendix 3; Leg of Mutton

Pond, Hampstead Heat, 21.10*50., 2 ephippiate females only.
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As this species has not previously been recognized there is not
published information, concerning it.

% records indicate that it has extremely similar habitat
requiremsnts to those of D¥ obtusa# and | have not been able to detect any
reliable ecological differences, except that the present species seems less
able to stand low tecperatures than does D. obtusa. It probably does not
normally over-winter in England.

It appears to be widepread in Eastern En*and. Scourfield
thou”t that it was mainly found in coastal aread, but this does not seem to
be the case. Aldwarke is more than 40 miles from the nearest estuary and 70
miles from the nearest open sea.

Daphnia *bigua

Water Lily Pond, Queen Mary’s Garden, 8.8.50., numerous, egg-
number 4*6 (4 to 7), 17*8.50., scarce, 25.10.50., abundant egg-number 2.7
(0 to 7) 8.12.50., 3 only, eggs c.2; Island Pond, Queen Mary’s Garden,
25.10.50., 1 only.

The few records for this species (Scourfield 1946, Fox 1948, and
my omn records), give lit-*gl clue as to its noimal habitat. It is
probably an introduced species, but its place of origin must remain unknown,
until more tropical waters have been investigated. Such evidence as there
is suggests that the species is an inhabitant of small lakes and large ponds.
It is clearly a summer form inrHngland, and does not winter.

Daphnia longispina.

Loch on Mor, 4*9*48., abnormal form, abundant; Loch a Fhuirt-

Ruaith, 7*9.48., veiy scarce, outside weeds; Lower Greasborough Dam,

30.3*48., 27.48. plankton, very numerous, x.7*48., near vegetation, not
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numerous; 19.9%48., very numerous, abundant inshore, males; Wentworth
Tank, 19.8.4-9*, very scarce; Middle Greasborough Dam, 26*9*50., very
numerous, lacustrine type; Outflow, Middle Greasborough Dam, 26.9*50.,
abundant, some ephippiate, mostly f. Littoralis; John’s Trinity Dyke,
Cambridge, 8.7*48., not very numerous, ephippiate; Clare Dyke, 26.7*48.,
extremely abundant; Dyke 448.578., Cambridge, 4-*8*48., numerous,male9;
Ringmere, Thetford, 10.7*48., numerous, one ephippiate; Viaduct Pond,
Hanpstead Heath, 16.10.48., numerous, some ephippiate, 20.6.4-9., 24-°C,
numerous in clear, eggs 3 to 4, some ejriippiate, 9.3*5.0., veiy scarce, clear
water, young only, 27*5*50., numeious clear water, scarce weeds, eggs c.6,
16.11.50., one young only; Wanstead Bomb Crater, 25*6.4-9*, very scarce,
mary eggs; Island Pond, Wanstead, 25%*6.4-9*, very numerous eggs low,

16. 6.50*, abundant, egg-number 3*4-; Little Stanmore 1, 9*7*4-9* scarce,
clear water and in Potamogeton; Little Stanmore2, 9*7*49*, very numerous,
cleair and weeds, eggs high, some males, some ephippiate; Warren Pond,
22.10%49*, very numerous, c. 6 eggs, 25*3*50., very numerous avlay from weds,
eggs ¢.20; Pool W. of Hollow Pond, Epping Forest, 30.10.49*, scarce, young
only; Badstue Dam, 20*7*50., abundant, eggs c. 15, 30.8.50., abundant,
eggs 46 (2 to 7); Heskeskoe Dam, 20*7*50*, very numerous, eggs c.6;

MBrke Dam, Hillerbd, 20*7*50., abundant eggs of most 0 to 10, but one large
individual had 30 eggs; Lille Fonstrup Dam, 14*8*50., one only, 5 eggs;
Fbnstrup Dam, 14*8.50., very numerous, egg-number 6.3 (2 to 8); Deer
Paddock, Strttdam, 25*8.5*0., veiy numerous, egg-number 4*0, v.gosea; Hjorte
S81e 1, 29*7*50*, plankton, very scarce 2 eggs, 25*8.50., very scarce,

eggs 0 to 3*
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The unfortunate confusion with D. hvalina has made it difficult
to interpret the statements of many authoi”s, concerning this species.

It seems probable that it may occur in some large deep lakes, Woltereck
(1928), but the possibility that all such records merely refer to forms of
D. hyalina cannot be excluded. It certainly does not occur in any of the
large English or Danish Lakes. Wesenberg-Lund (1926), -sdio was mainly
dealing with this species, says that it is most characteristic of the
central regions of large pools; “Poulsen (1929), says it only rarely occurs
in vegetation, and is more common in plant-rich than in plant-poor pools.
Pacaud (1939), notes that it does not occur in humic waters. @ Most authors
agree that it is rare in strongly acid waters. Pacaud finds it occurs at
pH. 6.0 but is not flourishing; Hubault (1932) and Krasnodebski (1937)
have also found it in similar mildly acid waters. Poulsen (1929), states
that it is commonest in weakly atlkaline waters, but may sometimes occur in
strongly acid localties.

On the whole ny records sipport but add little to these
observations. The i” cies occupies an ecological zone intermediate between
that of D. hyalina. and that of D. pulex. The species are not however
separated solely by size of habitat, and the exact species present in any
locality probably depends on a conplex series of inter-acting factors.
Thou” the species is usually found away from weeds, it does not avoid them
30 strictly as do other members of the genus. It is of interest thatit is
also the only member of the genus, which I have found in semi-lenitic
habitats. Theiwo records for the Leke District are of interest, since there

are not previous certain records; both Wiseen and Wray Mires can be classed
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either as small lakes or as large pools, and both are shallow.

Most of ny localities are weakly to strongly alkaline, but Hjorte
S61e is strongly acid (pH. 4#5 to 5*5*) and moreover peaty* A more
surprising record is that from Loch on Mbr, which is definitely sailine,

D. magna has commonly been recorded from brackish waters, but | know of no such
records for other species of this genus.

My impression is that the species seldom overwinters in England,
though Berg (1931) says that it may do so in Denmark. It is noteworthy that
it is rare in the true Arctic (Poulsen, 1939, says that it is absent from
the true arctic, but it has been recorded from Bear Island (Bertram 1933),
and | have seen specimens collected on this island.

Daphnia hyalina

I have found v. hyalina in: Crummockwater,Loweswater, Thirlmere,
Buttermere, Crummock Water, and Bure 86.

| have found v. lacustris. in : Derwentwater, Elterwater, Ease-
dAle Tam, Drunken Duck Tarn, Regent’s Park Lake, the Children’s Boating
lake. Regent’s Park, the Water Lily Pond, Queen Mary’s Garden, a pool in
Cripplegate, the Hanpton Filter beds. Queen Mary’s Reservoir and the Hollow
Pond.

I have found v. galeata in : West loch fiilean a Ghille, Loch
Druidibeg, Windermere, and the Hampstead Ponds.

Since the habitat of this species prevents adequate collecting in
many instances | shall not give aiy details concerning abundances or
seasonal occurence. The species certainly occurs all the year round in

Regent’s Park Lake, though only in small numbers in the winter. It
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reproduces even under ice.

So much has been written concerning this, probably the most
studied of all Cladocera, that it is quite inpossible to summarise it here.
The species is generally admitted to be a truly lacustrine form, and is
usually considered to be commonest in cooler waters and not very eutrophic
lakes. Geman and Scandinavian workers consider that it is confined to
large deep lakes, and it is often treated as an arctic - alpine species
(as hy Thienemann 1950),though it is not recorded from the true arctic
Poulsen (1939, 1940).

These conclusions are not true of England, even when v.lacustris
is not considered. They are strikingly untrue if this variety is included.
Admittedly this is the only Daphnia common in our large deep lakes, but
it is by no means confined to them. It commonly occurs in small, shallow
eutrophic lakes and even pools, as ny records show. Other workers as
Scourfield (1898), and Jenkin (1928), have also recorded it from pools in
this country. It is not easy to see why the English distribution of this
species should differ so marked ly from the European distribution, but it
may be noted that consonant differences are shown by D. cucullata, and by
Bosmina longispina. and Bosmina coregoni.

Another feature in which English Daphnia hyalina races often
differ from those studied on the continent and in America is in the
development of the crest. Danish (Wesenberg-Lund 1926, Berg 1931) and
American authors are agreed that crests only appear when the A*vater
tenperature exceeds 12° to 16°C. On the other hand it is well-known that

in Windermere galeate and roundheaded individuals with crests are present
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all the year round (see for instance Scourfield and Harding 1941)#
Similarly | have usually found v* lacustris with a small crest, even in
winter, whilst in the Gripplegate Pool the individuals had very high crests
though the water tenperature must have been well below 10°C.  These facts
suggest strongly that, in England at least, Wesehberg-Lund’s ’flotation*
theoiy cannot provide an adequate explanation of the function of crests and
helmets in this genus.

The individuals idiich |1 collected in West Loch Eilean a Ghille,
showed an interesting colour variation. Their carapace had a deep brown
pigmentation.  Such pigmentation is characteristic of arctic races of
other Daphnia spp., and it is interesting to find it appearing in S. Uist,
the lakes of which form the closest approach to tundra lakes available in
low lying areas of the British Isles.

Daphnia cucullata

See appendi x 2. Other records are from Hollow Pond, 30.10.49*,
crest round veiy low, not very numerous, no eggs; Bastrup 86, 11.8.50.,
crest very high eggs e.4;

This species is the common species of the smaller, shallower,
eutrophic lakes of central Europe (Wesenberg-Lund 1926, Woltereck, 1928,
Berg, 1931, Bylov, 1935 etc.). It is widely distributed in the British
Isles (Scourfield and Harding 1941) but it is nowhere very common save in
the Broads area (Gurney 1929)*

| have discussed it at some length above, and came to the
conclusion that the principal features of its ecology are the preference for
smallish, shallow lakes, and the need for a rich supply of nannoplankton.

Many of the localities from i?diich | have collected in England seem to ne to
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be precisely coiaparable to localities in Denmark where it flourishes, so
that | cannot suggest why it should be so rare,here. Thelarity is acaost
certainly associated with the relative frequency of D. hyalina lacustris in
this country. It is noteworthy that hi* helmeted forms are even rarer
than other forms of the species in this country, thou”? very common in
Denmark.
Ceriodaphnia reticulata.

Clay Pond, 4.8.49*, margin only, very numerous; Drunken Duck
Pool, 6.8.49*, abundant, many eggs, 27.8.49*, abundant mostly in open;
Mill Lane Overflow, Cambridge, If.8.48., scarce; Eyke 448.578., Cambridge,
if.8.48., abundant; Little Stanmore 1, numerous, in clear only, serrata;
Little Stanmore 2, 12.10.49*, scarce in clear, veiy numerous in thin weeds,
eggs very low; Snaresbrook road, 50*10*49*, numerous, eggs less than one,
mostly ephippiate; Lower Greasborou® Dam 26.9*50., abundant in marshy
part, males; Teylgaard SO, 22.7*%50., abundant in waterlilie s, numerous
in clear water, very numerous in reeds, eggs 2 to 3, v. kurzi; Vilde Ande
Dam, Strédam, 25*8.50*, abundant, egg-number 2.5 (2 to 4 ); Badstue Dam
30.8.50., abundant 2.6 (O to 4 ); Flats Pool, Hiller5d, 9*8.50., numerous,
eggs 2 to 4; Elless6, 10.9*50., veiy numerous in reeds, c.ifO* ephippiate,
egg-number 2.7 (O to 5)*

| use the specific name in the anse meant by most European
authors, not in that of Stingelin (1913)* | cannot agree with his theory
that C. dubia is only a variety of this species (see below).

This species seems to be confined to ponds of all sizes and
smallish lakes, as Berg has also shown. Poulsen found it normally in

vegetation and never in plankton, which also agrees with nmy experience. My
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records show that it may occur in somewhat acid localities (Drunken Duck
Pool). Passowicz (1935) has also found it in localities with pH. 3*5, but
Pacaud (1939) found it only in nearly neutral waters. Pacaud also says
that it only occurs in ponds polluted with animal matter. This opiiion is
directly contrary to nmy experience, most of the localities where | have
found the species being scarcely or not at all polluted#

I can find no ecological distinctions between theraces. The
strain inhabitating ihe Drunken Duck Pool makes it somewhatdoubtful
whether these can be usefully distinguished. It could not be assigned to
aiy of the principal races, and different individuals showed characters of
all three in almost every possible combination.
Ceriodaphnia dubia

Ringmere, Thetford, 10.7*48.; Regent’s Park Lake, throughout the
summer auid autumn from June to November, never abundant, becoming very
scarce in late autumn, egg-number 12 or more in early summer becoming very
low in late autumn, males and ephippial females in authmn; Island Pond,
Queen Mary’s Garden, 8.8.50., abundant, eggs ¢.6, 17*8.50., numerous,
25.10.50., scarce, two ephippial, rest empty; Water Lily Pond Queen Mary’s
Garden, 17.8.50., young, one individual only.

This is the species normally called C. affinis. Lilljeborg. In
1913 Stingelin subsumed this species sind also 0. limicola Ekman and
0. sylvestrii Daday under C. dubia Richard. This he treats as a variety of
C. reticulata, but, as Gumey (1927), has shown, this is undoubtedly
incorrect. Gurney agreed that 0. affinis etc., must be placed under 0. dubia.
SomeYbat reluctantly | feel bound to sigree with this, as | can find no

reliable differences between these species. Whether all forms recorded as
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c. dubia are identical is another question# That of Sars (1916), for
instance, definitely lacks the characteristic comb on the claw.

Wagler (1936) treats C. affinis as a variety of C. quadrangula.
This is certainly incorrect. C. dubia is a much larger species than
C. quadrangula; the head is more like that of C. reticulata than that of
C. quadrangula. the post-abdomen is larger, has more numerous anal
denticles and is strai®*t, not concave, behind them. The claws of
C. quadrangula completely lack the ’affinis’ ccsnb, and the carapace markings
are much more distinct. Intermediates are not recorded.

The key of Scourfield and Harding (1941) is misleading in respect
to this species. It is joined with C. quadrangula, in opposition to
C» pulehella. as having the head not inflated in front of the aintennules.
In fact the head is usually somewhat inJPlated, and may be quite as much so
as in many individuals of C. pulchella#

In view of the controversy concerning this species | am including
figures of specimens from Regent’s Park Lake (Pigs. 8 and 9.)

Little seems to be known about the biology of this spoies which
seems to be rare everywhere in Western Europe. On the other hand it
appears to be rather conmon in warmer regions, judging by the large number
of published records. It has an immense longitudinal range, being found
from Patagonia to Sweden. The records show that it is generalily a
lacustrine form, and Scourfield and Harding (1941) give it as inhabiting the
same sort of localities as C. pulchella. % localities, small lakes and
large pools, with rich plankton, agree well with this distribution. It is

not normally found amongst weeds.
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Ceriodaphnia quadrangula

Pool near Loch Ness, 16,6.50.; Hjorte S61e 2, 29.7.50.,
numerous, eggs c.l (O to 2); Storre Gribsb, 3*8.50., plankton very
abundant eggs Cy .9, very small; Béndemess Mose 1 and 2, 3.8.50., very
abundant, eggs c¢.3; Bondemess Mose 3, 3*8.50., very numerous, eggs c.2;

| regard this species in the usual restricted sense and not in
that of Wagler (1936).

This species is accepted by all authors to be planktonic. It is
also generally regarded as occuring principally in highly acid waters,
where it replaces C. pulchella. both as a lake plankton, and as a pond form
(Poulsen, 128, Scourfield 1903, etc.). My records all agree with this
distribution. If these two jAcies are really distinct then it must be
presumed that 0. quadrangula is restricted to acid waters by competition.
It is possible however that the two forms are merely ecgjpKe'’es,
Ceriodaphnia pulchella.

This is one of th4 commonest species of Caldocera. Since | have
nothing to add to the accepted views on its ec(bgy$ | shall not give ny
numerous records in full. | have found it in one locality in S. TJist, the
H ill Pool at Loch Skiport; in all 7 small lakes and large pools | have
collected in S. Yorkshire; and one small pool. Lower Thrybergh Dam; in
4 of the richer tarns, Blelham, and Windermere, in the Lake District; in
6 large pools and 2 small pools, in Queen Mary’s Garden, in London; in 13
large lakes and pools, in Zealand; and in 3 lakes and one large pool in
Jutland. Several of these localities are slightly acid, as the Loch
Skiport Hill Pool, and the Ugl 86, but none are very acid, and most are

markedly alkaline, ’evolved’ lakes and pools. | have found the spoies
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throu”out the year from March to September but never in Winter.

These records agree with the general opinion that this species is
characteristic of lakes and pools, particularly large pools which are more
or less alkaline and rich in nutrients. The “ecies is also generally
regarded as a summer form.

Wagler (1937), treats this *ecies as a variety of C.quadrangula.
Whilst | am not convinced that the two species are really distinct, |
prefer to follow the majority of authors in treating them separately, for
convenience.

The strain of C. pulchella. occuring in the Badstue Dam was of
interest, since it belonged to the variety pseudohamata. Yhich parallels,
C. quadrangula v. hamata in the development of its fomices. Whilst this
last seems to be rather common, C. pulchella v. pseudohamata seems to be
distinctly rare.

Ceriodaphnia megalops

Blelham Ic, 4.8.49., numerous; Blelham Ib, 18.8.49.; Blelham
IVa, 8.8.49., numerous; Blelham Outflow, 8.8.49., numerous, especially at
the margins; Drunken Buck Pool, 27.8.49., numerous eggs c.lO; Little
Stanmore |, 9.7*49., scarce in clear water, veiy numerous in Lemna. veiy
scarce in Potamogeton. 12.10.49., very scarce in algae mats and thick weeds,
no eggs; Little Stanmore 11, 12.10.49*, very numerous in thin and thick
weeds, eggs very few, mostly 0 but some to 7, some ephippiate; Warren Pond,
22.10.49., abundant, eggs low, mary ephippiate; Teylgaard S5, numerous in
and near weeds, eggs c.5; 2.9*50., one only in reeds, 9 eggs; F5nstrup

Dam, 14.8.50., very scarce eggs two; Karlss6, 19.8.50., one only, 5 eggs.



- 138 -

The published descriptions of this i“ecies aremisleading. The
post-ahdomen is usually described as incised proximal tothe apex. This is
true of preserved animals and of animals compressed under a coverslip, hut
it is a result of the contraction of the anal muscles. In the relaxed post-
abdomen there is no incision. In my experience this may cause difficulty
to the beginner.

My records suggest that this species, though someYhat less common,
occurs in the same type of habitat as C. reticulata. This is borne out by
published records. All western European authors (as Poulsen 1928, Berg,
1929, Jenkin 1928, and Pacaud, 1939) are agreed that this species is almost
always found amongst thick vegetation in small waters. Berg states that
he has never found it in the littoral region of lakes. It is however
clearly established in Blelham Tarn, and it is also recorded from Windermere,
and Esthwaite Water (Scourfield and Harding 1941)#  The rariiy of both this
species and C. retirculata. in large lakes, is probably due to the scarcity
of suitable habitats, rather than to anything deleterious in the general

character of such lakes.

Pacaud and Poulsen find the species mainly in alkaline habitats,
but it is recorded from acid localities by Berg. Only one of my localities
is markedly acid, but this is sufficient to show that there is no
restriction to non-acid localities in England.

Apart from the difference in food which I have already noted in

section 3, | can find no differences in ecology between this species and

C. reticulata.
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Ceriodaphnia laticaudata

Stilligaiy Ditch, 3*9#48., abundant, one ephippiate; North Ings,
Mexborough, 20.8.48., very scarce; Aldwarke ICarsh, 16.8.4-9*, in Typha.
numerous; Upper Thryber®* Dam, 18.8.48., very numerous, 29*9*30., very
scarce; Hanpton Long Water, 26.2.49* , very scarce; Bomb Crater, Wanstead,
23%6.49* , numerous; Island Pond, Wanstead, 23*6.49*, not very numerous;
Plats Pool, Hiller6d, 9*8.30., abundant, eggs 2.2 (O to 3), ephippial
females and males; Sorte Dam, Strftdam, very numerous, egg-numher 1.8,
(I to 2), males.

