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SUMMARY

Some of the earliest Devonian fossils of vascular plants show lesions that may be attributed to plant feeding
activity by animals. This is the beginning of a more or less continuous fossil record of plant-animal
interactions which extends from the Devonian to the present day. An important feature of pre-Cretaceous
material is the evidence from coprolites and gut-contents of spore eating by arthropods. Experiments with
living arthropods, of groups represented in the Palaeozoic, show that viable spores can survive passage
through the gut in significant numbers. Spore eating could clearly have had a dispersal role of value to
the plant, as well as its evident benefit as a source of nutrition for the animal involved. Evidence of wood
boring and leaf eating extends from the late Carboniferous onwards. It appears that ‘continuous
marginal’ leaf-feeding preceded ‘interrupted marginal’ feeding, and that this was in turn followed by
‘non-marginal’ leaf feeding. The latter first appeared in Cretaceous angiosperms. Some diversity of leaf
miners and leaf galls are also represented in Cretaceous angiosperm leaf fossils.

1. INTRODUCTION

The wide range of plant—insect interactions in modern
ecosystems has received a great deal of attention from
biologists, not least because many of them have
enormous economic significance. This is particularly
so in the case of insect predation of crops of all kinds,
both in the field and storage, and also in the insect
pollination of angiosperms, with the commercial
activities associated with fruit growing and honey
production. In this review we consider some of the fossil
evidence of how, and more particularly when, these
relationships first appeared. Even dealing with living
relationships, available for experimental study, details
of the degree of mutuality of the relation are often open
to debate. In fossil material, the exact nature of the
relationship is inevitably less secure, and the point at
which we can claim evidence of coevolution is blurred.
We are confined to those few cases where there is
tangible physical evidence in either the plant or animal
remains, of the kinds of interaction for which we can
see living analogues.

In the following review, we consider the evidence in
a time sequence, starting with the earliest appearance
of land-adapted arthropods and plants and their
relationships in the terrestrial ecosystem. We con-
centrate on the earlier phase of this story, as the
angiosperm—insect relationship in the context of biotic
pollination (with a solely Cretaceous—Tertiary record)
is dealt with in another contribution to this symposium
(Crepet et al.). However, we deal briefly with the fossil
evidence of other aspects of angiosperm—insect inter-
action, in the form of leaf feeding, leaf miners and gall
formation.
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2. PRE-DEVONIAN PLANT-ANIMAL
INTERACTIONS

Plant fossils showing the characteristic features
associated with terrestrial adaptation (stomata, a
cuticle, xylem and wind-dispersed spores) do not
appear until late in Silurian time. Certain of these
attributes appear earlier in the Silurian and even late
Ordovician, in the form of isolated spores and tissue
fragments, but such evidence leaves open the real
nature of the plants that produced them (Gray 1985;
Edwards & Burgess 1990; Chaloner 1988). Plants
attributed to the genus Cooksomia occur from latest
Silurian rocks in Wales and the Welsh Border, and
were probably inhabiting fluviatile areas close to a
shoreline, or on tidal flats (Edwards et al. 1986). These
were simple undifferentiated vascular plants with
sporangia borne as swellings at the ends of the
dichotomizing axes. Similar plants, but lacking secure
evidence of vascular tissue and the other terrestrial
adaptations cited above, occur in rocks as old as the
mid-Silurian, and are sometimes referred to as ‘rhynio-
phytoid’ plants, by analogy with the securely tracheo-
phyte genus Rhynia of the Early Devonian (Edwards &
Feehan 1980). Rather more complex vascular plants,
with clear stem-leaf (microphyll) differentiation are
reported from the mid-Silurian of Australia, but their
age relations with fossils from the northern continents
remains controversial (Chaloner 1988; Edwards &
Burgess 1990; Hueber 1983).

The earliest record of a diverse assemblage of
terrestrial arthropods comes from latest Silurian (Pri-
dolian) rocks from the Welsh Border (Jeram et al. 1990;
Rolfe 1990), and includes two centipedes and a
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trigonotarbid arachnid. Although by analogy with
their nearest living relatives these are likely to have
been zoophagous forms, it is significant that they occur
in association with fossils of the land plant Cooksonia.
The shelter and humid environment produced by a
sward of even quite small terrestrial plants, which were
also offering a source of primary productivity, must
have been one of the earliest and most critical
interactions between plants and arthropods, making
possible the land migration of the latter group.