This species is often considered to be rare, but it is more
probable that it is usually overlooked because of its peculiar habitat.
Most workers who have found this species at all often are agreed on its
principal requirements of thick, rich, decaying vegetation (Berg, 1929,
Pacaud 1939, Scourfield and Harding 1941), though Birge (1918), merely
gives its habitat as amongst weeds. @ As a consequence of this habitat
preference it is of course rarely found in large i*akes, though it has been
recorded from a particularly swampy portion of the shores of Windermere
(Borran’s Field). ISy experience is in conplete agreement with the
experience of previous workers. These do not hwwever, stress one
inportant feature, tiiat the indidividuals of this form are most usually to
be found actually burrowing in masses of decaying vegetable matter. @ Pacaud
notes the close parallel between the habitats of this species and those
frequented by C. rotunda; this is very striking, but | find C. laticaudata
to be considerably more catholic in its choice of habitats.
Ceriodaphnia rotunda

FOnstrup Dam, 14*8.30., two, 2 eggs; Praestevang I, 1.8.30.,

scarce, c.3 eggs.
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This species is very seldom recorded, and most authors (as
Keilhack, 1909) consider it to be very rare. Pacaud (1939) suggests that
it is not really rare, but has been overlooked, because of its restricted,
and peculiar habitat. He has found it not uncommonly in France. There is
probably some truth in this contention, but even vhen allowance is made for
the difficulty of discovering it, | think it must s till be classed as a rare
species. It is for instance much less commonly found than C. laticaudata
and llyocryptus sordidus. vhich are just as likely to be overlooked.

Pacaud claims that it is only to be found burrowing in the thick
deposits of black ooze produced by the decay of plants and especially Lemna.
All other authors have contented themselves with saying that it is found
amongst weeds; but Pacaud is almost certainly correct. My two habitats
correspond exactly with Pacaud*s designation. It is particularly note-
worthy that the species only occurred in those parts of the pond vAiere the
Lemna detritus was already finely divided, not amongst the thick deposits of
decaying but s till identifiable Lemna plants.

The species has only been recorded from a few other Danish
localities (Berg, 1929), and there is no certain English record (Scourfield
and Harding 1941), but it seems likely that if search is made in suitable
localities it will be found in more areas in both these countries.
Ceriodaphnia setosa

Praestevang 1, 22.7*50., abundant, 2 to 4 eggs, 1.8.50%, very
scarce, c. 3 eggs; Vilde Ande Dam,¢Strbdam, very scarce, one with 4 eggs,
one ephippiate.

It seems probable that this “ecies is the same as C. acanthina

Ro6s, a North American species. Apart from the sli* tly longer antennules
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of C. setosa | can detect no reliable differences between them.
Unfortunately C. acanthina has priority. However, since C. setosa is so
well established in the European literature, | prefer not to abandon the
name, without seeing actual specimens of C. acanthina.

The “eciei®is even more rarely recorded than the last and nothing
reliable is known of its ecology. Statements in the literature are of the
same orderyas that of Scourfield and Harding (1941), *rare, always amongst
weeds. *

My records are the first records for Denmark. The species seems
to be strictly confined in these two localities to the thick masses of
decaying Lemna. in vhich it burrows. Unlike C. rotunda it is not found
in the adjacent ooze. If, as seems probable, this is its noimal habitat
it will normally be overlooked, unless it is extremely abundant, since

partly decayed iigjnna is the most difficult of alHiiaterials to search
thoroughly. Thus, like C. rotunda, it is probably much more common than
the very few records indicate.

It may be noted that from an ecological viewpoint these last three
species of Cladocera form a distinct group with almost but not quite
identical habitats. Of these the most catholic (C. laticaudata), is also
the commonest, whilst the two more specialized species are distinctly rarer.
Simocephalus vetulus.

There is no point in giving a full list of my records for this,
the second most frequent of all Cladocera in western Europe, and I w ill only
give a condensed account. | have only 1 record from S. Uist, Howmore Pool.

I have records for a pool near Loch Ness; for Wharton Tarn, and Windermere

in the Lake district; for a pool in Malham Pen; for two small ponds and
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Lower Greasborough Dam, in S. Yorkshire; from the river Cam and 11 other
localities at Cambridge, several of them semi-lenitic; for Ringmere,
Thetford; for 20 localities in London, one semi-lenitic; for nine lakes
and ponds in Zealand; and for onelake, Borressd, in Jutland.

The species is well-known io occur almost everywhereboth ih pools
and lakes where there is rather but not excessively thick vegetation, and as
was to be expected most of ny hbbitats are of this sort.

Poulsen suggests that it is mainly a species of alkaline waters
and is replaced in slightly acid waters by 8. exspinosus. whilst Harnisch
(1929) makes the amazing statement that the members of ihe genus Simocephalus.

do not occur in bogs (see S. serrulatus below). Pacaud (1939) on the other

hand records the species as being coomon in s li? tly acid waters.
Unfortunately, as | have noted above there is reason to believe that he
confuses the two species S. vetulus and S. exspinosus. Whilst | have no
records from a very acid locality | have several from localities with soft
water which must be sli* tly acid at times (e.g. Wharton Tarn, Windermere).
| have numerous records of S. exspinosus. from localities with very hard
water. | find it inpossible to agree with Poulsen, and think that these
two species have precisely similar habitat requirements, except in respect

of food-supply (see above.)

It is interesting that in small woodland pools, species of
gimncephalus may occur in the conplete absence of vegetation, provided that
there are maiy dead leaves. | found S. vetulus in sudi a pool in Denmark
(in Praestevang), and | have a similar record for S. exspirdsus. from
Brathay Quarries, Lake District. Daphnia species are not coomon in these

small woodland puddles, which are almost choked with leaves, and it is
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possible that Simocephalus survives there owing to absence of conpetition.
Pacaud notes that 8. vetulus does not occur in pools that are
more than d.i* tly polluted. In ny experience this is true of all species
of the genus. | never find them in typical ’Daphnia®* ponds, and the only
locality known to ne in which this i*ecies occurs with Daphnia obtusa. is
a remarkably unpolluted habitat for that species (the Newt Pond Putney Heath).
Simocephalus exspinosus
For this species, as for 8. vetulus. only a summary of ny records is
necessary. | have found it in 4 pools in 8. Yorkshire; one dyke at
Cambridge; in 11 localities, both lakes and pools in the Lake District;
in 8 localities in London; and ih 7 ponds in Zealand.
These localities ranged from s li* tly acid to very alkaline (e.g.
Bedford College Botany Garden, Frederiksborg Slotssb).
It is possible that this “ecies withstands pollution better than
8. vetulus. | have three records for *Daphnia* ponds (the Leg of Mutton
Pond, 2 ponds in the college Botany Gardens). | have also two records
from *foul* Lemna ponds (Praestevang 1, and the Vilde Ande Dam). The
records suggest that it may prove to be more resistauit to low oxygen
tensions than 8. vetulus but | have no experimental data to prove this.
Apart from this the only difference in ecology that | have been
able to detect is in their food. 8. vetulus is principally a detritus
feeder, whilst 8. exspinosus is principally an algal feeder.
8imocephalus serrulatus
Loch a Phuirt-Ruaith, 7.9.48., very scarce; Hjorte Sble 1, 29.7.50., very
scarce, margins only, eggs c.2, 25.8.50., scarce, margins; Hjorte S61le 2,

29.7.50., very abundant, egg-number 4.5 (3 to 6); 8torre Gribsé 3.8.50.,

I, very scarce, young only, Il numerous eggs c.6, IV, scarce, eggs low;
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Lille Gribsd, 3*8*50., II one young only; Marke SO, Silkeborg, 11.9*50.,
very abundant, at margins amongst vegetation only, many eggs.

As other species of this genus, S. serrulatus is normally found
in thick vegetation, though it is evident that sphagnum may be satisfactory*
It is quite inc)ossible to reconcile other statements made by authors
concerning this species. Birge (1918) says that in North America it is
common everywhere amongst weeds, and is the most abundant species of the
genus. This is certainly not true in Europe. Pacaud (1939) and Litynski
(quoted in Pacaud) regard it as occurring mainly in places very rich in
humic detritus. None of my localities correspond with this description,
and ny food records (of snail Algae) do not suggest that such detritus
would be of any importance* It seems unlikely that the species is found
often in such places in England and Denmark, and I have certainly never
found it in them. Scourfield and Harding say vaguely that it occurs in
small weedy water,s, and is rather rare. Even this statement is open to
exception, as Loch a Phuirt-Ruaith, and Storre Gribsé can scarcely be
called small waters.

Poulsen (1928) has only found it in a few strongly acid localities»
mostly with spagnum. Berg (1929) also found it in four localities, (two
of Yhich, Storre Gribs6, and Hjorte Sole, are the same as mine) all of which
had brown stained water and some sphagnum near the margins. Hjorte Sole
is a typical bog-lake. Passowicz (1938) also finds it in peat pools with
pH.5*4 to 5*5, though Pacaud failed to find it in such localities.

The German Sunda expedition collected specimens of this species
from a Sphagnum pool near Lake Toba, with a pH. of 4*3; but also in the

plankton of a Sumatran lake with a pH. of 8.4* Brehm (1933) who records

these, considers the last record to be very unusual, and regards the species



- 145 -

as characteristic of the littoral region of acid waters.

My records axe all from acid waters, and all ny Idealities could
be considdred dystrophic, to a certain degree, with the exception of Loch
a fhuirt-Ruaith, which is more or less oligotrophic. It seems definitely
established that the species is confined to strongly acid waters in Denmark,
and these are probably a principal habitat in many parts of its range.
Such a conclusion is equally obviously untrue when applied to the species as
a whole, and the problem needs much further study. The results obtained
up to the present moment strongly indicate that this species comprises a
number of biological races, each of vhich is restricted to a definite sort
of habitat Ty competition with the other species of the genus,but which
together are able to range over almost the whole series of habitats that
the genus can occupy.
Scapholeberis mucronata

As with the two conmon species of Simocephalus. | do not intend to
give full records of this species, for which | have more localities than for
apy other species except Chydorus sphaericus. | have records from 3 pools,
and from Lower Greasborough Dam in S. Yorkshire; from thick reed beds in
Windermere and Blelham Tarn in the Lake District; from 9 dykes and pools in
Cambridge; from Powlmere Pool, Thetford; from 14 small and large pools
in London; from 15 small lakes and pools, and 3 large lakes in Zealand;
and from two lakes and two pools in Jutland.

In all the larger habitats | only found the species in thick reed-
beds or amongst dense floating vegetation in sheltered bays.

Scourfield (1896, 1900) has drawn attention to the peculiar

structure of this species, and its habit of clinging to the surface film.
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This behaviour is readily shown by animals in the laboratory. One would
expect from this that the primary limiting factor in its distribution would
be the need for a reasonably smooth and undisturbed water surface. Thus it
would be able to live in open water in small sheltered localities* but
would be confined to sheltered weedy waters in large lakes. Wy records
show that this is so.

The species is common in very acid waters (e.g. Hubault, 1932*
KrasnodebsfcL 1937, Pacaud 1939). Certain authors, as Naumann (1929) think
that highly alkaline waters are unfavourable to this species but Poulsen
(1928) finds it in waters which are strongly alkaline as frequently as in
waters which are acid, and Pacaud (1939) records it from a pool with a pH
of over 8. % records also suggest that this species is almost completely
independent of pH, occuring equally in hi*ly acid bog-pools such as Hjorte
S61e 2, and the pools in Bondemess Mose, in neutral waters, and in pools
such as the Jaegerbakke Dam which are very hard and may have a very hi* pH.

It is possible that in the past this species has been confused with
Scapholeberis kingi, vbich has only recently been recognized as a European
species (Rammner 1929, Poulsen 1928). | am certain that all my specimens
belong to S. mucronata since they conpletely lack the characteristic
carapace sculpture of S. kingi. @ The confusion has probably not led to
many errors concerning the ecology of the species since that of S. kingi
seems to be very similar, to judge from published statements such as those
of Brehm (1933)o
Moina macrocopa

Aldwarke Wash, 24#9.4.7#, abundant, 2.8.49#, very abuidant, 4.6.49.,

veiy scarce, 2.8.49#, abuidant, 11.9.49., many ephippiate, 10.10.49., very
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scarce, 3.7*50., extremely abuidant, many ephippiate; and on other
occasions in warm weather.

Thou”? attempts have been made by Brehm (1933), and Jenkin (1934),
to arrange certain sections of the genus, the systematics of Moina are s till
in a state of chaos; and it is often difficult to be sure of the identify
of collected specimens. Judging from Brehm*s account, Moina macrocopa is
one of the most distinctive species. The only species with which it is
likely to be confused are M. belli Gurney, and M. banffyi Paday, and it is
possible that both of these are only varieties of M. macrocopa. M. belli
is an African species, not recorded nearer to the British Isles than N.
Africa and Crete. It should be identifiable by the ciliation of the dorsal
margin of the head, also present in M. banffyi which is perhaps
synorymous. It seems safe to ignore it unless should be strong grounds for
suspecting that any specimens belonged to it. M. banffyi is only known
from Hungary and the Isle of Wight. @ Scourfield and Harding do not include
it in their key, since they regard it as synonymous with M. macrocopa.
According to Brehm*s character summary it is characterised by having the
dorsal margin of the head thickly covered with hairs. The antennae and
antennules are also very hairy, and the latter are squamous.

My specimens correspond exactly with t he published descriptions of
M. macrocopa. and do not show any of the peculiarities of M. banffyi.

This species is widely distributed occuring in Central Europe,
Central Asia, Japan, the warmer parts of N. America, N. Africa, and S. Africa
(Brehm, 1933, Birge, 1918). It i% however, rarely recorded. The
distribution is dominantly southern and its most northerly known localities

are in England. Scourfield and Harding (1941) state that it occurs in small
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ponds, is rare and is confined to the S. and E. of England and S. Wales.
Recently Galliford (Harding in litt.) has found specimens in the Leeds and
Liverpool Canal, Lancashire. @ This locality and mine are thus the two
most northerly known habitats of the species, in the whole world.

In Western Europe Moina spp. are confined to small ponds, thou”
rare in tenporary ponds (Berg, 1929, Pacaud 1939, etc.). In the tropics,
planktonic species occur, and, outside the tropics, species have been found
in the plankton of exceptional lakes, such as those with very high magnesium
content (Hutchinson 1933), or with high salinity, such as the Aral See
(Eylov 1933). Mapy such records are f or the present species or forms
thought to be synonymous with it. Berg (1931) regards the restriction of
Moina spp. to small ponds, in Western Europe, as a consequence of their need
for high tenperatures. On the other hand Pacaud (1939), thinks that
considerable quantities of suspended silt are an essential factor. There
is probably some truth in both of these contentions, but even together they
do not fully explain the facts of Moina distribution. Indeed almost the
only feature conmon to all the habitats of these species in tenperate regions,
is that they are all in one way or another extreme habitats for Cladocera.

It is noteworthy that the habitats in which Moina is most commonly found are
those which are least characteristic of most species of Daphnia. In ny two

Moina localities the Moina is never abundant at the same time as the
associated Daphnia species. I would suggest that Moina species are almost
confined to the most turbid and warmest localities in Western Europe,
because it is only in these localities that they can coupete successfully
with Daphnia species.

Aldwarke Wash is a good example of such an extreme habitat, in
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which there is nevertheless a good food-supply for those i*ecies which can
survive. It is a shallow expanse of water several acres in extent, but
with a maximum depth of ¢c*40 cms. in winter and ¢c.20 cms in summer. It is
bounded on one side by a sewage works, and on another by a steel works tip,
so that it is very hi?ily polluted. The bottom is formed of a thick layer
of black, sulphureous mud containing thousands of Chironomid larvae.

There is “usually an abundant supply of small flagellates. The
tenperatures may become very hi”* indeed during the summer months. The
extreme character of*the locality is reflected in the monotony of the fauna,
though the number of individuals present may be very hi*. Besides those
already mentioned, the only forms | have seen are : Daphnia curvirostiris
(see above), a *ecies of mosquito larva, an eristalid larva, Chydorus
sphaericus ( in the winter only ), a species of Cyclops (in the winter only),
enchytraeids, and Hydatina senta (in the winter only).

Moina rectirostris

Wi itt *8 Farm, Q odigkd Hampshire, 8.6.50., very numerous, eggs
C.15.

My specimens agreed in every detail with the published descriptions
of this species. Males and ephippial females were produced in the
laboratory, and also agreed perfectly with M. rectirostris. so that there
can be no possibility that they belonged to M. brachiata or M. affinis, the
only other species which they at all resembled.

In the British Isles the species is less rare than M.macrocopa
but is also confined to England and Wales (Scourfield and Harding, 1941).

It is still a distinctly rare species. Like M. macrocopa it is confined to

small turbid ponds, but it is more northerly in its distribution, reaching

to S. Sweden.
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ISy remarks concerning the ecology of M. macrocopa are equally
applicable to this species. It may be noted in addition that the records
for this species indicate that it is strictly confined to alkaline waters.
This is probably also true of M. Macrocopa. but the records for that species
are too few for such a statement to be reliable.

Bosmina

The systematics of this genus are more confused than those of any
other Cladoceran genus, and it seems unlikely that a reliable classification
will be produced for many years. All authors recognize two groups of
i*ecies in Europe, the B. longirostris group, and the B. coregoni group.
Almost all authors further agree that the forms of the former group are
merely varieties of one species. The number of species recognized in the
latter group varies considerably from author to author. Most recent
European authors recognize only one species divided into numerous subspecies,
races, and forms (e.g. Eylov 1935)* Scourfield and Harding (1941)
recognize no less than 5 species. I find it quite useless to attempt to
differentiate all of their species, but on the other hand I am unwilling to
treat them as one species. On the basis of general form Eylov (1935),
recognizes two series of varieties, the *lonaspina* series, and the *coregoni*
series. | propose to treat these as two species since they differ also in
geographical distribution, though their ranges show a very considerable
overlap, and in ecology. Bosmina longispina includes not only this species
but also B. obtusirostris ( a later name); Tdiilst B. coregoni includes the
other three species of Scourfield and Harding.

Bosmina longirostris

There is no purpose to be served by giving all ny records for this
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extremely common species. | have records from three ponds and the two
Greashorou” Dams in 8. Yorkshire}. from Tarn Hows, Blelham Teim, and
Elterwater in the Lake District; from 17 small and large ponds in the
London area; from 8 ponds and small lakes, Esrum 86, and Bastrup 86, in
Zealand; and from Madum 86 sind Ellessb inJUtland.

The species is generally accepted to he characteristic of small
lakes filLnd ponds, and to be frequent in their plankton (Berg 1931,Pacaud
1939 etc# ) Poulsen (1928) notes that it mayoccurin vegetation, though
normally planktonic. @~ Wesenberg-Lund (1904), notes that it may occur
sometimes in the plankton of larger lakes. Both Pacaud and Poulsen note
that the species is most frequent in alkaline waters, though it may occur in
acid waters. Pacaud notes that he is unable to find any correlation between
the pH. of a locality and the morphological or of this species occuring
there.

My experience is in agreement with these records. Thespecies is
frequent in ponds of all sizes provided that these are alkaline and not
too hi?ily polluted. It is also frequent in small lakes idiere these are
alkaline or only sli*tuy acid. I have sometimes found the species amongst
vegetation, but, wherever | have had plankton samples also, it has been more
abundant in the plankton.

In England it tends to be replaced by B. longisoina both in large

CLCtd

lakes, and in small slight1]*lakes and slightly acid large pools. The two
species are seldom found together (in the Lake District the only lakes from
which both are reliably reported are Esthwaite Water, and Grasmere), and then

only in lakes of medium size. The ranges of the two species are probably
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largely determined by competition, B¥ longispina being favoured by large
habitat size and B. longirostris by more alkaline water. That large size
of localities, and acidity, are no absolute bar to B. longirostris is shown
by its occurence in Esrum 86, and Madum 86# The former is larger than

any English Lake; vbilst the latter has an almost constant pH. of about 5*
Bosmina longispina

including B. obtusiroatris.

Loch Ness 25*6.50., very large; T near Loch Ness 16.6.50., brown
carapace pigment, 22.6.50., 27.6.50.* (jPo* Red Tarn, Helvellyn, 4.8.49.,
abundant, many eggs, brown carapace pigment; Windermere, inshore in small
numbers on 8.8.49#, and 12.8.49., in North Basin, numerous, few eggs,
24.8.49., in 8. Basin plankton, 30.8.49., not very numerous, eggs high;
Derwentwater, 24.8.49., abundant, many eggs; Crummock Water, 24.8.49.,
very numerous; Lake Bassenthwaite, 24.8.49., scarce; Easedale Tam,
15.10.49., scarce; Queen Mary’s Reservoir, 25.6.49., very abuidat, f.
lacustris; Almind 86, 11,9.50.

I have already discussed the differences in ecology between this
species and B. longirostris. There are also marked differences in ecology
between it and B. coregoni. B» longispina is commonly considered to show
an arctic-alpine pattern of distribution (Eylov 1935, Thienemann), whilst
Bo coregonis is though to be more southern, and is common in the lakes and
large ponds of the central European plain. The geographical distinction is
not absolute even in Europe, but on the central plain B. longiapin® is rare
and restricted to large deep lakes (Wesehberg-Lund 1904, Berg 1929, etc.)
whilst Bo coregoni is found in a wide range of eutrophic lakes and ponds,

often with B. longirostris (Berg, 1929). B. longispina may occur in
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eutrophic lakes of large size, hut it is more characteristic of
oliogotrophic lakes, or at least nesotrophic. On the whole ny collections
accord well with these opinions of European authors, though their opinions
concerning B# coregoni are not couplete]y in accord with its British
distribution (see below.)

Bosmina coregoni

I found this gpecies in Bastrup 86, Arress6, Ugl 86, and Almind 86,
in Denmark. | would probably have found it more frequently had | been
seriously collecting plankton. | have never found it in England.

It is of interest that two of these lakes are sli* tly acid
according to the Hiller6d staff, though both also contained D. cucullata.
The record of both B. coregoni and B. longispina in the same collection from
one of these (Almind 86) is of interest.

Bosmina coregoni, thou”* widely distributed is distinctly rare in
the British Isles (see for instance Scourfield and Harding, 1941)#  Thus
it is not very surprising that | have not found it there. On the other hand
it is the commonest member of its group on the central European plain. |
have collected in a number of habitats that would appear suitable to it
without success. This distribution of these two related “ecies recalls
the distribution of D. hyalina.and D. cucullata. A difference is that
Bosmina longispina, unlike Daphnia hyalina does not show a greater range of
habitats in En*and that it does in Europe. Unfortunately there seems to
be no obvious explanation of ibese anomalies in the English distributions

of planktonic Cladocera.
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Ophryoxus gracilis
Loch Ness, 23.6.50.

This extremely rare Cladoceran is only known in the British Isles
from Loch Ness, Loch Oich, and the intervening portion of the Caledonian
Canal. It is a sub-arctic species and these are its most southerly
localities in Europe.

It is a weed-dwelling species (Birge 1918), but little seems to
be definitely known of its ecology. Thefauna associated mth it in ny
collection suggest that it has habitat Requirements similar to those of
Sida crystallina. vhich does not seem to occur in Loch Ness. As | have
pointed out in part 1, this is one of the very few Cladoceran species in
which tenperature seems to be the most important factor determining the
distribution, though this has not been checked experinentally.

llyocryptus sordidus.

Wray Mires 11, 24.8.49., scarce; Druhken Duck Tam, in mud,
27.8.49., scarce. Low Wray Bay, Windermere; = Upper Havenfield Dam 28.8.49.,
scarce; 30.8.49., scarce* Eowlmere, Thetford 10.7.48.* Children's
Boating Lake, Regent's Park, 26.10.48., scarce, 30.1.50.*, scarce, eggs c.4,
18.11.48., scarce, 14.7.50., scarce, 12.10.50., very scarce eggs c.5;
Regent's Park Lake, 1.3.50., numerous, eggs c.5, 28.3.50., numerous eggs c.6,
24.4.50., numerous, eggs moderate, 28.4250., Bridge 2, scarce, eggseg, 8.5.50.
very numerous, some even at surface in floating debris, 15.6.50., numerous,
eggs C.9* Water Lily Pond Queen Mary's Garden, 29.3*50., very numerous,

3 to 4 eggs, 12.5.50., very numerous eggs ¢.5, 24.6.50., numerous, eggs

moderate, 18.10.48., scarce, 26.10.48., very scarce, 29.4.49., scarce.
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23.1*50,, numerous®* Diana Pond, Bushey Park, 12*1,49., scarce; Highgate
I, 21.2.49., muddyish margin, veiy scarce; Highgate IV, 13.5*50., in
reeds, scarce; Connau”t Water, 25.3.50., numerous eggs 4 to 6; Warren
Pond, 25.3*50., in rushes one young only.

This “*ecies is not often recorded, hut this isprobably a result
of its burrowing habits, -vhich are well-known (Wesenberg-Lund 1939, etc.).
Berg (1929) and Scourfield and Harding (1941) think that it is really not
uncommon. Idlljeborg says that it is not found near t he shores of lakes
but may be found in depths of 40 to 60 metres. However Berg has found it
in small localities in shallow water and most English records seem to be for
such habitats. Whilst it is well-known to be a burrowing species, | can
find no opinions as to the sort of nud in which it burrows.

My collections indicate that the species is only to be found in a
very well-defined type of habitat. It lives burrowed in soft flocculent,
brown lake mud, which is not greatly de-oxygenated, and it is also only
abundant udiere there is a supply of small algae eitherin ihe mud orin
the overlying water.  Such deposits are characteristic of depths of from
A to C.3 metres in small eutrophic lakes, and may also occur in patches in
less eutrophic small lakes. @ Whenever | have been able to obtain adequate
collections from such muds | have always found the i“*ecies. In Prederiksborg
Slotss6 and Karlssb, Hillergd, the bottom is largely of this type and the
species ought to occur. Though | was unable to find it nyself, it has in
fact been recorded from both lakelets. With the exception of the collections
from the Children's Boating Lake, all nmy records of this species away from
such habitats are for localities which do in fact contain such habitats, so

that ny specimens, always few in nun?b, were probably wanderers from the
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main population. The bottom of the Children*s Boating Lake is formed by-
thick deposits of living and dead Algae, cast carapaces of Cladocera, and
vegetable detritus. Though chemically different from true lake nmud this
has much the saine the texture. Thus it is possible that it is the
physical character of the mud, and not its chemical nature, which is of
most importance.

The rarity if this species in the littoral region of large lakes
is ea® to understand in view of the rarity of suitable deposits of mud,
whilst it would probably be expected in the bottom muds of deep water,
provided the hypolimnion contained a fair supply of oxygen. Thus this
concept of the ecology of the species reconciles the observations of Berg
and Lilljeborg.
llyocryptus agilis
Cranta Inn Pool, 26.7.48., numerous; Log 86, 5*8.50., I1l, scarce, no eggs,
IV, numerous 0 to 2 eggs; Jaegerbakke Dam, 30.8.50., very scarce, one with

8 eggs.

This is less strictly a burrowing form than |I. sordidus.
Scourfield and Harding (1941) say it is rare, and occurs in nmud and amongst
weeds, and this adequately sums up current opinion. My records are from
silty rather than truly muddy places, always near to weeds. | have never
found it in a typical |I. sordidus habitat.

Macrothrix laticomis

West Ditch, Ooldham Common, 2.5*7*48., scarce; Coldham Brook,
25.7.48., scarce; Hampstead 1, 1.11.48., very numerous, one ephippiate,
27*5*50., scarce eggs 2; Hampstead 2, 1.11.48., scarce; Hampstead 3#
12.11.49., open bottom and cut reeds, scarce, eggs 1 to 2, 9*3*50., open

bottom, numerous, eggs 2, 27*7*50., not very numerous in open, veiy numerous

in weeds, eggs c.6; Highgate 1, 13*5*50., scarce, eggs c¢.5, 5*7*50., very
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scarce eggs 2; Highgate 2, 15#1*50., away from margins, scarce, eggs 2;
Vale of Health pond, Hanpstead Heath, 16.10.50., very numerous, eggs c.2;
Viaduct Pond, Hampstead Heath, 16.12.50., very numerous, mostly young or
empty; Hampton Wick Pool, 5*2.49#, under ice, very numerous; Hollow Pobd,
23.2.49*, numerous at margins; Warren Pond 22.10.49*, very numerous,
25*3*50., numerous, eggs c.5; Connaught Water 11, 25.3*50., not very
numerous, eggs c.4; Newt Pond, Putney Heath, Sf.3.49*, scarce, only away
from weeds; Hadley Wood ’'Lake’, 23*5.49*, scarce.

Poulsen (1928), gives this species as occurring in mud, a record
which | find it impossible to reconcile with ny findings. Scourfield and
Hading say it is widely distributed but not common, occurring at the margins
and bottoms of ponds ah d lakes, especially those of a sandy nature. Berg
(1928), also considers that the species is rare.

My records shown that in the London area at least it is anything
but rare. They strongly confirm the opinion that the species is most often
found in localities with a sandy bottom. Indeed | consider this to be one
of the principal features in the ecology of the species. Almost all ny
specimens were taken over a bottom of sand consolidated with a little silt.
Sometimes as at Hampstead 3, and Connaught water | have taken a few
individuals over bottoms of pure silt, but in all these cases the species
was more common on adjoining patches of pure sand. In dealing with these
bottom species it must be remembered that it is the mrixro-habitat which is
important. A habitat as a whole may be characterised by silt or mud but
contain isolated.patches of more sandy material on which M. laticom s

individuals congregate. It is thus possible that Poulsen's muddy
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localities did not after all differ very fundamentally from those in viiich
| have found the species.

Pacaud (1939) considers that this species, does not occur in
waters with a hi?* calcium content, nor in dystrophic waters. The latter
statement may well he true, hut the first is definitely untrue. The
various pools on Hampstead Heath all have distinctly hard, thou”? not very
hard water, and the same is probably true of ny other localities. It may
be suggested that the real restricting factor in Pacaud*s localities also,
was the nature of the bottom deposits, since sandy bottoms w ill tend to be
uncommon in pools with a high calcium content, in most districts. The
large number of pools with hard water and sandy bottoms in the London area
is certainly an unusualy feature.

Whilst consolidated sand seems to be the most favourable habitat
for this species, loose sand is definitely not a usual locality. | have
never found a single specimen on the stretches of loose coarse sand,
conmon in lakes.

Macrotlirix hirsuticornis f. arctica G.O. Sars

Apus pond, *odhs-H ill, Hants, 31.10.49., very scarce, eggs 15 to
24+, length 1.5 nm;

Macrothrix hirsuticornis, which includes M. arctica, 0.0. Sars,
and in my opinion also M. propinqua 0.0. Sars, is common in the arctic and
fiintarctic, rare in temperate regions, and extremely sporadic in the tropics
(Parenzan, 1942)% The form arctica is the only form found in the Arctic,
but is only very rarely reported from temperate countries (Berg 1933,
Parenzan 1942). In the arctic it occurs in both lakes and pools, and may

be very abundant, as it was in nmy Bear Island material. Berg’s record is
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for a small temporary pool.

I have not found the typical form of this species, hut | have been
fortunate enough to collect “ecimens of f. arctica which has not been
previously recorded from this country. My specimens (figs. 10 to 13)
agreed in most features with those described by Berg, but differed in a few
unimportant details. The groups of anal denticles were even more numerous
than in his form being c.l12 in number. The abdominal setae were setose for
50* of their length (fig. 10). In size they were even larger than the
largest populations of f. arctica of which | have seen records some of ny
specimens reaching 1.8 mm in culture. The antennules differed slightly
from those usually recorded for the species, since they had only 4 to 7
instead of 6 to 9 lateral rows of setae on the anterior margin (fig. 13) but
this difference is not sufficiently important to affect the identification.
| obtained a numiber of males in culture, which appeared to agree in all
characters with those described by Berg. The male of the typical form has
never been described.

Berg regards f. arctica as merely a luxuriant form of Macrothrix
hirsuticornis. developed under good conditions. In view of its sporadic
occurrence in temperate countries, this view is tempting, but it cannot
easily be reconciled with the constancy of characters which the form
exhibits in culture, even when no particular care is taken to ensure good
conditions.

% locality and that of Berg are remarkably similar, bothbeing
grass -bottomed temporary ponds with at the most slight pollution. In both
ponds the species was associated with Chirocephalus. The Branchiostracan

fauna of nmy the Apus pool at God’'s H ill is highly remarkable consisting of
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five species of which four are rare or very rare”?: Chirocephalus diaphamos;
Triops cancriformis. Macrothrix hirsuticornis f. arctica; and Alona
eleganso The remaining species is Chydorus sphaericus. the commonest of
all Cladocera, but rarely found in tempor*aiy pools*

Macrothrix tenuicornis.

W itt's Farm, @dfo H ill, Hants, 8.6.50., very abundant, eggs c.4
(O to 8), temperature 24 C.

This species is often recorded as M. rosea but it is certainly not
the same as Mbnoculus rosea Jurine. Scourfield and Harding (1941) call it
Echinisca tenuicornis but it is now generally agreed that the gems
Echinisca must be abandoned (Brehm, 1933*)

The “ecies has often been confused with M. hirsuticornis. but
there is no real difficulty in separating them. M. tenuicornis has slender
antennules not broadening at the tip; it has two conspicuous lateral
ridges on the head; and the anterior margin of the head bulges out in
front of the eye; the abdominal setae are borne on a distinct conical
process. In all these features it differs considerably from M. hirsuticcrois.

This is a southern “>ecies and the British Isles are at the
extreme northern edge of its range. It is very rare and in the last
hundred years it has only been collected ftom some 8 widely separated
localities, five of them in Ireland. The only English records are for a
pond on Larling Heath, Norfolk (Gurney, 1933), and for Hi*ow Tarn, in the
Lake District (Scourfield and Harding 1941). These are the only two
occasions on which it has been recorded in the last 50 years. Scourfield
and Harding give its habitat as ponds and ditches. This vague description

fits ny locality, and seems to be all that can safely be said. I, at least.
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cannot find soay significant features common to a duck-pond, such as ny
Hanpshire locality, and a hi*, peaty tarn, such as Highlow Tarn.
Lathonura rectirostris

Brothers Water, 17.8.49#, scarce, eggs 2 to 8; Wray Boat Dock,
Windermere, 8.8.49., very scarce, many eggs; Jesus Brook, x.3.48; Granta
Inn Pool, 8.7.48., one only; Hanpton Long Water, 27.1.49., numerous;
Hjorte Sodle 1, scarce above sphagnum and in outside puddles, eggs 4 to 7;
Storre Gribsb, 3.8.50., IV, very numerous, eggs c.4; Log sO, 5.8.50., TV,
very scarce, eggs c.4# )

Though this is not a common i*ecies it is probably less rare than
is generally believed or than ny records indicate. | have only found it w
when | have included fragments of water plants in ny collections, and it
adheres to these very tenaciously. Jenkin (1928) has noted this behaviour
under natural conditions. It is thus liable to be overlooked by
collectors using ordinary methods.

As is well-known (Jenkin 1928), Scourfield and Harding 1941, etc.)
this is not a bottom form, unlike most Macrothricidae. In general it occurs
amongst thick vegetation in the same sort of habitats as Simocephalus spp.

Poulsen (1928) thinks that the i*ecies is confined to weakly
alkaline waters, not occurring in acid waters. It certainly may occur in
very acid waters and my records indicate that it is almost indifferent to
the pH. of the habitat. Professor Berg tells ne that he holds the same
opinion.

The comparative rarity of this species is not easily explained.

It is however possible that it needs comparatively stable environmental

conditions. All ny localities; large lakes; highly acid lakes; and



- 162 -

semi-lenitic waters can be considered as being conparativety stable in this
sense.
Drepanothrix dentata

Wharton Tam, 14.8.49., numerous; Wray Mires |11, 24.8.49., very
numerous; Wiseen |lI, 24.8.49., very scarce; The Tarns, 27.8.49., 11,
very scarce.

According to Scourfield and Harding (1941) this rather rare species
occurs amongst weeds at the margins of ponds and lakes. It is a species
which always shows a strong negative phototropism, (Birge 1918) and so is
usually found hidden under detritus. Berg (1928) has only found it in
three localities, all woodland ponds. It occurred on miiy bottom in half
to two metres depth.

Despite the fact that it is a bottom species ny records do not
show aiy very marked association with different types of bottom, and Snyly
(in litt.), informs ne that its distribution in Three Dubs Tam is not
correlated with t he nature of the bottom, but is correlated with the
thickness of vegetation.

General records show the species is much more common the the
northern portions of the British Isles, than it is in the southem portions.
It appears to be extremel]y rare in the London area. My localities and
laost of those recorded in the Scourfield Ms. are for habitats that have soft
water, but are not markedly dystrophic. The species appears to be
restricted to somewvdiat acid waters. The evidence available is not

sufficient to show whether or no this is due to inability of the species to

withstand high calcium concentrations or to conpetition.
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Streblocenis serricaudatus

Drunken Duck 1, 6.8.49., very scarce; 27.8.49., scarce; Yew
Tree Tarn, 13.8.49., scarce; Tarn Hows, 13.8.49., Il1l, very scarce;
Hjorte SBle, 1, 29.7*50., very scarce, eggs 2, 25.8.50., scarce.

A ll authors accept this ipecies as being almost conpjetely
confined to very acid localities, though Poulsen (1928) has collected
individuals from a pond with pH. 7.6. It is normally considered to be a
Ahagnophile (Berg 1929, Pacaud 1939, Scourfield and Harding 1941), but it
is noteworthy that conparatively few of the published observations refer to
true bog pools, the *ecies being normally reported from the margins of
acid lakes and pools, often, but not invariably associated with Sphagnum.
Three of my collections are for such localities and in none of them was
there much sphagnum, thou” in all there was plenty of vegetation. The
species is known from Windermere and Bydalwater, which are unlikely
localities for a i*hagnophile. It is more correct to say that this species
is almost confined to strongly acid waters. Since it is a bottom form and
is usually collected in shallow water, it will often be associated with
Sphagnum, though the association is not essential. In structure and habits
the species approaches very closely members of the genus Macrothrix and
it seems not unlikely that it is competition with these which restricts it
to acid waters, since Poulsen*s record shows that it can live in slightly
alkaline waters. Such occurrences are however very unusual, aind Brehm
(1933) cites this species and Acantholeberis curvirostris as two exceptions
to his generalization that a*4 group the Cladocera are largely indifferent

to the pH. of the medium.
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Acantholeberis curvirostris

Loch a *Hauirt-Ruaith, 7*9048., very scarce; Loch Skiport H ill
Pool, 9#9.48., very scarce; Rueval 1, 9.9*48., very scarce; Hjorte
Soéle 1, 29.7.50., abundant over Sphagnum, eggs c.4 (2 to 6); 25.8.50.,
plankton throw, one only; Hjorte Séle 2, abundant, eggs mostly 0 to 2;
Bonderness Mose 2, 3*8.50., very numerous, eggs c.2; Bondemess NMose 3,
3.8.50., one only, = eggs; Madum SO, 9.9*50., veiy numerous over 8 eggs.

This species is so strictly confined to strongly acid localities,
that it may be taken as an indicator of high acidity with conplete
confidence. | have not been able to find a single record of this species
from non-acid waters, and, as Poulsen (1928) says, it is normally only
found in very acid waters, being uncommon in slightly acid waters. It is
generally considered to be a sphagnophile, and is in fact characteristic of
bog pools, as ny records show. It may however occur away from spagnum in
shallow waters around the margins of acid lakes. There is for instance no

Sphagnum in either Loch a* lhuirt-Ruaith, or Madum SO.

Acantholeberis curvirostris is not strictly a bottom form,
judging by its behaviour in the laboratory. Though it often moves along
the bottom it spends a large proportion of its time swimming freely. It is
also much larger than most *ecies of bottom-living Macrothricids, so that
it is impossible to regard any of them as likely ccmpetitors. Thus the
restriction of this species to acid waters is probably due to its inability
to stand the conditions present in more alkaline localities, a feature “diich
is most unexpected in a Crustacean. It may be that the real limiting
factor in the distribution of thia species is the necessity for very constant

chemical conditions of the environment. Such constancy is shown to a high
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degree by very acid waters.
Burycereus lame11atus

Upper Locb Altabruig, 31#8.49., one very young individual only;
Loch a * Phuirt-Ruaith, scarce, all small; West Loch Eilean a *Ghille,
809048., numerous, a few large; Loch Skiport Hill Pool, 9.9*48., very
abundant many large; Loch Ness, 23.6.50.; Lower Greasborou® Dam x.7.48.,
margins only, very scarce; Wray Boat Dock, Windermere 5.8.49., very
numerous, eggs hi*, 8.8.49., abundant, 12.8.49., very abundant, 30.8.49.,
not very numerous, small; Wray Jetty, Windermere, 8.8.49., abundant, ,
12.8.49., very abundant, hi* eggs; 30.8.49., very abundant, large, hi*
eggs; Wray Boat House, 30.8.49., not very numerous, hi* eggs; Lew Wray
Bay, 12.8.49., very scarce; Brathay Mouth, Windermere, very scarce, small;
Blelham la, 18.8.49., very scarce, young only; Blelham Ib, 18.8.49.,

numerous; Bldbam Illb, 19.8.49., not very numerous, young only; Blelham

IVb, very scarce, young only; Tarn Hows 111, 13*8.49., not very numerous,
eggs low, 27.8.49., numerous, mainly small; Brothers Water I, 17.8.49.,
scarce, mostly young; Coniston Water 111, 20.8.49., numerous, all small;
Easedale Teum, I, 22.8.49., very scarce all small; Wray Mires Il, scarce,
mostly small; Wiseen |I, 24.8.49., numerous” large, few eggs; Drunken

Duck Tarn, 27.8.49., very scarce away from reeds, very numerous in thick
reed* bed large, meic* eggs; Diana Pond, Bushy Park, 12.1.49., numerous,
very pale; Hanpton Longwater, 27.1.49., numerous, 26.2.49., numerous;
Hanpton Wick Pool, 3.2.49., under ice, scarce; Little Stanmore 1,
numerous in Potamogeton; Little Stanmore 2, 9.7*49., in Potamogeton.
not very numerous, eggs low, 12.10.49., not very numerous in thin weeds,

scarce in thick weeds, eggs very low, 1 to 3; Cam above St. John*s.
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Cambridge, 8.7.48., two; John’s - Trinity Dyke, 8.7*48., moderately
abundant, 26.7*48., abundant; Granta Inn Pool, 8.7*48., two, 10.8.48.
adults scarce, young numerous; Jesus Brook, 18.7*48., scarce: Coldham
Brook, 25.7.48., one only; I"ke 448.578., Cambridge, 4.8.48., abundant;
I"ke 448 576, Cambridge 10.8.43., numerous; Powlmere, Thetford, 10.7.4B.,
numerous; Badstue Dam, 20.7*50., very numerous, many eggs, 30.8.50.,
scarce, only one adult; Storre Gribsé, H I, one young only; Esrum SO,
Sorup Bay, 15*8.50., numerous, large, eggs c.l2: Karlss6 19.8.50., very
scarce, one with 8 eggs; Borresso6, 10.9*50., very abundant* not in reeds.

A1l authors are agreed that this species is characteristic of the
weed-zone of lakes and large ponds, and scarcer in small ponds. Poulsen
(1928) also records it in small ponds without vegetation, but this is an
unusual situation. Poulsen gives not details as to other characters of
these ponds vdiich mi*t throw li* t on the occurrence. My only records
from very small localities are for those such as Jesus Brook, -vdiich are
semi-lenitic, or those such as the Loch Skiport Hill,Pool which are acid
and peaty.

This i*ecies is the most nearly adapted to life in lotie
environments of all species of Cladocera. It is recorded from a very large
number of slowly flowing rivers, where, as in iiie Cam, it occurs amongst the
marginal vegetation.  There are a few records for rather fast rivers (e.g.
Erichsen Jones 1949, Frost 1950). In such situations it may occur on the
bare bottom of small pools in the main stream.

Poulsen (1928) considers that the species is characteristic of
weakly acid or alkaline waters, and conparativeiy rare instrongly acid or

strongly alkaline waters. @ My records show no such preference, and it seems
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certain that the species is really indifferent to a very wide pH* range.

E* lamellatus is clearly very catholic in its habitat preferences,
and the rarity with which it is found in small ponds, which appear to be
perfectly suitable, is thus rather surprising. Pacaud (1939) suggests that
it is very sensitive to pollution. This is probably true, but cannot
explain all the facts, since the species is definitely uncommon in
unpolluted small ponds. For this, as for other species shovdng a similar
distribution | believe that stability of environmental conditions is an
inportant factor.

The Chydorinae;

In most of the species of this sub-family distribution is
controlled chiefly by the ccnditions of the micro-habitats present in lakes
and ponds. Thus it is not usually possible to associate “ecies with any
particular type of water body, and quite often there is not correlation
with the larger zones within a locality. In these circumstances only
conplete lists of all field records would be useful. For this reason |
shall not give locality lists in detail except for a few species of *ecial
interest, and for rare species.

Camptocercus rectirostris

Esrum 85, 23.7*50., Pipervang IV, very scarce, 2 eggs; Storre

Gribsd 3.8.50., Il, very numerous, IV, abundant.

This *ecies is said to be conmon in Denmark (Berg 1928), but it is
rare in the British Isles (Scourfield and Harding 1941)* My two records
do not allow ne to add to knowledge of its occurrence, but they agree with

the distribution given by Berg, 'who. considers it typical of the margins of
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lakes and large ponds when there is some vegetation. In both localities
the speies was living in fairly exposed situations where the weeds were thin.
These situations approached those in which Alonpsis elongata is found in the
northern lakes of the British Isles. The two i*ecies are very similar in
build and behaviour, though Alonopsis elongata is more of a bottom form.
This latter species is very rare in Denmark and it seems possible that the
distribution of the two species is partly determined by competition. It is
noteworthy that Pacaud also considers that situations where the leis a fair
amount of i,7ater-mevement are most favourable to this species.

Poulsen (1928) makes the rather surprising statement that the
species is characteristic of acid waters. Its occurrence in Esrum SO, and
in other highly calcareous Danish Lakes (Berg 1929) is sufficient to
di*rove such a statement, as is rarity in northern English Lakes.

Camptocerecus Lilljeborgii

Teylgaard SO, 22.7.50., outer edge of reed-beds, scarce, eggs 1;
Log sO, 5*8.50., |, scarce, IV, very numerous; KarlssB, 19*8.50., scarce;
Valve of Health Pond, Hampstead Heath, 21.10.50., 2 males only.

This species has similar general habitat requirements to the last,
but is definitely rarer (Berg, 1929, Scourfield and Harding, 1941)*

Berg characterises this as occurring in fairly large pools and
near lalce shores, whilst for C. rectirostris he gives large pools and lake
shores. The implied distinction is that C. lilljeborgii is usually found
in somewhat smaller habitats than those characteristic of C. rectirostris.
This is borne out by his records. My records are also all for habitats of

medium size. Thus size of habitat probably influences which species of

Camptocercus is present.
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The record for the Vale of Health Pond, if established by the
discoveiy of females w ill considerably extend the known range of this
species in the British Isles. | think that ny identification of the males
was probably correct, since the two British species appear to differ
considerably according to Lilljeborg* s figures, but obviously records of
importance cannot be based on males alone. The only recorded Engli?
localities are in Norfolk.

Alonopsis elongata

Loch Druidibeg, 3*9*48., |, very scarce; Loch Druidibeg H,
9.9.48., very scarce; Loch Druidibeg H I, 9*9*48., scarce; Loch a
Machair, 4*9*48., very scarce; Loch a *Phuirt-Ruaith, 3*9*48., numerous;
West Loch Eilean a *Ghille, 7*9*48., very numerous away from weeds; Loch
Teanga, 9*9*48*, numerous; Loch Skiport H ill Pool, 9*9*48., numerous;
Malham Tarn x.3*48., not very numerous; Red Tam, Helvellyn, 4*8.49*, not
very numerous; Blelham Ic, 4*8.49*, not very numerous, Blelham la, 18.8.49*,
abundant; Blelham Ib, 18.8.49*, scarce; Blelham Illb, 19.8.49*, not very
numerous; Blelham Iva, 19*8.49., numerous; Low Wood, Windermere, 10.8.49*,
very scarce; High Wray Bay, 16.8.49%, scarce; High Wray Bay, Boat Slip,
16.8.49*, scarce; Low Wray Jetty, 30.8.49*, very scarce; Wastwater,
10.8.49*, abundant; Ennerdale, 10.8.49*, very scarce; Tarn Hows 1,
13.8.49*, scarce; Tarn Hows 11, 13*8.49*, veiy abundant, 27*8.49*, very
numerous; Tarn Hows 111, 13.8.49, .very numerous; 27.8.49%, numerous;
Coniston Water 11, 13.8.49*, extremely scarce; 20.8.49*, TH, very
numerous; UHswater I, 17*8.49*, numerous; Ullswater 11, 17*8.49*, scarce;
Ullswater 111, 17.8.49*, scarce; Brothers Water 1, 17.8.49*, very scarce;

Brothers Water 11, abundant; Codale Tarn, 16.8.49*, abundant, 15*10.49%,
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numerous; Grizedale Tarn, 22.8.49., a few fragments (the only trace
found of any Cladocera after over half an hour's collecting); Easedale
Tam, I, 22080490, very numerous; Easedale Tam, Il, 22.8.49., numerous;
Easdale Tam, 15.10.49*%, numerous, males; Rydal Water 30.8.49., in
plankton, scarce; Loch Ness 23.6.50.; Bure SO, 11.8.50., 11, abundant.

This is probably the most frequent of all Cladocera in the lakes
of the mountain area of the British Isles, but is unknown from the Midlands,
and S. and E. England (Scourfield and Harding 1941)# It is extremely rare
in Denmark (Berg 1929). It is known from the Faeroes and the Swedish
Highlands, but not from Iceland or the tme arctic (Poulsen 1939). It is
unlikely that temperature is the factor causing this apparently northem
distribution. I have found it often in localities with water tenperature in
the region of 207C, and once in water at 23*5°C (Tam Hows 27*8.49*)¢ Thus
there is no reason why the species should not occur in the S. and E. of
England, at least in spring and autumn. Other features must be responsible
for its distribution.

Alonopsis elongata is .dominantly a species of large lakes, and
high tarns, in the more barren of which it may be the only cladoceran
present in any numbers. It is typically found in somewhat e*osed or. very
exposed situations, where again it may be the only cladoceran present. It
is much less frequent and usually less abundant in sheltered situations.

It may occur in thin vegetation and even in thin reed-beds, but is rare in
thicker vegetation. It is normally found on rather coarse gravelly or
rocky bottoms, more rarely on sand, veiy rarely on silt. The nature of the

bottom and the degree of exposure seem to be the two most inportant factors

and their actions are to some extent independent.



- 171 -

These habitat requirements go a long way towards explaining the
absence of the species from 8# and E* England® since t here must be very few
localitites in which they are met. They do not, however explain why
A. elongata is absent ftom most of the large Danish Lakes, such as Esrum 86
(Investigation of this lake, Berg 1988, has been so thorough that we can be
certain that the species, if not absent, is at least extremely rare.)

It is clear that hardness of the water does not provide a
satisfactory explanation of the distribution of this species. Whilst most
of the large lakes and tarns in the north of England have soft to very soft
water a few such as Malham Tarn, have very hard water. A. elongata appears
to be flourishing at Malham (though | have recorded it as not very numerous,
it was easily the most abundant animal, in the rather sparse littoral fauna
of the stony shores of this lake.)

A more plausible suggestion is that it is prevented from becoming
established in the large Demish Lakes by coupetition with Camptocercus
rectirostris. the latter species being favoured by the more abundant food-
supply in these eutrophic lakes. If this were so one would expect the
Danish localities for Alonopsis elongata to be less eutrophic than most
Danish lakes. This is probably true of 4 of Berg's localities. The fifth
however is according to Professor Berg very highly eutrophic and polluted
(Soro 86)o | have not seen this lake myself so | do not know whether it
has any peculiar features which would offset its eutrophy. This explaiation
of the rarity of A. elongata in Denmark is thus not entirely satisfactory,
whilst no alternative sinple explanation seems to be tenable, so that the

answer to this question must be le ft uniecided.
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Alonopsis ambigua

Sorte Dam Strbdam, 25©8.50., one only; Vilde Ande Dam, Strbdam,
25.8.50., very numerous.

Virtually no-thing is known of the ecology of this extremely rare
and. sporadic species. In England it is only known from one pool in Norfolk
(Gumey 1905), whilst in Denmark the only record prior to mine was that of
Berg (1929) for the Sorte Dam, Strodam). The species appears to he a
regular inhabitant of this pool, whilst in most of its other recorded
localities it has only been found once. Its discovery in another very
conparable pool on the same estate enables ne to give some tentative theories
as to its ecology. Both of these pools are very shallow pools largely
covered with Lemna. Their bottom deposits consist of a thick layer of
decaying vegetable matter, mainly Lemna and Lemna mud# | found the species
only in and about these deposits. Thus it can be tentatively assigned to
the same ecological group of species as Ceriodaphnia setosa.

Acroperus harpae

including A. angustatus

I have records of this “ecies from 2 lakes in S. Uist; from if

localities in Cambridge; from Fowlmere, Thetford; from a pool near Loch
Ness; from Lower Greasborough Dam, S. Yorkshire; from 3 lakes and 2 tarns
in the Lake District; from 7 localities in London; from 6 lakes and if
pools in Zealand; and from 1 lake in Jutland.

A. auagustatus is sometimes recognized as a distinct species
(Scourfie Id and Harding, 1941), sometimes treated as a form of A. harpae
(Berg, 1929). The latter treatment seems to ne most correct. | have
found a number of populations, such as that in Hjorte Séle, Denmark, which

contained typical individuals of both 'species* and every possible
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intermediate. Many, probably the majority of populations which | have
seen, consist of individuals more or less intermsdiate between the two
species, though forms approaching typical A. harpae are the most common.

This species is well-known as a typical weed-inhabiting form,
commonest in the littoral region of large localities; but sometimes
occurring in smaller waters (Berg, 1929; etc.) Poulsen (1928) finds that
it is indifferent to pH.

My collections agree with these conclusions, but | am able to
amplify them. In morphology and behaviour A. harpae closely approaches
Alonopsis elongata. and the species of Camptocercus. It is less of a
bottom form than Alonopsis and somewhat smaller than Camptocercus. but it

probably conpetes to some extent with each of these species, and its

distribution is somewhat conplementary to theirs. I have found Acroperus
harpae with both Alonopsis elongata. and Camptocercus spp., and Pacaud also
finds that Acroperus and Camptocercus are commonly associated. The
detailed distributions of the species differ, however. Acroperus is most
abundant in thick vegetation, and is rarely found in exposed places, even
where the vegetation is conparatively dense. On the other hand Alonopsis
and Camptocercus are rarely abundant in thick vegetation, though often
abundant in thin marginal vegetation. They are usually most abundant in
somewhat exposed situations. The interactions between these species are
rather complex, and are further complicated by relations with Pleurcxus
truncatus. which frequents somei?fiat similar habitats (see below.)
Graptoleberis testudinaria

Cranta Inn Pool, 8.7*48., one; Jesus Brook, x.3.48., numerous;

Chalk Lane Pool, 23.5*49*, scsirce; Hjorte S51e 1, 29*7*50., marginal
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puddles, scarce; Storre Gribsb, 3*8*50%, IV, not veiy numerous; Lille
Fonstrup Dam, 14*8.50*, scarce; Fbnstrup Dam, 14.8.30., very scarce;
Karlss6, 19*8.50., scarce; Vilde Ande Dam, Strodam, 25*8.50., very
numerous; Eraestevang 1, 2.9*50., one only, ec’ty.

This species is almost certainly more common than ny records
indicate. Its minute size and burrowing habits make it very difficult to
find in collections. These habits probably also account for the well-
known fact that it is very unusual to find more than a few individuals of
this species in any collection.

Most authors, e.g. Scourfield and Harding (1941), regard this as
a bottom form occurring dominantly amongst weeds. Poulsen (1928), however
notes it as occurring on muddy bottoms without showing any marked
association with the presence of vegetation. My results support this
conclusion. Most of the habitats from which | have collected the species
are weedy, but it is distributed within, without regard to the weed-cover,
on a bottom of silt or mud | have not found it however in the typical
brown lake muds frequented by llyocryptus sordiddus and Leydigia.
Restriction to a particular type of mud seems to be the dominant feature of
the ecology of this q)ecies. Since the required type of mud, normally
occurs in association with vegetation, a furious correlation is produced
between the occurence of this species and the vegetation of the locality.

Poulsen (1928) regards this species as acidophil, and as rarely
occurring in markedly alkaline waters. My results do not sipport this

conclusion, but indicate that the species is indifferent to pH.
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Leydigia leydigi

Cam above St. John's, 8.7*48., one only; Hobson's Brook,
Cambridge, 17.7.48., one only; West Ditch, Coldham Conmon, 25.7.48.,
scarce; Coldham Brook 25*7%48., very scarce; Dyke 448.578., Cambridge,
4*8.48., very scarce; Lower Greasborough Dam, 17*9*48., scarce; = Hampton
Wick, 12.1.49%, scarce, 32*49*, under ice, very scarce; Colder's Green 1,
7*6*49*, scarce; Warren Pond, 22.10.49*, very scarce; Connaught Water,
25*3*50., very numerous; Hampstead 3, 27*5*50., in ruéies scarce;
Hampstead 1, 27*5*50*, scarce; Island Pond, Queen Mary's Garden, 8.'5.50«,
very scarce, 25*10*50., veiy scarce; Water Lily Pond, Queen Maiy's Garden,
probably throughout the year,' though | have no records for November to
February; Children's Boating Lake, Regent's Park, throughout the Autumn
and Winter, not in summer, ephippial reproduction occurs in autumn;
Regent's Park Lake, throughout autumn, winter and spring, rarely in summer,
ephippial reproduction in autumn and late spring.

According to Scourfield and Harding (1941) this spe”s is common
and widely distributed in the British Isles. In Sweden it is sporadic
(Lillleborg 1900), iidiilst Berg has only found it in four localities, all
lakes, in Denmark. It does not occur in Iceland or the arctic (Poulsen
1939)* Temperature cannot be the factor limiting the northwards spread
of this species, since it is often abundant in winter® In nmy experience it

can live and reproduce under ice, and Berg (1929) has found it flourishing

under ice in Denmark.

The typical localities for this species in England are small
waters according to Scourfield and Harding, and this agrees with my

experience. However, this apparent preference for small bodies of water is
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probably spurious as in the case of llyocryptus sordidus. which has a very
similar habitat requirements.

Leydigia leydigi is in ny experience almost confined to typical
brown lake muds, or the veiy similar deposits in lenitic environments, ard
normally remains burrowing in them. In shallow waters, as the Children's
Boating Lake, it may, when very abuida#, sometimes become partially
planktonic. However this behaviour does not appear to be correlated with
any special environmental conditions. This species, as llyocryptus
sordidus, occurs in Prederiksborg Slottsstt, and in Karlss6, though Ivfailed
to find it there. It is probably present in all lakes with suitable
deposits of mud.

This species is distinguished from the closely allied Leydigia
macrodonta G.O. Sars by : 1, the non-triangular ocellus; 2, the presence
of very faint reticulations in the posterior region of the carapace; 3>
the possession of a definite not vestigial spine of the claw; 4> the
shorter lateral spines an the post-abdomen; and 5* there being two long
spines in each group lateral spine group.

Jenkin (1934), described, a form, Leydigia macrodonta v. louisi
which she herself pointed out approached L. leydigi very closely. The
carapace markings and spination of the post-abdomen are as in L. Leydigia
but the spines are noticeably long and slender (in her figure the longest
spine is 38”7 of the claw length), and the ocellus is triangular. The claws
have a definite basal spine.

The form in Regent's Park Lake, which is certainly L. leydigi.
closely resembles this variety of Jenkin. The spinulation of the post-

abdoman is almost identical, but the longest spines are not quite so long,

(modal length of 10 individuals 46? of the length of the claw.) The basal
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spine is very variable. It may be as large as in typical L.leydigi. or
even smaller than in Sars figures of L.macrodonta. @ The carapace markings
are exactly as those described by Jenkin. The ocellus is as in -typical
L.leydigi.

According to Lilljeborg*s figures the spines of typical L.leydigi
attain to 40%of the length of he claws, whilst from Sars* (1916)figure of
L. macrodonta they reach of the length of the claw in this species.

Thus there are a continuous series of forms leading from L.leydigi
to L.macrodonta. and they must be regarded as forming one species.
Tentatively, | recognize three geographic subspecies: Leydigia leydigi
leydigi. holarctic and N.Africa; Leydigia leydigi louisis. E.Africa; and
Leydigia leydigi macrodonta. S. Africa.

Leydigia acanthocercoides

Children's Boating Lake, Regent's Park, 11.10.49.,abundant, many
young, some ephippiate, males, 4.11.49., numerous, males, 18.11.49., numerous,
mostly enpty, 30.10.30., very scarce, ephippiate; Regent's Park Lake, July to

November, ephippial reproduction in October after -which the species becomes

very scarce.

This is a rare species confined in the British Isles to the S. and

E. of England, and to Ireland (Scourfield and Harding, 1941)*

In ny localities it appears to replace L.leydigi in the summer. It
certainly does not -win-ter. Temperature thus seems to be an important factor
in its distribution. Apart from this | can detect no way in -which its
requirements differ from those of L.leydigi.

Qxyurella tenuicaudis
Praeste-vang 1, 22.7*30.,scarce,1.8.30. ,veiy scarce. This is -he

same as Alona tenuicaudis. Nothing definite is known of the ecology of this
rare species. Its occurence,burrowed in Lemnamud at Praestevang 1, suggests

that it may belong to -the Ceriodaphnia setosa ecological group, but there is

certainly not enough evidence a-vailable to prove this.
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, Alona affnis

I have records of this species from the Loch Skiport Hill Pool in S.Uist;
from Loch Ness; from Blelham, Ullswater, two tarns and the Drunken Duck

Pool in the Lake District; from the Middle Revenfield Dam in S» Yorkshire;
from Groby Pool, Leicester; from 18 localities in Cambridge; from 6
localities in Zealand; and from 1 lake in Jutland. | have found specimens

in every month of the year. With a single exception all ny records are from
bottom collections. This exception is its occurrence in considerable numbers
in the plankton of Queen MLary's Reservoir, on 6*2.51.

Scourfield and Harding (1941) say that this species is very conmon
and occurs among weeds by the margins of ponds and lakes. Poulsen (1928)
says it is commoner amongst weeds, but also occurs in weed free areas.

W records show that there is no particular association between this
species and littoral vegetation. It is commonly present amongst weeds, but
is often found away from them. It is equally abundant in adjoining weed-free
and weedy areas, provided that the bottom conditions and the degree of
exposure are similar.

Thou”? odd individuals may occur on a wide variety of bottoms, |
find that this is predominantly a species of sandy bottoms, becoming very rare
on muddy bottoms. Unlike Macrothrix laticornis it is not restricted to
consolidated sands but may occur on the extensive areas of loose sand found
in large lakes. In such stations at Ullswater and Esrum S6, it was fairly
numerous, and almost the only cladoceran present*

It can tolerate moderate degrees of exposure but is not found in

very exposed situations, and is more coomon in sheltered places, provided that
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the other habitat conditions are satisfactory. In ny experience the species
is indifferent to pH. and to the size of the habitat.

Alona Quadrangularis
I have records of this species from two lakes in S.Uistj from the
Lower Greasborough Dam, in S.Yorkshire; from 12 localities, including
Regent/8 Park Lake in London; and from the Arressft in Denmark.

Scourfield and Harding (1941) say that this species occurs in more
or less acid waters, whilst Scourfield (1895) thinks that it tends to
replace A»affinis in the soft-water lakes of N*Wales. Poulsen (1928) also
considers that it is most characteristic of acid or slightly acid waters.
Berg (1929) records it from a number of lakes with hard water.

My experience agrees with that of Berg, and | amnot at all
convinced that either of these two speciesis affected by pH. to anysignif-
icant extent. | can detect no reliable differences in ecology,- between
A .afflnis and A.quadrangularis which often occur together. Berg has
expressed the opinion that the two are notreally distictspecies, and | also
feel doubtful about their distinction. Certainly there are forms that
disagree with both species but clearly belong to this complex. Brehm (1933*")»
makes no attempt to distinguish the various members of the affnis group,
and until such a revidon is carried out it is unsafe to attempt to
distinguish differences in ecology.

Alona rectangula
Jesus Brook x.5.48.; Highgate 2,13.5.50*¢ numerous arround algae detritus
masses; Children's Boating Lake, i2.10.50., very scarce, carapaces had

been found in two previous collections: Karlass® 19*8.50., very scarce;
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Praestevang 1, 2.9*50. one young.

ucourfield and Harding (1941) only say of this species that it is
coomon in weakly acid or alkaline waters. Poulsen (1928) considers that
it occurs most often in shallow vegetation rich water. My rather miscellan-
eous collections agree with these opinions but do not enable ne to add
anything to them.

Alona costata
Log S6, 5*8.50*# 111» very scarce; Esrum S6, 15.8.50., Sorup Bay,
scarce; Praestevang 1, 2.9*50., very scarce.

My failure to find this species in the British Isles is rather sur-
prising, since it is supposed to be coomon (Scourfield and Harding 1941)*
Poulsen (1928) considers that it is the commonest Alona in the vegetation
zone of lakes and large ponds. My specimens are fron such habitats
with plentiful vegetation, but even in Denmark they indicate the species
to be rare rather than coomon. It is well known that personal idiosyn-
crasies of collecting method may cause a viorker to overlook a species,
that other workers find fairly common- Even making due allowance for
this possibility |1 still feel that, had this species been as common during
the last three years as previously, | would have found it more often. There
is at least a prima facie case for a drastic reduction in numbers.

Alona elegans
Apus Pool, j 19*3*50** numerous.

Virtually nothing is known of the ecology® of this extremely rare
species which has only been found in a very few localities in S.Germany,

England, and North Africa (Brehm 1933). thou#i it has been known for
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over 00 years. The only English records are for small pools in
E.Yorkshire and Norfolk (Scourfield and Harding 1941, Scourfield, 1903).
All that can safely be said from these facts is that it is a species of
small habitats. Presumably it cannot stand highly polluted waters, since
it has never been recorded from Daphnia ponds.

Rhynchotalona falcate
Storre Gribsft, 3.8.50, 111, abundant.

This is a burrowing form (Wesenberg-Lund , etc.) but does not
frequent muddy habitats. Poulsen (1928) only found it in a few localities,
which all had pH values between 7.1 and 7*9* This would indicate that the
species prefers weakly alkaline waters. Its abundance in the strongly acid
Storre Gribsi> is against this, as is also the fact that it is commoner in
the north than in the South of England (Scourfield and Harding, 1941)*

Rhynchalonella nov.gen.

Lynceus rostratus Koch has been very variously placed in the past.
By Lillijeborg (1900 it is included in Lynceus ( « Alona). Birge (1918)
places it in Alone11a s.n. Brehm (1933) niso treats it as a species of
Alone11a, though in his list of African Cladocera (19331») he records it
as Leptorhvnchus ( « Rhvnchotalona). Most recent authors, such as
Pulsen (1928), Berg (1929) and Scourfield and Harding (1941) treat it as
a species of Rhynachotalona. Birge first recorded this species for
N. America as a species of Pleuroxus (Pleuroxus acutirostris).

It is clear that its exact relationships are uncertain, and it
has no particular affinity with any of these genera. For this

reason | am proposing a new genus to include it#
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The characters of Rhynchalonella are as follows
Rfoderately compressed, somewhat elongate low forms, with a general build
somewhat recalling that of a Pleuroxus of the striatus group. Dorsum
only slightly arched, not crested. Free hind margin of carapace more or
less perpendicular to the dorsal and ventral margins and less than half the
greatest height of the carapace. Carapace longitudinally striate in the
type species; reticulate in Rhynchalonella dentifera. Rostrum long, slender,
recurved, and acutely pointed. Ocellus almost, or quite as large as the
eye. The post-abdomen is of moderate size and aloniform. The pre-anal angle
is not well-marked. The distal portion of the post-abdomen is rounded.
There are a number of short marginal denticles but no lateral fascicles. The
anal emargination is not very deep. The claws are of moderate length with
a single basal spine. The males closely resemble the females, but the post-
abdomen is somewhat tapering.

Type species; Lynceus rostratus Koch » Pleuroxus acutirostris Birge

« Rhynchalonella rostrata (Koch)
Other species : Leptorphynchus dentifer Daday = Alone11a dadayi Birge
« Rhynchalonella dentifera (payday)

The genus is distinguished from all species of Alona by the very
much longer rostrum and by the short free posterior carapace margin. From
Pleuroxus it is distinguished by the larger ocallus, the presence of one,
instead of two, basal spines on the claw, and the different structure of the
post-abdomen.

From Rhynchotalona it is distinguished by the short free hind-margin

of the carapace, the rounded as opposed to angular post-abdcxnen, the absence
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of lateral fascicles, and the shorter rostrum which is not flattened and
bifid in the male.

From Paralonella (perhaps best treated as a sub-genus of Alona) it
is distinguished by the long rostrum, the more elongate form, and the absence
of lateral fascicles on the post-abdomen. From Pleuroxalonella (sub-
genus of Alonella)- it is separated by the more elon*te form, the
longer rostrum, and the presence of only one instead of two basal spines.
From Alonella s.s. it is readily distinguished by the aloniform rather
than chydoriform build; the aloniform rather than chydoriform shape of the
post-abdomen, the longer rostrum, and the different type of carapace
markings.

Rhynchalonella rostrata
I have records of this species, usually in small numbers from Hampstead 1,
Hampstead 2, Highgate 2, the Vale of Health Pond, Hadley Wood Lake,
and the Eagle Pond in London; and from the Teylgaard S5, Log sS, and
Estrum s5, off Pipervang in Zealand.

This species has been considered in the past to prefer sandy bottoms
but Berg (1929) disagrees with this opinion as he claims to have found it
on miry bottoms. Whilst two of ny records (those for the Teylgaard So
and the Log S6 are for more or less silty bottoms IAich could not be classed
as saMy, all the others are for definitely sandy bottoms. Thus the species
does in fact occur far more commonly on sandy bottoms than elsewhere. The
record for the Esrum s5 was from loose sand where a few of the present

species were associated with the far more nunjferous Alona affinis.



- 184 -

Pleuroxus truneatus
This is one of the cocinionest Cladocera®* | have records for 4 lakes and 2
pools in S.Uist; for 3 pools in S.Yorkshire, for Loch Ness and a nei*bouring
pool; for 9 lakes, 4 tarns, 3 pools and a slow stream in the Lake District;
for Fowlmere and Fowlimere Pool, Thetford; for 5 localities in Cambridge;
for 5 localities in London; for 5 lakes and 10 pools in Zealand; and for
3 lakes in Jutland.

The species seems to be indifferent to pH#, nmy localities ranging
from the very acid Hjorte s5le to the hi?ly alkaline hard-water Jaegerbakke
Dam

The species is almost always said to be a characteristic farm of

thick vegetation (e.g. Poulsen 1928, Scourfield and Harding 1941)» but in ny
experience it /a by no means confined to such habitats, though they are
admittedly the most usual. In small ponds P.truncate commonly becomes
planktonic, as at Old Denaby Pool, S.Yorkshire, 7,hilst in some of the
larger lakes it may be a true bottom form occuring away from vegetation.
In such habitats it conpetes with Alonopsis elongata and it may largely
replace this species, even on exposed stony shores, if there are plenty
of algae present. This was the situation 7ihen | collected at Enmerdale
Water.

In small pools where it may be the only chydorid present, apart
from Chvdorus suhaericus it seems to be largely independent of the mture of
the bottom; but in larger waters it is rarely found over muddy or even very

silty bottoms. Smyly informs nme that the species is 3X)st frequent away from

mud in Three Dubs Tarn. (Lake District)



- 185 -

Pleuroxus aduncus
I have records of this species from the two Greasborougji Dams and one pool in
S#Yorkshire ; from Groby Pool, Leicester; from two localities in Cambridge;
from 5 pool and a sandy bay of Regent’s Park Lake in London; from
Praestevang 1, and the river Pole in Zealand; and from Borresso in
Jutland.

Scourfield and Harding say that this species occurs in mud and
amongst weeds. Poulsen (1928) says it occurs in thick vegetation.
Neither opinion corresponds exactly with nmy experience. The species is
commonly but not necessarily associated with vegetation, though usually
only with sparse vegetation. It may occur on silty bottoms but is
most usual on bottoms in which consolidated sand is the principal consti-
tuent, though usually only where a slight amount of silt is present.
The habitat is thus intermediate in many respects between those of
P.truncatus, and P.uncinatus. | have only rarely found it associated with
these two species.

Pleuroxus trigonellus
My earlier records of this species are mostly unreliable since | confused
it with P.aduncus | have difinite records from Tarn Haows; the Viaduct Pond,
Hampstead Heath; Log'S5; Esrum S6, Karlsso; Teylgaard So; and Ugl So.

These records do not allow ne to differentiate clearly between the
preferred habitats of this species and those of P.uncinatus. My impression
is that it is intermediate in requirements between P.aduncus and

P.uncinatus but nmuch more extensive collections v/iould be needed before
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| should consider this to be established.

Poulsen (1928) regards this species as confined to alkaline waters,
but my records show that this is not so. Both the Tam Hows and the Ugl So
habitats are sli*tly acid.

Pleuroxus uncinatus
I have rocords of this species from two pools in S.Yorkshire; from the river
Cam; and 8 other localities at Cambridge; for 13 localities in London;
and for 5 localities in Zealand.

This species is generally accepted as being a burrowing form
occuring amongst mud and weeds in alkaline waters. If nmud be taken to mean
silt, rather than true lake nmud ny records agree very well with this
statement. | have on rather numerous occasions obtained a few individuals on
mdnly sandy bottcxns, but in all these cases there were more silty pockets,
and these were no doubt the tru habitat of the Pleuroxus.

Alonella nana
Codale Tarn, 16#8.49*i very scarce; Drunken Duck Pool, 27*8*49*»
scarce; Karlsso, 19#8#50#, very numerous; Hjorte Sole 1, fresh carapaces
in plankton haul; Teylgaard sS, 2.9*50*, probably numerous, in clear water.

There is little reliable published information on this species,
thou” it is not uncommon. Poulsen (1928) regards it as being independent
of vegetation idiich agrees with nmy experience. He considers that it is
most often found in nearly neutral waters. My records on the contrary indic-
ate that it is largely independent of pH.

The g>ecies is certainly much more common than records indicate,
since it is almost inevitably overlooked unless found by accident, owing to

its minute size (it iadjust *but only just Avisible to the naked eye), and
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cr2rTtic behaviour. My records certainly only represent a fraction of the
collections in which it must have occurred, and the same is almost certainly
true of the records of many other workers. In these circumstances an
attempt to define strictly its habitat requirements would be unscientific.

Alonella excisa
Peat pool, Mointeach Mhor, 31.8#48*, very numerous; Pool near Loch Ness,
20%6.50., 27.6.50.; Codale Tarn 16*8.49# scarce; Blelham Tarn, Ib,
18.8.49.# numerous, Blelham IVb, 19*8.49*# numerous; lhirImere, in
plankton, 24*8.49* # scarce; Hampstead 3, 12.11.49* # amongst out weeds,
very scarce; Storre Gribso, 3.8.50., I, very abundant. 111, scarce, IV,
very numerous, Ager So 5*8*50., I, scarce, Il, very scarce; Flats Pool,
Hil lerod, 9*8*50*, scarce; Bastrup So 11.8*50 in thick reeds very scarce.

This species is normally found amongst weeds, though it may also
occasionally occur on the bottomavay from vegetation (Poulsen, 1928),
(Scourfield and Harding 1941)*

Poulsen considers it to be an acidophilous species, and to occur
only rarely in slightly alkaline waters, never in strongly alkaline waters.
My records support this theory. They also indicate that it is a pronounced
bryophile, thou? not confined to places where mosses are growing. Away
from mosses | have mainly found it on detritus rich bottoms. It is really
a bottom species, and its apparent association with vegetation may be the
result of these bottom requirements.

Alonella exigua
Tarn Hows, 27*7*49# 111, very scarce; Wray Boat Dock, Windermere,

30.8.49*# very scarce; Log So, 5*8*50., Il very scarce; Fonstrup Dam,

14*8.50., numerous.
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Save for its greater rarity, which is agreed on by all authors,
I can find no reliable differences in ecologj»- between this species and the
last. This is in agreement with the findings of other workers.

Poulsen for instance gives almost exactly the same habitats for the two
species.

As n} records show | have never found the two together, and
perusal of the Scourfield Ms, shows that collection's with both species are
very unusual. This is in agreement with the theory that they have a very
similar ecology. Presumably they are prevented from occuring together by
competition.

Pleuroxus Laevis

I have collected this species in: Blelham Tarn; Storre Gribs5;
Log So; the Flats Pool, Hillerod; Karlsso; Badstuedam: and Teylgaard So.

My limited data suggests that this species is mainly a form of
silty to detritus covered bottoms.

Chydorus globosus.

Loch Altabruig, 31.8.49* » abundant. West Loch Eilean a * Ghille, 8*9*49*
very scarce in weeds; Wiseen, 24*8.49*, |ll» very scarce; Tarn Hows, H I,
scarce; Lower Brathey 7, |, scarce; Windermere, 30.8.49*, Wray Boat
Dock, scarce, Wray Jetty, scarce. Hampstead 2, 9*3*50*» one only;
Island Pond, Wanstead, 16.6.50., very scarce; Hi*gate 2, 5*7*50%, in
flags, very scarce; Log s6, 5*8*50*, Ill, very scarce.

l4y records are almost always for weedy habitats, and thus agree
with the opinions of other authors (Berg, 1929, Scourfield and Harding 1941)

The species seems to be largely indifferent to pH.
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Chydorus Spheericus
This is the most abundant and widespread of all Cladocera but is not
ubiquitous. | have records for 11 localities in S.Uist; for 20 localities
in the lake district; for 26 localities in S.Yorkshirj for Loch Ness
and a neighbouring pool; for Groby Pool. Leicester; for the River Avon,
Hampshire; for 43 localities in the London area; for 6 localities in
Cambridge; for 3 localities in Thetford; and for 22 localities in Zealand.

The first impression of this species is that it is virtually
ubiquitous. It occurs in the plakton of lakes, and in tiny pools on high
moors. It may be on any sort of bottom and amongst almost any sort of
vegetation. It occurs at all seasons of thé year. Perhaps for these
reasons few workers have attempted to investigate the conditions under which
it occurs. One of the few good investigations is that of Pacaud (1939)*
Pacaud concludes, that it is rare in small stagnant ponds, choked with
vegetation, and that it is not able to stand a higjb degree of pollution
unless the locality is very shallow. He concludes that low oxygen tensions
are markedly unfavourable to this species and he also showed that it was not
very resistant to low oxygen by experiments.

| also have found that this species is less coomon in weed-choked
pools and in hi?ly- pdluted habitats than it is elseTshere, but there are
limitations to its distribution. It is very rare in temporary pools. |
have only found it in .5 of these, four of which were of very unusual
character. Thou”? many such pools are often hi*ly polluted, such
pollution is not frequent enough in itself to explain the rarity of Chydorus

sphaericus. It cannot be explained by inability to survive drought,



since it can occur in these unusual temporary habitats. It would appear
that the generally unfavourable conditions that develop in such pools,
immediately before they dry up prevents C.sphaericus from becoming establi-
shed*

Another .rather striking limitation is the association of this
species with filamentous algae, commented on previously by Berg (1929)
C.sphaericus is almost invariably present and abundant in a locality in the
immediate vicinity of filamentous algae, though it may be extremely scarce
in other portions of the habitat. This is sto.kingly shown in Regent’s Park
Lake, where, except on the rare occasions when the plankton contains algal
filaments, C»sphaericus is almost completely confined to the narrow fringing
zone of Cladophora, andmay be unobtainable a few inches away from this.
My observations also lead ne to believe that this species only occurs in the
plankton when this contains filamentous Diatoms or coarse filamentous
myxophycean or Tribonema sp., thou? as | have not been very much concerned
with the plankton the conclusion is only tentative.

Chydorus ovalis*
Ennerdale Fen 2.4«48»* abundant; Stilligary Ditch, 3*9*49*, very abundant,
West Loch Eilean a ’ Ghille 8*9*48** very scarce; Rueval B, 9*9%48,
very scarce; Pool in Borran’s Field, 6.8.49*, abundant, 11.8*49*,
abundnat; Borran’s Il, Windermere, 6.8*49*, very scarce, 11,8*49*»
not very numerous; Hjorte s5le, 29*7*58* » foothole in bog, abundant.

This species has very much more sharply defined habitat requirements
than the closely related C.sphaericus. It seems to be absolutely confined
to very shallow waters, amongst rich peaty, partly decaying vegetation,

and then is only found udien these are acid (in this nmy observations confirm
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i
those of Poulsen, 1929)# It has neveryteen present in abundance when | have

found it at the margins of lakes, and in these cases the lake was
adjoined by patches of peaty marshland r*ich suggests that the species found
in the lake are strays from there more usual habitat. This would seem to
be mainly very small pool.

Chydorus piger
Madum 9*9#58*, 111, a few individuals, probably of this species.

Anchistropus emarginatus
Tarn Hows, 13.8.49*, Il very scarce; Clay Pool, liray, 15*8*49*, in open
very scarce.

This species has been said to be a parasite of Hzdra (Eorg 1935)
This conclusion is not however borne out by the records of its occurence.
Most authors record a few individuals, usually on miry bottoms (e.qg.
Borg, (1929)» and it is rare for an abundance of Hydra to be mentioned
in connection with the records. | have many times collected large numbers
of Hydra without finding a single specimen of Anchis||£pus. On the other
hand on the two occasions when | have found this species | did not find
any Hydra in ny collections, thou”? admittedly they do occur in both
localities. Vfhilst these observations do not disprove Bag's theories they
do cast considerable doubt on them. The special features which are consid-
ered as adaptations to parasitism on Hydra would be equally effective as
adaptations for attachment to Charales, or coarse algae.

Monospilus dispar
Arresso, 22.8.50., 111, one only; Madum So, 9*9*58*, Il» numerous,
11l scarce.

This species has been often considered as characteristic of muddy bot*

toms.
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It is distinctly rare and most records are of a few individuals only.
Scourfield and Harding (1941) say it may occur on sandy or muddy bottons A
of lakes, whilst Poulsen (1928) says that it only occurs on sandy lake
bottoms.

My two localities have both distinctly sandy bottoms. Apart from
this feature Madum So, and Arresso have very little in common. ijadum So is
a barren oligotrophic lake with a pH rather constantly in the region of 5*
ArressR is highly eutrophic, with very hard water, and is usually
markedly alkaline. Thus the species would seem to occur wherever a large
habitat contains extensive deposits of undisturbed sand.

Polyphemus pedicuius
I have records of this species from 3 lakes and 1 pool in S.Uist; from
Loch Ness and a neighbouring pool; from 4 lakes, 4 tarns and a very slow
syream in the Lake District; from 3 lakes, aild 5 pools in Zealand;
and 1 lake in Jutland.

My observations agree with Scourfield and Harding’s (1941) rather
vague statement that the species occurs near the margins of lakes and in
small water channels. It is perhaps somewhat more conmon where there is sparse
floating vegetation, but it may occur well away from any vegetation in shallow
water, as at loch a’ Chnoic Bhuide.

' | have never found Polyphemus in small pools, and it seems to be
restricted to waters of large or moderate size. The rarity of the species
in the London area and in S.Yorkshire is noteworthy, since there are
many apparently suitable habitats. The records suggest thou”? they do not

prove that industrial pollution is responsible.
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Bj”~thotrephes lon“imanus
Lake Bassenthwaite, 24.8.49*. very scarce; Windermere N.Basin, 24.8%49 .,
numerous, eggs moderate; Windermere, S.Basin, 30.6.49., very scarce.

This has been considered to be arctic-alpine species (Thienemann,
1958); but since it is confined almost absolutely to large lakes such
a distribution is inevitable.

Leptodore kindti
Windermere 24*8.49%*» N.Basin, scarce, large; Frederiksborg SlotssS,

I, 25*%7*%8., very numerous, large; Bastrup So, 11.8.50., numerous;
Ager So, 22.8.58*, very abundant, mostly young; Madum So, 9*9*58.,
scarce, but still the most abundant species in the sooplankton,

Frederiksborg Slottsso, and even more the Ager So, are very small,
shallow lakes. Records from such localities seem to be not infrequent in
Denmark and Germany (Berg 1929, V/agler 1937), but the species is never
found in any but rater large deep waters in the British Isles. It
certainly does not occur in many localities around London which are
quite comparable to these DaniEi localities.

It is generally believed by Danish workers (e.g. Poulsen 1928)
that Leptoocra is confined to more or less eutrophic, alkaline waters.
This is certainly not the case in England as Lake D istrict records show.
My record from the Madum So shows that it is not true for Denmark either,
since as mentioned above this is a very acid, ologotrophic lake.

Distribution of Cladocera within lakes and ponds.

For many species it is impossible to demonstrate any connection between

their distribution, and the general nature of the various available waters.
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and such connections are rarely clear in any species. On the other hand
the distribution of Cladocera within any locality often shows striking
localization. Though it is not as yet possible to give a full explanation
of the causes of this, certain definite patterns of distribution can be
traced, and in respect to these the occurence of species is consistent from
locality to locality.

In discussing this problem of localization I shall consider chiefly
the littoral species, since I know more about these, and. also since they show
more striking and clear-cut examples of localization. The principal factors
which may give rise to localization within habitats are; food-supply: depth
of water; presence or absence of vegetation, and its nature; degree of expo-
sure to wave-action, water-currents etc.; the nature of the bottom deposits;
and various biotic factors. I have already dealt adequately with food-supply,
and concluded that it is of importance in determining the distribution of the
littoral Cladocera* On the possible role of deptch of water I have little
information. That it may be important 1is indicated by Eerg's (1938) data
for the distribution of Eurycercus lamellatus in Esrum So. On the other
hand it is clear that wide generalizations on this topic are not possible at
present, if only because a number of species, as Latone setifera,6 see
above)* have very different depth distributions in different habitats. In
many cases at least apparent restriction a species to certain depths is
a result of the action.of other factors which happen to be correlated with
deptch in some waters, (ll.-AOryptus sarj‘/i\dus, above). I shall deal
with biotic factors in the ecology of Cladocera after I have dealt with
distribution between lakes and ponds.

The remaining factors are all to a certain extent inter-related,but
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fortunately they do not vary absolutely simultaneously, so that it is

possible to differentiate their effects to a considerable extent. For Simpli-
city | shall treat them separately, but | realize that in real habitats the
nature of one factor may modify the effects of another- For most of ny
species | have not sufficient data to show this but it becomes apparent in
some of the Chydoridae, and | will deal with it below-

Vegetation is probably the most obvious variable correlated with the
distribution of Cladocera and its effects are so obvious and well-known that
they seem hardly worth discussing. It must be pointed out however that many
correlations between the presence of vegetation and the cladoceran fauna are
spurious, the Cladocera being controlled by factors which are not necessarily
dependent on the vegetatip>n and may even control this, for instance the nature
of the bottom deposits, and the degree of exposure of the diore. The
littoral Cladocera can be divided into three principal ecological groups.,
and it is misleading to treat them all as one group, as is usually done.

The first,group, of fomxsliving mainly at or near the surface film

contains only Scapholeberis mucronata. As | have pointed out in ny notes
on that species, vegetation affects it mainly by providing a region in
which the water surface is not greatly disturbed. The second group contains
the true bottom-living and burrowing forms which are not directly dependent
on vegetation, except sometimes as a source of food. The third group
consist of the true weed-dwelling i*ecies. Any division between these last
two groups must be somewhat arbitrary. There are in reality a continuous
series of species leading from burrowers such as I1**ryptus sordiifcs, to

such definitive weed forms as Sida crystallina. and Lathonura rectirostris »

A few species are so nearly intermediate in character that they must
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be considered under both categories. The most important of these

if Pleuroxus adimcus, other species, such as Pleuroxus truncatus may be
weedforms in most situations, but bottom species in others. However the
vast majority of species can be readily assigned to one or other of these
two groups. The.group of true weed species is the smaller, and consists of
Sida crystallina; Simccephalus sp-.; Ceriodaphnia reticulate;

Ceriodaphnia megalops; Ophryoxus gracilis; Eurycercus lamellatus;
Camptocarcus spp.; Acroperus harpae; Alona costata; probably

Alona rectangula; Pleuroxus truncatus; Pleuroxus laevis; Chydorus

ylobosus; and Polyphemus pedicuius. A few other species, e.g.

Drepenothrix dentata, and Anchistropus emargrinatus may belong here, but
there is no conclusive evidence in favour of including them. These true
weed dwellers are all, to a greater or lesser extent affected by the presence
or absence of vegetation, and all are usually most abundant in vegetation
zones, though some, as Eurycercus lamellatus and Pleui“oxus truncatus.
sometimes occur away from all vegetation. Evidence for the association of
other species with vegetation is suspect, since the real controlling

factor is usually some other feature of the enviroment.

A few remarks may be made on the effect of the general character of
the vegetation. Peed-beds in lakes commonly have a very sparse cladoceran
population consisting of very few species, a distributional fact that has also
been noted by Berg (1929). On the other hand dense submerged vegetation
usually has an abundant and varied cladoceran fauna. A few species such as
the species of Camptocercus, and to a lesser degree Sida crystallina

are rarely found in dense vegetation of any kind; but most species are more
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abundant in dense vegetation; whilst a few, such as Ceriodaphnia mep;alopst
seem to be confined to it.

Certain non-littoral species are sometimes found in vegetation,
including Diaphanosoma brachyurum, Daphnia longispina. and Ceriodaphnia
pulchella, but they are more normally found in open water, and the indivi-
duals in weed-beds can be regarded as strays.

Most Clad.ocera seem to be unable to withstand any great degree of
exposure to wave-action and are also sensitive to other pronounced water
movements. In habitats where such water-movements are pronounced the
cladoceran fauna is often very sparse, and always limited to a few species,
even if there is plenty of vegetation. On the most exposed lake shores no
Cladocera are found. On slightly less exposed AZores the only species that
are at all frequent are Alonopsis elon.gata, and Pleuroxus truncatus. The
former species is definitely characteristic of somewhat, to moderately,
exposed situations, and is only rarely found in sheltered places. On some
moderately exposed shores as at Wastwater it may occur in enormous numbers.
Part of this apparent preference for fairly exposed localities may be due
to its preference for coarse bottom deposits, but this does not fully
explain the facts. I have found this species in abundance on fine sand, in
and about exposed reed-beds in Blelham Tarn, and Eure So, though I have
rarely found it on such a bottom in sheltered situations. Peracantha
truncate is less common ir exposed situations, and is only present where
there are plenty of algae. In such circumstances it largely replaces
Alonopsis. Other species that may occur on moderately exposed shores are

Alona affinis, RhMichalonella rostrata. and Latona setifera.
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Young individuals of Sida crystallina sanetimes occur in these exposed

situations, but the adults are more strictly confined to sheltered waters.
An interesting illustration of the effects of exposure is provided

by the occurence of planktonic “ecies in inshore waters. In small lakes

and ponds, it is usually possible to obtain a Mr sample of the plankton

within a few feet of the shore, but in large waters it is usually

necessary to go out in a boat. In a few instances, however, as near

the Wray Castle Boat House, and at one of nj/ stations in the Arresso, I

collected in sheltered shallow stations with no vegetation. In these

places I obtained quite good planlrbon samples, containing most of the species

present in the lakes in fair numbers. Wesenberg-Lund (1907-1908,1926),

in attempting to account for the limitation of zooplanktcnts to offshore

waters, had put forward the theory that they avoided the littoral zone.

This theory was never very convincing, as it was difficult to think of any

avoidance mechanism that would prevent species entering the shallow waters

of large lakes, whilst allowing the same species to do so freely in smaller

lakes. The discovery that these species may in fact enter and flourish in the

shallow water in large lakes robs the theory of its observational basis.

The rarity of their occurence in the shallow waters of larger lakes is better

explained by inability to withstand wave-action, combined with intolerance of

vegetation, which does seem to be characteristic of most plankton species.
The factor which results in the most detailed localization of

littoral Cladocera is the nature of the bottom, though this is only impor-

tant for predominantly bottom-dwelling forms. Table 19 shows the number

of habitats in which I have collected specimens of each of the more
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characteristic bottom species, grouped according to the nature of the
bottom deposits. | have also included a few nony—bottom-living species for
comparison. The table is self-explanatory and few further comments are
necessary. The non-bottom-living spefies show no obvious association with
the nature of the bottom deposits, but such an association is marked in
almost all the bottom-living species. An exception to this statement is
provided by Acantholeberis curvirostris which though spending much of its
time on the bottom does not seem to be much influenced by its nature. In
considering the nature of the bottom deposits | have paid more attention to
its physical thancto its chemical nature. As | have pointed out in dis-
cussing llyo*Aryptus sordidus, the physical nature of muds and sands does
seem to be of more importance than the chemical nature. An exception is
provided by habitats with very large quantities of vegetable detritus or
decaying vegetable matter. As can be seen from the table, these conditions
can have a pronounced effect on the fauna* The small group of species which
are almost absolutely confined to decaying vegetable matter or its immediate
vicinity are particularly interesting as examples of extreme habitats
specialization. In reading the table it must be borne in mind that only
the major features of the habitats have been considered. In many cases

a bottom of consolidated sand will contain minute patches of silt. Species
such as Pleuroxus uneinatus occuring in these patches must be included in
the sand population, since it is not possible with the available collecting
methods to distinguish the populations of such silt patches from the
surrounding sand. In most instances such sources of error have not serious-

ly affected the results thou” making them less precise, but for this
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P.uncinatus the data as given in the table do give a false impression.
All the sandy habitats in which | have found it contain such small silt
patches and the numbers of individuals which | found in such habitats
were usually less than those | found in more uniformly" silty areas.
Thus the apparent dominance of sandy habitats in the records is almost
certainly fallacious. When such possibilities of error are allowed

for the table does provide a good summary of the relation of the species
concerned to the nature of the bottom deposits.

As | have already indicated certain factors tending to localose
the distribution of littoral Cladocera are not completely independent in
their effects. My collections have not been sufficiently extensive to
provide many good examples of this, but the effect of exposure in increasing
the range of bottom materials on which A.elongata may occur, and in allowing
the seue sp”eies to flourish in reed-beds may be noted. Similarly an
abundant supply of algae allows Pleuroxus truncatus to become established
on exposed shores from which it is normally absent. The presence of
extensive sandbeds allows Alona affinis to become established in exposed
places where it certainly would not occur if the bottom were mainly stony.
Each of the various factors which | have considered is important in determ-
ining the distribution of Cladocera, but the presence or absence of any
species in any particular habitat depends on the resultant of all the
enviromental factors. Thus a species may fail to establish itself in
a station with suitable bottom conditions if the other conditions are
unsatisfactory; v/hilst it may be present on an unusual type of bottom if

the other conditions are all favourbable. Such exceptional occurences do



201 -

not disprove the idea that the nature of the bottom deposits, for instance,
is of crucial importance in Cladoceran ecology, but merely underline the
fact that the animal responds to its environment as a whole rather than to
its individual components.

The cladoceran fauna and the general character of the water-body.

TOiilst it is easy to find a clear pattern in the localization of
species of Cladocera within water-bodies, it is not usually possible to
correlate the general nature of a viator-body with its overall cladoceran
fauna, a difficulty which has been commented on by Gurney. This lack
of correlation is least pronounced for the smallest water-bodies.

In these the number of possible habitats is very limited, and also
conditions are often extreme, so that it is possible to recognize a number
of distinct types of small vjaters, such as rOaphnia* pools and peat-bog
pools, which tend to have a uniform and characteristic fauna. For most
types of water-body such correlations are largely non-existent, lakes of
the most diverse characters having very similar faunal lists. Thus with
the exception of Alonopsis elongate the commonest species found in
Ennerdale are also amongst the commonest the commonest species found in the
highly eutrophic calcium rich Esrum So, whilst a comparison of the faunal
lists for the larger lakes in the English iake District suggests * strongly
that most of the differences betv/een them are the result of collecting
accidents, whilst the few real differences between them cannot be
correlated with any known general features of the lakes concerned.

This was Gurney*s (1923) opinion, and is the inevitable impression

given by collecting in the iake D istrict, or by perusal of the Scourfield Ms.

Neverj/~theless as certain authors, Foulsen (1928) in particula” have
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claimed to shov; that most Cladocera are correlated in their occurence with
certain general features of the water-bodies they inhabit, as for instance
pH., the evidence must be examined in more detail.

The principal factors vhich are IBely to have an effect on the
fauna of a water-body as a vhole, rather than on limited habitats within it
are: temperature ; lighCj pH, and the associated hardness or softness of the
water; the trophic degree of evolution of the water-body; the size of
the water-body; its permanence; and its lenitic or ICtic nature.

Of these I have already dealt with temperature and light." The
latter can scarcely be of much general importance since it varies so slight-
ly from habitat to habitat. Temperature may be important in controlling the
distribution of a few species, such as Moina spp. but seems to have little
connection with the distribution of most ELadocera.

Poulsen (1928), from his studies on the distribution of Danish
Cladocera, came to the conclusion that the acidity or alkalinity of the
water of the locality was of great general importance in the controlling
distribution of Cladocera. On the other hand Brehni (1933)»

Pacaud (1929) both conclude that, except for a few species the Cladocara
are indifferent to pH. within wide limits. As will be seen from ny notes
on the individual species ny results agree with the opinions of Brehm and
Pacaud and are totally opposed to those of Poulsen, which seem to gc- to be
the result of over-hasty generalizationfoom inadequate data. Indeed | am
convinced that even the limited role that Pacaud allows to pH. is

an exaggeration. Some species, such as Macrothrix laticornis. which Pacaud
thinks are confined to waters which are at least slightly acid, occur in

hard alkaline to neutral water in the London area. | think that apart
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from the few acidophilic sjpecies (such as Acantholeberis curvirostris,
Streblocerus serricaudautus. Chydorus ovalis. and in my opionion,
Simocephalus serrulatus, and Ceriodaphnia ouadrangula. the Cladocera
as a whole are distributed independently of pH. or of the hardness of
the water. It is particularly noteworthy that certain specie? which
have been considered by Danish v/orkers to be characteristic of hard-
water lakes, such a? Daphnia cucullata, and Leptodora Kindti. occur even
in Jutland in rather acid lakes with soft-water. On the other hand
my evidence is consistent with a very few littoral Cladocera, such as
Camptocercus spp., being calciphiles, though even in these cases the
conclusion is not certain (C.rectirostris, for instance has been recorded
from several of the lake District lakes).

T/Thilst I do not think that pH. is of any great importance generally
in cladoceran ecology there are one or two peculiar facts that require
some explanation. It is noteworthy that very alkaline, hard-water localities
often have a less rich fauna then more acid localities, especially in
respect of the rarer species. lhus the well-worked Esrum sS has a much less
imposing faunal list than Lake Windermere and Esthwaite Water have. In
small habitats the richness in species of acid waters is very striking.
Thus I have recorded 9 species from Hjorte Sole and II for the Loch Skiport
R ill Pool, though from equally small waters with hard-water I have rarely
obtained more than three of four species. Several species which are
otherwise rare in small waters occur these acid localities, e.g.
Lathonura rectirostris, Acroperus harpae, Bosmina lonrispina.
Thus a low pH. in some way seeus to compensate for small habitat Size.

A feature that I find it impossible to explain is the almost
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complete absence of the pond species of Daphnia from the mountainous,
non-limestone areas of the British Isles. This is certainly not due any
rarity of small polluted pools, which are as sonmon in these areas as in
many other regions where such species occur. The distribution suggests that
the pond Daphnias need water with a fairly high calcium content, and a pH
of about 7, a conclusion vhich has been reached by some workers as Vier
hoever (1935)» and Sor5m 91926) on the basis of their experiences with
cultures. Unfortunately the distributional facts do not support this
theory, Pacaud has found D.*pulex* in pools with a pH. as low as 4»9~5*5*
Such records are exceptional, but it is not very uncoomon to find D.obtusa
in rather acid waters. | have collected this species from the Curling
Ponds on Putney Heath, which are définit"yacid, moss-bottomed pools.
It also occurs in a pond at Colder*s H ill, which at the time of ny visit
had a pH range of 6.4* and a temporary hardness as low as 2.9 mgns.
&céi%per litre. Thus there seems to be no reason why this species at least
should not occur in such areas as the Lake District.

The Cladocera as a group do not seem to be affected by the troph-
icity or degree of evolution of lakes, (as Gurneyc;ifr(r)\aintained (1923)A
A few species such as Holopediiom gibberum are never found in hi*ly
eutrophic lakes. Even with these species the correlation with oligotrphy
is not very well-marked. H.gibberum is not found in many primitive lakes ;
but it occurs in abundance in the comparatively evolved Rydal-water.
The intolerance of theis species for high calcum concentratio?is (lhienemann

1926) gives a more probable explanation of its distribution; this intolerance

would ensure its absence from eutrophic lakes. A species vhich can txks.
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truthfully be said to occur most abundantly in non-eutrophic waters, and
whose distribution does seem to be correlated with the trophic degree of
lakes as such is 3D.00/\sis elongate. It is by no means clear how the trophici-
ty of a lake can affect the occurence of such a littoral form, but all more
obvious limiting factors fail to account for the distribution of this species
in a satisfactory manner. The avoidance of eutrophic conditions is not
quite absolute as Berg’s records from Soro So shows, but it is almost so,
and certainly needs a special explanation.

\ Several Cladocera have been considered to be more or less strictly
restricted to eutrophic habitats, but examination of the evidence
shows that the hypothesis must be abandoned for most of them, including
Leptodora kindti and Daphnia cucullata (see above).AFew species remain which
seem at present to be characteristic of eutrophic waters. One of these is
Ceriodaphnia dubia, though its comparative rarity makes the conclusion a
little uncertain. Ifcre certainly restricted to more or less eutrophic
habitats are the species of Camptocercus. These are apparently not
uncommon in the eutrophic lakes of Zealand, but are rarely found in the
less eutrophic lakes of N.England. Those lakes in the lake district for
which C .rectirostris has been recorded are amongst the most eutrophic. It
has been pointed out above that competition with Alonopsis elongate may
be a factor involved in determining this distribution, though it is diffi-
cult to see how the trophic!ty of a lake could influence the coarse of
such competition.

These few species which do seem to be affected by the trophicity

of the water-body are definitely exceptional, and do not affect the statement



that the group as a whole is distributed independently of the trophic

nature of the environment, as such.

species whose distribution at present

are actually influenced by some other
Of all the varying features

obviously associated with differences

It is not improbable that even the few

seems to be controlled by trophicity
simpler factor.
of lakes and ponds, size i1s the most

in the cladoceran faura. A glance

at any series of faunal lists shows that the larger the water-body the greater

the number of species recorded from it, if habitats comparable in other

respects are chosen for the comparison. This is in large part due to the

greater variety of habitats provided by the larger imter, but this is not

the full explanation, since there are usually more * ecies in the same

general variety of habitats provided by the larger water, but this is not

the full explanation, since there are usually more species in the same

“neral type of habitat in the larger water-bodies. This is clearly shown
by table 20, which gives the average numbers of species obtained per collect-
ion in the weed-zone in localities of different sizes in Denmark. Similar
figures could be obtained for English localities but for my results they

would be complicated by seasonal differences, .hereas all the Danish

localities were collected in the same season.
A considerable number of species are rarely if ever found in very
small waters, except where these are semi-lenitic. The most important of
these are Sida crystallina; Diaphanosoma brachvurum; Bosima obtusirostris
Lathonura rectirostris; Eur.vcerous lamellatus; Alonopsis elon,c"ate :

Acroperus harpae ; Polyphemus pedicuius ; Bythotreuhas loiiplmanus ;

“eptodora kindti; and Eolopedium gibberum.  “iany other species, such as
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Daphnia hyaline; D.cucullata; CeridBuhnia cuadrangula; and

Ceriodaphnia mlchella, though sometimes found in very small v;aters are

characteristic of lakes. The lower limit for the usual size of waters

occupied varies from species to species, and is also affected by other

features of the habitat as by the calcium content of the water( thus

B.obtusirostris and Alonopsis elonpata both occur in smaller waters where

these are acid than they do where these are alkaline), Nevertheless it

is clear that for all a locality must be of minimum size for them to

become well-established, unless conditions are otherwise unusually favourable.
On the other hand few species seem to be restricted to small water-

bodies. Most of these, as the pond species of Daphnia have closely

related species which normally live in larger waters®* These species are

most probably excluded from the larger waters by competition. That pond

species of this genus can live in large water-bodies is shown by

exceptional records, such as that of D.magna for the King George VI

Reservoir, biiiddlesex. Other species which appear to be largely restricted

to small waters, are in reality restricted by the need for suitable micro-

habitats. 1%ere these are present they occur in large lakes. Such species

include Ceriodaphnia mepalops and Il.vocryptus sordidus. Very few A

remain when these two categories are removed, indeed I can find no certain

instance, amongst the species which I have collected of a species which

is restricted to small habitats and in which the distribution is not

probably either the result of competition or the result of lack of suitable

micro-habitats in the larger water-bodfes.

Tem]"ary pools often have a very restricted cladoceran fauna, the
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only species which are commonly foyjid in them being species of Daphnia.
Ch:;dorus sphaericus though the most frequent of all Cladocera in permanent
habitats is very rare in temporary pools. This faunal restriction is not
due solely to the impermanence of the habitat. The Thetford Meres, which
are at the most Only semi-permanent, have a very rich fauna comprising such
species as Simocephalus vetulus, Ilyocryptus sordidus, Pleuroxus
truncatus, and Chydorus sphaericus. Similarly the Apus pool at

Hili contains such species as Macrothrix hirsuticornis and Alona

elegaPLg. A1l these species are comparatively unpolluted, and the Thetford
meres are large, and probably disappear mainly as a resulf of underground
drainage, rather than evaporation. Thus they are not so extreme in

their conditions as most temporary pools, and probably are more constant
in their chemical nature. It seems probably that the restricted faunas

of temporary pools are due rather to associated environmental condiitons

than to the impernanency, of the environment. y
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Cladocera are very rarely found in any but the slowest rivers and
streams, almost the sole exception in this respect being Eurycercus
lame 1 1atus. This is not easy to understand, since a number of species,
wuch as Latona setifera and Alonopsis elongata. occur within lakes in places
with considerable water-movement. On the other hand very slow rivers,
river and stream pools, backwaters, and other habitats which I have
classed as semi-lenitic may have a considerable cladoceran fauna, though in
my experience open-water species are usually absent with the single
exception of Daphnia longispina. Weed-dwelling and bottom-living species
flourish, and in respect to these the fauna is usually comparable with
similar habitats in lakes* It is noteworthy that a number of “ecies
which are more normally found in large or moderately large habitats may
occur in very small semi-lenitic habitats* Such species include
Lathonura rectirostris®* Euiycercus lamellatus, and Acroperus harpae*

A feature which is difficult to assess, but which may be of
considerable importance in cladoceran ecology is the constancy of the
environment* The greater number of species found in large waters, the
apparent effects of acid water and semi-lenitic nature in allowing a number
of i"ecies to live in smaller habitats than are usually inhabited by them,
and the fact that a number of species which are perfectly capable of
surviving periods of drou”t are nevertheless rarely found in temporary

pools, all suggest that some degree of environmental constancy is

beneficial to mary species* Macan (1950) has suggested that such
environmental constancy may be inportant in determining the distribution of

aquatic Gastropoda.
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Biotic factors in the distribution of Cladocera

I have not been specially concerned with biotic factors in may
survey but ny observations do present a few features of interest. As 1
have attenpted to bring out in the preceding discussions competition between
species is probably an extremely inportant factor in determining the
distribution of Cladocera, and I need not enlarge this further here. In
view of the tendency of maiy recent workers to focus there attention mainly
on closely related “cies, it may be stressed that this conpetition in the
Cladocera is between forms with similar ecology, irrespective of their
systematic positidn. Thus the competition between species of Moina and the
pond species of Daphnia is just as important as the conpetition between these
species and the lacustrine species of Daphnia. Similarly Bleuroxus
truncatus appears to compete with Alonopsis elongata thou” it is only
remotely related to it. There is also some evidence that conpetition
between Cladocera and members of other groups may be important in some
circumstances. Most important of these possibly competing groups is the
Gopepoda. In very small ponds it is usual to find -ti)at the dominant
Entomostracan is either a single species of Daphnia or Chydorus sphaericus.
or one of the copepods, Cyclops strenuus, Acanthocyclops bisetosus.
Acanthocyclops bicuspidatus, Acanthocyclops languidus, or A. vernalis.
Often if copepods are present there are no Cladocera, and vice versa,
thou” sometimes they occur together. In ny experience vhen this occurs
either the cladoceran or the copepod is scarce at any one time, though the
relative numbers may change from time to time. These observations strongly

suggest conpetition. That such competition is probable is borne out by
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examination of the gut-contents. I have examined the gut-contents of
individuals of Cyclops strenuus from a number of flourishing populations.
In each instance the guts were filled with small nannoplanktonic algae, of
the same type as those consumed by species of Daphnia. It is not possible
to demonstrate such competition in the more complex conditions of larger
waters, but it doubtless occurs since a number of lacustrine copepods, such
as the species of Diaptomus feed on small algae and must thus consume part
of the food-supply which would otherwise be available for the Cladocera.

A very considerable number of animals prey on Cladocera, and a
few seem to specialize on such food. Amongst predators which I have
observed are Stantor (on the smallest “ecies, see also Birge (1918));
Hydra spp.;  Asplanchna; Chaetogaster diaphanus, which seems to be a
specialized feeder on Entomostraca; Acilius larvae; Chaoborus larvae;

a species of Tarypod; and Orthotomid; tadpoles; and various fishes.
Scourfield records net-spinning Chironomidae as predators; w hilst mary
other insect larvae have been observed to feed on Entomostraca on various
occasions. Of all these predators only the tadpoles and the fish seriously
affect the numbers of Cladocera present in any habitat. ( It is possible
that Chaoborus may also have profound effects on the abundance of Cladocera,
since collections containing mary individuals of Chaoborus rarely contain
many Cladocer” Other conditions characteristic of Chaoborus habitats,
such as the shortage of oxygen, would also result in reduced numbersof
Cladocera, so that this scarcity cannot be certainly ascribed to predation.
Tish certainly have a profound effect on the Cladoceran fauna. Lake reed-
beds containing swarms of young fish have few Cladocera. In two ponds which

I have investigated in London, the Brent Decoy Pond and the Statue Pond, a
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large increase in the numbers of fish present was followed by the complete
or almost complete disappearance of Cladocera, though the cladoceran
populations showed no signs of dying out previously.

Parasites and epibiotes may also be important in determining the
abundance of Cladocera. Epibiotes eire veiy common and varied. Amongst
those -which I ha-ve observed most frequently are Colacium spp.; Amnebidium
parasiticum, a species of doubtful affinities which has been overlooked in
the British Isles, though it is very common; Achnanthes spp.Cocconeis sp.
various vorticellidae; Bicosoeca spp.; various Suctoria; PToales
daphnicola; and Brachionus urceolaris. With the exception of Colacium
none of these seems to injure the 'host* in any way, except when so
extremely abundant as to hinder locomotion or feeding ly purely mechanical
interference. Colacium when abundant does seem to be associated wi-th
enfeebled populations; but I cannot be sure whether the enfeeblement is
due to the Colacium or the abundance of the Colacium is only possible as a
result of the enfeebled condition of its 'hosts'.

I have observed a number of endoparasites of Daphnia, including
various microsporidians, a rod-like bacterium, and nematodes. All these
are fatal to moth individuals, and may decimate a laboratory culture.

They are however extremely rare in nature, so that their actual importance
in controlling natural populations is probably sli”*t.
General discussion.

The ecology of the Cladocera cannot readily be expressed in a
sinple scheme of reactions to one factor or group of factors. In this they
differ markedly from such groups as the Gorixidae (Macan 1978), and the

terrestrial Mollusca (Boycott 1934-)> "but are comparable with the aquatic
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Gastropoda (Boycott 1936, Macan 1950). A few exceptional species-as Moina
spp. and Acantholeberis curvirostris are rather strictly confined to one
[*articular type of habitat, but for the group as a vdiole it is only possible
to say that the number of species present in a habitat depends on -whether
it is generally 'good' or 'bad'. Hawever, as I have endeavoured to show
it is possible, for many species, to discover minute features of ecology
characteristic of the i“ecies, which do not, however® show sufficient
regularity, as between species, to give the group as a whole a regular
pattern of ecological preferences. The ecological differences between
some species still defy analysis (as for instance differences between
Daphnia obtusa, and D. curvirostris), but there is no reason to believe that
such differences will not ultimately be found. It may be suggested that
other groups such as the aquatic Gastropoda which at present defy ecological
analysis will also be found to show small, non-systematic differences in
ecology, such as appear to characterise the Cladocera.

A much discussed problem in recent years is that of the
ecological relationships of related "ecies. It has been assumed that
closely related species must have generally similar requirements and so must
compete if occupying the same habitat. It is argued that, except in very
special circumstances, they can only continue to occur together if they show
some ecological differentiation, for instance in regard to food-supply.
This theoretical conclusion has received strong support from the
experimental work of Cause (1934) and of Park (1948). These workers
showed that under experimental conditions closely related species of
Faramoecium and Tribolium cannot persist together indefinitely in the same

habitat. It seems to me to be at least very doubtful whether this need be
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so in the more conplex conditions normally occuring in nature. Lack
(1944, 1946) however has shown that closely related species of birds
occupying the same habitat are almost invariably sli®tly different in their
ecology. Elton (1946) has r enarked on the fact that in small habitats a
much larger proportion of genera are repsented by a single species than is
the case in the fauna of the whole district in vhich they occur. He takes
this as evidence for conpetition between related species and as support for
Cause's contentions. However Williams (1947) has criticized Elton's
conclusions, and shown that they are based on faulty analysis. According
to hima higher proportion of related species are found together in small
habitats than would be expected on the basis of chance along.

ISy collections indicate, that as far as the Cladocera are

concerned.



closely related species are in fact found together much more commonly than
would be expected on the basis of chance occurence. Thus it is very usual
to find two species of Daphnia in the same habitat, whilst I have on
several occasions found as many as three species living together; e.g. in
the gull-pond at the zoo, where I have fo”~d D.magna, D.curviros”tris and
D.obtusa together, and in the Leg of Mutton Pond, wWr@ I have found
D.pulex, D.obtusa, and D.curvirostris together. Similarly Simoce”phalus
vetulus and S.exspinosus; Ceriodaphnia reticulata and C.megalops;

Alona affinis and Alona quadrangularis; and Chydorus ovalis and C.sphaericus
are commonly found together in the same limited habitat.

In some cases as the two Simocephalus species it is possible to point out
features in their biology which would greatly reduce competition, but this
is not so for most of these groups of species. Again there are no readily
apparent ecological differences between such species as Diaphanosoma brach
yurum and Ceriodaphnia pulchella which would prevent them competing when
they occur together as they oflen, do. It is not of course impossible that
such ecological differences may yet be discovered but this seems to be
very unlikely as so few relevant aspects of their biology remain
uninvestigated. At the moment it 1s safe to say that whilst the species of
this group show considerable ecological differentiation, this is not in all
cases sufficient to explain the persistence of several closely related
species in the same general habitat. It would seem that in natural
conditions the selective advantages and disadvantages of one species

over another may balance out over periods of time, so that the resultant
selection pressure is effectively neutral. It is possible that this is a
special feature of cladoceran distribution, resulting from such features

as the plasticity of their reproduction; but there is at present little

reason to suppose that it may not be general amongst invertebrate groups.



- ANé—
General Summary

This thesis is concerned with showing the roles played by various
factors in the ecology and distribution of Cladocera.

It has been shown that as a group the Cladocera have a very high
thermal resistance. It is unlikely that the direct lethal effects of
high temperatures are of any importance in determining the occurrence of
most Cladocera.

The occurrence of thermal races is apparently a com.ion feature of
cladoceran physiology. This still further reduces the probability that
mortality due to high temperatures is an important controlling factor in
cladoceran distribution.

Most W. European Cladocera can survive at temperatures near to 0°C.,
and many ceaa reproduce at such temperatures. A few species however,
such as Moina spp die at temperatures considerably higher tlian 09C.

The number of young reproduced by cladoceran individuals in a given
time depends on the frequency of moulting, and the number of young
produced per instar. Both of these are affected by various environmental
conditions, but, contrary to the opinions of some American workers they
do not usually show any appreciable variation with the age of the
individual.

Temperature causes an increased frequency of moulting, and the
increase in frequency is of the same order in the three species
investigated. The difference observed may be correlated with the
seasonal occurrence of the species, but this is not certain. Instar
length appears t) be fairly uniform at any given temperature, throughout
the genera Daphnia and Ceriodaphnia.

The effect of temperature on egg-number varies from species to species

to species. In some species egg-number is higher at 27"0 than at 1870
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but in others it is lower. These differences seem to be associated with

differences in the seasonal occurrences of the species#

The age of maturity and the longevity of individuals also vary with the
temperature. They are roughly but not absolutely correlated with
differences in length of instar.

Light, food and crowding have no significant effects on frequency of
moulting.

Darkness, shortage of food and crowding all reduce egg-proportion.
Their effects vary from species to species, but show no significant
interaction with temperature.

Darkness and shortage of food may cause postponment of maturity by
one or more instars.

Food has no significant effect on longevity.

The nature of the available food-supply is very mjirbtant for non-
planktonic Cladocera. Almost all of these can be clearly classed either
as detritus feeders, or as algal feeders. Their occurence and abundance
in nature are correlated with the amounts of these potential foods avail-
able. There is some evidence that a few species at least feed selectively
the selective mechanism probably being largely choice of suitable feeding
sites.

It is less easy to reach definite conclusions on the food of planktonic
Cladocera; but a combination of various methods of investigation indicates
that most of these are primarily feeders on minute algae. There is no
evidence for selective feeding in these species.

The size of food-partides taken by the Cladocera of large waters is
normally less than that of those taken by the Cladocera of small waters.
This however, may be merely consequence of the greater relative abundance

of very small a%ae in the plankton of larger waters.



The size and nature of many of the food-particles taken, and
observations of feeding in living individuals suggest that many species
at least are not accurately described as filter-feeders, though the
Sididae and Daphniidae may be termed vortex feeders.

Notes are given of the outstanding features of the ecology and
distribution of the species of Cladocera which I have encountered in
fie1d-CO1lecting.

Factors acting within specific habitats in a water-body are important
in determining the occurence of many species, but general features of the
water-body are of considerably less importance.

The presence of vegetation is important for many Cladocera, but many
species which appear to be associated with vegetation are really dependent
on other environmental features, such as the nature of the bottom.

Exposure of a habitat to wave-action or water-movement greatly restricts
the number of species that can occur in it, though a few species are most
often found in more or less exposed habitats.

With very few exceptions true bottom-living Cladocera are closely
associated with a specific type of bottom deposit. The physical nature of
such deposits is more important than their chemical nature. Weed-dwelling
species are not associated with any particular type of bottom.

The effects of vegetation, exposure, and the nature of the bottom, may
be modified by other environmental factors.

Most general features of water bodies such as pH., and tz"hicity, are
not of great importance in the ecology of the Cladocera, except for a few
species. Size of habitat is, however, of importance, larges habitats
being favourable to a greater number of species. Few species are
restricted to small water-bodies, and the small size of the habitat is

not in itself certainly favourable to any of them.



Cladooera are raa-ely found in lenitic environments, but semi-lenitic
environments, even v/hen of small size, seem to be favourable to many
non-planktonio species.

It is suggested that environmental stability is an important factor in
Cladoceran ecology.

Competition between species seems to be important in determining the
distribution of many species of Cladocera.

There is evidence of competition between some Cladocera and some
Copepoda.

Numerous animals prey on Cladocera, but only fish are of any importance
in controlling their numbers.

There are numerous epibiotes of Cladocera, but most of these are quite
harmless. The majority of endo-parasites are very harmful but they are
extremely rare and so probably not of any great importance in cladoceran
ecology.

Whilst it is impossible to formulate any simple general rules for the
ecology of Cladocera, each species seems to have well-defined ecological
requirements.

Belated species of Cladocera commonly occur together in the same
environment, and do not always show, ecological differentiation of a sort
which would prevent competition. Thus the contention that two species
with the same ecological requirements cannot survive together indefinitely

does not certainly apply to Cladocera, under natural conditions.
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Appendix 1. The gut-content8 of various Cladocera.
Sida crystallina

8.8.49. Boat Dock, Low Wray Bay.
Mainly algae, where no comments membranes only: S'phaerocystis scarcely
digested; Ankistrodesmus some undigested; large Cosmarium, chloroplasts;
small Cosmarium; large Navicula, doubtfully alive; Gomphonema; Ennotia;
Nitzschia, partially digested; minute needle diatoms, digested; minute
diatom undigested; Qscillatoria splendida and other species.

8.8.49. Blelham Tam.
Very sparse gut-contents, mainly algae; ? Sphaerocystis, almost
undigested; small Cosmarium and Navicula, some empty.

8.8.49. Blelham Tam, outside reeds.
Guts brown, much detritus. Many diatoms particularly Achnanthes and
Navicula; many individuals of a small Cosmarium: all partially digested.
Pew specimens of Sphaerocystis and Scenedesmus, not digested.

8.8.49. Blelham Outflow.
Staurastrum nr.anatinum (with processes to IC” ) , several membranes
only; large thick-wall*d Cosmarium, 2 undigested; small Mavicula.
partly digested; fragments of filamentous algae fkfid plants, digested.
In the food-grove there was a large Closterium and a large Navicula.

12.8.49. Lovf VAray Bay.
Gut-cpntents of individuals examined contained some plant fragments and
detritus but were mainly algal. The principal algae were Botryococcus
braunii, which v/as partly digested and almost the only contents of the
guts of some individuals; Cocconeis, Cyclotella and other diatoms,

membranes only; fragments of filamentous Algae.



16.8.49. Borran”s Field,
Scarcely any detritus. 3 species of Staurastrum in large numbers,
one near S.oaradoxum, the others armless, all digested posteriorly;
large Cosmarium numerous, little digested; medium Cosmarium numerous,
completely digested posterioiy; small Cosmarium, numerous, mostly
digested posteriorly; Gonatozygon brebisonii, very numerous, all digested
posteriorly. Less important were Cosmarium margaritaceum, undigested;
1 BotryoCOecus, very little digested; Ankistrodesmus, numerous,
scarcer and partly digested posteriorly; Pediastrum, whole colonies,
only found anteriorly.

i.y.8.49, V/iseen.
Ilicrasterias radiata, membrane; Staurastrum one only, partly digested;
BotryoCOecus, enormous quantities” at most only partly digested;?
Cocconeis, many fragments: very fragmentary remains of Volvoa.
27.8.49. Wray lUres.

Anid.strode smus, some appear living; small Cosmarium, mostly membranes
only; small Staurastrum, membranes only; small diatom; Botryococcus
fair amount, perhaps partly digested; a little Kerismooedia.

12,10,49. Little Stamnore 2,
Mainly algae especially Botryococcus; some detritus,

4.7.50. Highgate 3.
c3CN detritus, particles to over 3" m, remainder Algae and their remains.
Scenedesmus, moderate numbers digested; ICirclineriella and Feplirocytium,
partly digested; Cyclttella and Chrysococcus absent or unidentifiable

posteriorly; Chrysophycean, mostly digested.
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25.7050. Frederiksborg Slottss”.
Almost wholly algal, c¢ 5b” id-croc.-/stis, partly digested; also 'orange*
Scenedesmus abundant; Achnanthes. very abundant, mostly digested; Various
thecate flagellates, abundant, mostly digested, and others.

22.7.50. Teylgaard S8.
Mainly very fine debris. A few diatoms as Asterionella. empty.

25.7.50. Esrum S5.
G 5C* detritus, very fine to very coarse ( long pieces to c¢.200yt<);
remainder algae especially Achnanthes, mostly digested; Amphora some
digested; ? Cyclotella. digested; Trachelomonas. mostly digested;
? Nepiir0Q};-tium digested; and Scenedesmus. scarcely digested. There 'was
a little Botryococcus.

9.8.50. Fiederiksborg Slotss5.
Detritus 3ykto 40”in length, but mostly less than 20yUe The available
algae “were scarce, and the population was far from flourishing.

The predominance of Botryococcus in many cf£ these records is a
spurious effect, due to its abundance in the habitats, and its extreme
indigestibility. The term "partly digested" used in connection with this
alga merely means that sufficient digestion had occured to produce a
change in appearance of the colony.

Diaphanosoma brachyurum
8.8.49. Blelham Tam.
Guts choked with very fine particles, ? Bacteria.

16.8.49, Codale Tam.

Guts choked with a mass of very fine unidentifiable particles. A few

Dinobryon cases.



19,8,49. Blelham Tarn,
Guts filled with fine, unidentifiable particles. A few remains of a
small chrysophycean, possibly Uroglena”wiiich "was abundant in the water.
9.8.50. 0 Dam, Hillersd.
Guts mostly empty, such contents as there were mostly fine debris,
mainly less than 10.
22.8.50. ArressS
Probably debris and silt less than 5, Also a few minute flagellates and
algae, not further identifiable.
Daphnia magna
7.6.50. Bedford College Botany Garden,
Guts blackébrown . Almost entirely coarse detritus. The population was
not flourishing.

Individuals of this species placed in water from Regent* s Park Lake
on 8.7.49. consumed and digested some of all the smaller algae, and
consumed, without completely digesting such large forms as phacus and
Tribonema.

Daphnia atkinsoni

23.5.50. Berrylands.
Guts green. Gut contents mainly remains of small flagellates and ?
Myxophyceae too disintegrated to be identified. Some Q'phiocytium and
Tribonema; a little detritus.
8.6.50" Y &tt*8 Farm,
Mainly Algae too disintegrated to identify,
Dapbiiia pulex.
11.8.50. Lynge Dam.

Specimens from here, kept in a dish with algae and detritus, remained in



the lighted half of the dish feeding on Euglena and

Trachelomonas.
21.10.50. Leg of Mutton Pond, Hampstead Heath,
Gut contents mainly black debris, few Algae, The population
was not flourishing.
Daphnia obtusa
21.10.49. Bedford College Botany Garden.
Guts packed v/ith Trachelomonas and a few other algae.

12.12.49, Bedford College, Botany Garden.

Guts greenish yellow. Main contents are: a very small alga,

only fragments in faeces; Trachelomonas volvocina, cases in faeces;
a round chlorophycean, only seen anteriorly. A medium Cosmarium,
a whole colony of Pediastrum boryanum (undigested), and a little
detritus were also observed,

16.1.50. Water Lily Pond. Bedford College Botany Garden.
Gut-contents mainly coarse debris but sone small algae and their
remains; Naviculoid Diatom; Trachelomonas volvocina, digested
posteriorly and fragments of STiiall filaments.

16.1.50. Pool 2 Bedford College Botany Garden.

Mainly coarse detritus. A few algae such as Trachelomonas volvocina.
Cases only posteriorly, and a large Euylena, not digested.

16.1.50. Pool 5. Bedford College Botany Garden.

Mainly algae, some detritus. Scenedesmus, abundant, not digested,
Amphora and small Cosmarium, marbranes only posteriorly; small

Mavicula,

1.2.50.|Water Lily Pond. Bedford College Botany Garden.

Mainly detritus, but many algae, especially Trachelomonas volvocina,

and ? xanthophycean.



1.2.50. Pool 5. Bedford College Botany Garden.
Mainly detritus, but fair numbers of algae especially Scenedesmus (not
digested); small Cosmarium; and »small Navicula.

1.2.5¢c. Pool 7. Bedford College Botany Garden.
Mainly detritus. A few algae auch as Scenedesmus (undigested) and
fragments of Ulothrix (terminal cells only empty).

15.2.50. Pool 5. Bedford College Botany Garden.
Guts greenish. Mainly detritus but a few small algae as Scenedesmus, not
digested; and small Navicula partly digested.

3.50. Pool 4. Bedford College Botany Garden.
GH " contents largely fine detritus, but many small to medium algae
and their remains; Scenedesmus, Glenodinium, Cosmarium humile,
Cosmarium nr. meneghinii; small diatom, etc,

25.3.50. Pool 3. Imping forest.
Guts bright green. Mainly filled with flagellates and their remains
end partially digested narrow filaments of Tribonema.

26.4.50. Water Lily Pond. Bedford College Botany Garden.
Partly fine detritus but mainly algae and their remains, especially
large Chlamydomonas, ,few digested; Trachelomonas volvocina, mostly
digested posteriorly; Tribonema filaments, partly digested;
Chrysococcus, digested posteriorly; small coccoid, digested posteriorly.

26.4*50. Statue Pcnd. Queen Mary*s Garden.
Guts green. Almost entirely filled with algae and their romains,
especially very small coccoid, only partially digested; Scenedesmus,
not digested; Trachelomonas volvocina, cases only posteriorly;

Eur.lena, undigested; and Amphora, cases only.



5.50. Berrylands.
Guts greenish to black. Mainly detritus tut c¢.33”" algae and their
remains, especially; Chrysococcus, most digested posteriorly;
and Scenedesmus. little digested; minute naviculoid diatom, mostly
digested posteriorly; and minute fragments of Tribonema.

7.6.50. 7/ater Lily Pond. Bedford College Botany Garden,
C.7Cfo detritus, remainder largely bacteria; a few algae including
a small green form mainly digested posteriorly; Trachelomonas volvocina,
mostly undigested; EUf%lena, undigested,

7.6.50. Pool 4a, Bedford College Botany Garden,
About half detritus, remainder small algae.

7.6.50. Pool 5. Bedford College Botany Garden,
Mainly debris; very slightly greenish,

8.6.50. Vatt’s Farm. God's Hill.
Guts more or less packed with algae. More larger forms including
Actinastrum hant*schii, and Schroederia setigera, than in associated
Moina.

9.7.50. Pool 2. Bedford College Botany Garden.
Mainly small bottom algae; some detritus.

9.7.50. Pool 3. Bedford College Botany Garden,
As in Daplinia curvirostris from same pool but slightly higher proportion
of bacteria and algae and few filaments.

9.7.50. Pool 4a. Bedford College Botany Garden.
Mainly small bottom algae and filamentous ‘bacteria,

14,10,5c. Water Lily Pond. Bedford College Botany Garden.
pine debris only,

14.10.50. Pool 3. Bedford College Botany Garden,

Guts greenish. Contents a mixture of detritus and small algae.



Daplmia curvirostris.
15.2.50. Pool 4. Bedford College Botany Garden.
Guts green; some very fine detritus but mostly small algae, mainly
Chlamydomonas, and remains. Glenodinium was accumulated in food-groove
but not digested.
9.3.50. Pool 4. Bedford College Botany Gsrden.
gainly fine detritus but many small to medium algae including:
Scenedesmus; Glenodinium; Gosmarium humile; Cosmarium nr. meneghinii;
small diatom etc.
7.6.50. Pool 4a, Bedford College Botany Garden,
Slightly more detritus than in associated Ba“hnia obtuse, otherwise
aimilrx,
9.7.50. Pool 3. Bedford College Botany Garden.
G.50/0 small algae including Scenedesmus, little digested; and Cymbella
partly digested and 30" moderate detritus to c.30ytf; also bacteria snd
long fragments filaments and detritus to c¢.200yKlong and 10yK to
15 yWthick.
14.10.50. Pools 3 & 4. Bedford College Botany Garden.
Guts filled with a roughly 50-50 mixture of fine detritus and small algae,
Daphnia ambi.iua .
25.10.50. Water Lily Pond. Queen Mary's Garden,
C6>gfo small algae as: Chrysococcus; Scenedesmus; and Chlamydomonas;
all partly digested; also c.40Jo fine detritus.
Daphnia loiigispina
24.8.50. Wray Mires.
Pbod almost entirely remains of very small algae, especially minute
Cosmarium, digested in part; very small ? diatom fragments; and

? flagellate partly digested.



24,8.5c. 7T/iseen.
Mainly fine detritus. Fragments of a few small algae as
Staurastrum ? guadrispinatum.

27.5.50. Viaduct Pond. Hampstead Heath.
Guts green. Contents mainly remains minute algae and bacteria;
flagellates; ? Chrysococcus; a few larger forms as small Eu.ylena
and small diatom.

14.8.50. FSnstrup Dam.
Almost entirely fine to coarse detritus; much very fine; less
than S5ywj but a fair amount 20ykto 30yM; and largest to 4 0
; 25.8.50. Deer Paddock. Stifodam.
Mainly fine detritus, mostly ¢.S”to 10yu, but much finer and a
fair amount larger to c.40yK., some to c60 . G. 20" small algae
especially: Trachelomonas Volvocina, partly digested; Scenedesmus,
undigested; Chlamydomonas, partly digested: and small
flagellate, some digested.

Daplinia hyalina galeata.

12.8.49. Windermere.
No identifiable algae. Guts of most choked with very fine particles.
A little detritus,

24.8.49. Windermere.
Guts green,-but contents too fine to be identified, though certainly
including fine silt.

Ba: linia hyalina s.s.

24.8.49. Loweswater.

Gut contents not identifiable. Coelosphaerium was seen to be

rejected repeatedly.



Daphnia hyalina lacustris

14.1.50. Regent'8 park Lake.
Guts green, contents very fine: definitely some bacteria, but
probably Z)ther forms also.

27.8.49. Drunken Duck Tarn, Lake D istrict.
Largely very fine detritus and what looked like fine silt also
sma].l algae as; Trachelomonas, Chiamydomonas, minute Gosmarium.

15.6.50. Regent's Park Lake.
Some moderately fine to coarse detritus 107to 50"ybut mostly
small algae as: Tetrastrum staurogeniiforme: very small colonies of
Pediastrum tetras; flagellates; Tribonema, some digested;
Stephanodiscus dubius, digested posteriorly; Agiphora, mostly
empty; fragments of Microcystis; Chodatella, mostly digested; and
Achnanthes.

Daphnia cucullata.

21.7.50. Frederiksborg SlotssB.
Mainly partly digested fragments of Microcystis and various larger
nannoplankton algae including 'orange' Scenedesmus c.2C**
Chian:/domonas, partly digested; small colonies of Sphaerocystis;
Trachelomonas sp. ¢ 30yu”digested.

25.7.50. Frederiksborg Slotss8.
Mainly minute algae; some Microc”/stis.

4.7.50* Highgate 3.
Largely fine debris but many remains of very small algae, mostly
unidentifiable. Some were diatomaceous, the largest being c.2(*long.

A small palmelloid, and ? Cyclotella, membranes only, numerous, ala ?



Daptoia Cucullata
22.8.50. Arressd.
Mainly remains of very rtiinute algae, largely unidentifiable. Only
identifiable fragments were small fragments of Aplianizomanon and odd
cells of tliis, partly digested, but those were few. A small amount
of fine detritus, c.0”™w and less.
Ceriodaphnia reticulata
27.8.49. Drunken Duck Pool.
Largely detritus but numerous algae, including Gonatozygon brebisonii»
and Achnanthes.
12.10.49. Little Stanmore 2.
Trachelomonas, a few; a few small diatoms; ? bacteria; some detritus.
22.7.50. Teylgaard S
C.70~ small algae and Zofo fine detritus to lIOywto 15".
Ceriodaphnia quadrangula
29.7.50. Hjorte S8le.
Guts green; contents very fine, unidentifiable.
3.8.50. Storre Gribs#.
Guts green; contents very fine, unidentifiable.
Ceriodaphnia pulchella
24.8.49. Wray Mires.
Remains of very small algae.
27.8.49. Tarn Hows.
Guts pale green; contents very sparse and fine, unidentifiable.
30.8.49. WLndemere.
Guts pale brovn. Very fine detritus.
21.7.50. Frederiksborg Slotss#.
Mainly Ucrocystis, also a fev/ small nanoplankton algae, and a few

larger algae. A little detritus.



25.7.50." Frederiksborg Slotss#
Mainly small algae, especially fragments of Microcystis and ? Oocy:tis
25.7.50 Esrum S#
Guts bright green. Mainly remains of small algae, but mostly unidentifiable.
Some fragments of Tribonema and thecate flagellates.
9.8.50 # Dam
Mainly fine detritus to ¢5” to 10 yu ; some remains minute algae.
11.8.50 Bure S#
Guts green. Contents very fine, unidentifiable.
Ceriodaphnia dubia.
17.9.49. Regent's Park Lake.
Remains of small algae including Trachelomonas, and many unidentifiable.
15.7.50. Regent's Park Lake.
Moderately fine detritus and some small algae including; flagellates; Tribonema;
Chodatella sabssilsa etc.,
Ceriodaphnia megalops
27.8.49.  Dridaken Duck Pool.
Mostly coarse detritus, but numbers of very small algae including Closterium,
very small, and Scenedesmus, both only partially digested: also small
Navicula, digested.
12.10.49. Little Stanmore 2,
Rilled with detritus.
14.8.50. F#nstrup Dam.
Almost entirely detritus of less than iCyt* . A few coarser pieces to c¢.30y<
Simocephalus exspinosus
8',49. Low Brathsy 3.

Aphanoca;,sa very abundant anteriorly, none posteriorly; small Amphora cases



only posteriorly; Scenedesmus not digested; small Glosterium not
digested; Ankistrodesmus, partly digested; Chlorococcale, partly
digested; Gomphonema, membranes only.

12.8.49. Boat Dock. Low Wray Bay.
Almost entirely algae: Cocconeis, several membranes only; Aphanocapsa
anteriorly only; small diatom, membranes only; Staurastrum nr.
paradoxum, many membranes, some distorted; small Cosmarium, walls only
posteriorly; some Botryococcus; some detritus, fragments of filaments
and Cladoceran limbs.

12.8.49. Jetty. Low Wray Bay.
Staurastrum nr. paradoxum, walls only posteriorly; Aohanocapsa, fair
iiruantities; small Ilitzschia, a few; Cocconeis, one; Cyclotella;
Cosmarium, moderate size, undigested. »

12.10.49. Little Stanmore 1.
Guts green; a little detritus; mainly remains of small flagelates and
Diatoms. |

13.5.50. Highgate 4.
At least 6C" small algae and their remains, all at least partly digested,
including: Cyclotella; Tribonema; Cptiiocd*ium; small flagellates. Some
detritus.

24.6.50. Island Pond. Queen Mary's Garden.
At least 5Q" small algae, including; Chiaur/domonas; Achnanthes;
Melosira; Buglena etc.; remainder detritus.

9.8.50. Flats pool Hiller#d.
Gut slightly gxeen. Mainly detritus c.2yU.to 40", mostly c.S5yw.to 2(yi; a
few small algae. Not flourishing.

21.10.50* Log cf Mutton Pond. Hampstead Heath.

Gut “xeen. Mainly detritus; a few small algae; not flourishing.



Si-moceohalus vetulus
30.8.40. Boathouse. Low Wray Bay.
Gut contents mainly coarse detritus; a few algae as; Botryococcus partly
digested; Gocconeis digested; small Navicula, and small Nltzschia, some
digested; Staurastrum longispinum, not digested; Palmelloids not digested,
30.8.40 Boat Dock. Low Wray Bay.
Entirely filled with coarse detritus.
12.10.49. Little Stanmore 1.
Gut not green, entirely filled with coarse detritus; very few algae.
12.10.49. Little Stanmore 2.
Filled with coarse detritus.
9.3.50. Hampstead 1.
Almost wholly detritus.
27.5.50. Viaduct pool. Hampstead Heath.
Almost wholly moderate-sized plant detritus.
9.8:50 Flats Pool. RLIler#d.
Very slight green. Mainly detritus of 2yu to 40yw ; mostly 57 to 20" ; few
small algae. Not flourisliing.
Simocephalus serrulatus
29.7.50. Hjorte S#le B.
Guts greenish. Packed with algae and their remains including: *Large refuse
CosmariTmi ¢.50yK, partly digested; Staurastrum paradoxum, almost all digested;
? Dinastridium, c.5("without spines, none digested; Qocystis, 20+"most at
least partly digested; Euastrum eleyanc; Asterococcus superbus, scarcely
digested; F”ocophyceae; ;
Scapholeberis mucronata
25.7,50. Frederiksborg Slotzz#!
C50C? fine and coarse detritus to c4Cyt<; and c¢.50" small algae and their re-

mains, especially Microcystis cells.



-7.S0-
22.7.5¢ Teylgaard S#

Mainly detritus.
25.7.50. Esrum S#
Guts bright green. Contents very finely divided and not identifiable,
save for a few Achnanthes cell walls,
29.7.50. Hjorte St#le.
Guts green. Some detritus, but mainly small algae and their remains especially;
small green form, mostly digested; medium Staurastrum. all empty; Oocystis. mostly
digested; Peridinium, digested,
10.9.50. Elless#
Guts green-brown. C.50 - 50 de”tritus and small algae and their remains.

Moina macrocopa A

5.7.50 Prom Aldwarke Wash, S.Y orkshire.
Individuals of this species put in water from Regent's park Lake, as Daphnia
Magna, ingested almost all “ecies of algae present. Digestion was markedly less
efficient than in D.magna, the following algae being completely undigested:
Tribonema; Cosmarium; Chlorobotrys; Crucigenia; and Scenedesmus.
Stephanodiscus dubius was completely digested save for the membranes.
Moina.rectirostris
8.6.50 W itt's Farm. God"s Hill.
Guts packed with algae; mainly a small green form; also Scenedesmus;
Trachelomonas; small Pediastrum; etc.
Bosmina longirostris
30.8.49. Elterwater.
Gut filled with fairly coarse detritus and small algae.
17.10.49. Regent's Park Lake.
Pine detritus and small algae as Stephanodiscus dubius.

17.10.49. Children's Boating Leke. Regents Park.



- X"h

Medium detritus and small algae; at anterior end identifiable in par as
Chiamj/domonas and Cyclotella,

10.12.49. Regent's Park Lake.
Guts greenish yellow to bréwn. Detritus and unidentifiable ronains of
small algae.

21.12.49. Regent's Park Lake.
Remains of small algae, the largest small specimens of Stephanodiscus dubius

22.12.49. (Ghildren's Boating Lake. Regent's Parke
Little detritus. Mainly small algae; most important apparently G.B.L.
coccoid (a small coccoid alga, probably a species of Oocystis, not aS yet
described, which is very characteristic of this habitaty; and Chodatella

14.1.50. Regent's Park Lake.
Moderately coarse detritus and unidentifiable small algae.

14.1.50. Children's Boating Lake. Regent’s Park.
Very little detritus. Guts packed wdth small algae, especially:
C.B.L. coccoid; and Chodatella.

30.2.50. Regent's Park. Childi'en's Boating Lake.
Much as on 14.1.50. but some Tribonema.

15.2.50. Regent's Park Lake.
Mainly detritus; a few small algae.

15.2.50. Cliildren's Boating Lake. Regent'spark.
Much as on 30.1.50, mostly digested posteriorly.

26.4.50. Water Li*y Pond. Queen Mary's Garden.
Pine to moderate detritus; a few unidentifiable anall algae.

5.50. Water Lily Pbnd. Queen Mary's Garden.

Much as on 26.4.50.

15.5.50. Regent'sPark Lalte.

About Sofo fine detritus, remainder small algae and their remains, mostly



digested posteriorly, including: KLrchneriella acuta; flagellates;
and filaments of Tribonema, c¢.4.5j" broad, and 100yKlong.
4.7.50 Highgate 3.
Moderate to fine detritus to c¢.12” ; a few small algae as
? Chrysococcus.
12.10.50 Children's Boating Lake. Regent's Park.
C.IC» detritus; remainder small algae and their remains ©specially:
C.B.L. cocoid; Chodatella; , Tetraedron ankistrodesmifoimis; and
a small flagellate.
Ilyocryptus sordidus
23.1.50 V/ater Lily