Before looking at the subsequent course of this
interaction, it must be acknowledged that there are
various records of putative terrestrial life pre-dating
this late Silurian plant—arthropod association. Rolfe
(1985 a) interprets the late Silurian record of myriapods
as representing the earliest occurrence of what were
probably detritivores. Much earlier, we have record of
fossil droppings (coprolites) from the Precambrian
(Robbins et al. 1985) but these are inevitably of
uncertain origin, and possibly are not even from a
terrestrial animal. Mid-Silurian coprolites containing
fungal material are described by Sherwood-Pike &
Gray (1985), and these they attribute to fungivorous
arthropods. However, it is possible in this case that the
fungal material might have grown within the drop-
pings, rather than having been the foodstuff for the
arthropods. Even so, they are one of the earliest records
of coprolites probably attributable to arthropods in a
terrestrial setting.

Equally controversial are the burrows in a fossil soil
profile from the Ordovician of Pennsylvania, described
by Retallack & Feakes (1987). If they truly represent
burrows made by sizeable organisms within a soil
profile, as Retallack & Feakes suggest (they are from
3—16 mm in diameter and up to half a metre in depth),
then we must assume that there was some form of
primary production occurring in the terrestrial eco-
system of which they were a part. To that extent they
represent evidence for at least an energy-flow inter-
action between elements of land-adapted fauna and
some terrestrial autotrophs. The latter might have
been simple algae living on a moist soil surface, but the
size of the borings makes the subsistence of the
organisms forming them seem improbable on a diet of
soil microfauna and microalgae. However, the possi-
bility exists that the burrows or borings in this
Ordovician section pre-date the weathering of the soil
profile which identifies its subaerial origin. Alterna-
tively, they might represent the work of aquatic
organisms which burrowed during occasional incur-
sions of water over the soil surface, in the overbank
deposit in which they occur (Wright 1990).

3. DEVONIAN EVIDENCE OF
PLANT-ARTHROPOD INTERACTIONS

The Rhynie Chert of early Devonian (Siegenian—
Emsian) age from Aberdeenshire represents a peat-bog
ecosystem that was repeatedly inundated by hot
volcanic fluids that fixed the plant and animal tissue,
and subsequently infiltrated it with near-transparent
silica (Kidston & Lang 1921). This remarkable
preservation of a wetland ecosystem gives us a picture
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of the participants in a Devonian food web involving
algae, tracheophytes and several other enigmatic,
probably land-adapted, plants together with a number
of different types of arthropod, some aquatic, some
evidently terrestrial. The arthropods include an
aquatic crustacean, the earliest record of a hexapod in
the form of a collembolan, Rhyniella praecursor Hirst and
Maulik, mites, including Protacarus c¢rani Hirst and the
largest of all the Rhynie arthropods, the trigonotarbid
arachnid Palaeocharinus scourfieldi Hirst. This has book-
lungs, as a clear adaptation to terrestrial existence
(Jeram et al. 1990). It is a reasonable first working
hypothesis, based on their nearest living counterparts,
that the mites and collembolan were litter feeders, and
that the arachnid was zoophagous, and preyed on the
smaller arthropods (and presumably any other soft-
bodied fauna available to it, of which no fossil remains
may have survived). This very conjectural sketch of a
food web carries the implication of the underlying
terrestrial primary productivity by the plants, upon
which this community must have been dependent.
There are two pieces of more tangible evidence
which point to plant-animal relations in this early
terrestrial ecosystem. Some of the axes in the Rhynie
Chert show various types of lesions. These were noted
by the first authors to describe the Rhynie plants,
Kidston & Lang (1921), and they attributed them to
physical injury caused by the circumstances of the
(volcanic-based) fossilization process. However, some
features of these lesions make this seem improbable.
Notch-like lesions extend inwards to the wvascular
tissue, and specifically to the phloem-like tissue
surrounding the xylem. The lesions are filled with a
dark plug of Pexudate. Most significantly, the cells
abutting on the break in the tissue have expanded into
the gap, and have undergone division after the injury
occurred. The exudation and the wound response of
cell division are typical reactions of a living plant to
injury. Patently the lesions were made while the plant
was alive, and the plant survived the injury (Kevan
et al. 1975). It is at least possible that the injury was
caused deliberately to gain access to sap exudation as
a means of feeding. However, Rolfe (19854) queries
the biological cause for these lesions. Of the known
arthropods in the fauna, Kevan et al. (1975) suggest
Protacarus and Rhyniella as possible causal organisms. In
view of the size of the lesions, it must be acknowledged
that the much larger trigonoitarbids would have been
better equipped to make such injuries. Other biological
causal agents — nematodes for example, which might
leave no other tangible trace of their presence — are
certainly possible, and cannot be discounted (Conway-
Morris 1981; Wallace 1973). The possibility of a sap-
feeding relation involving the arthropods is probably
about as far as this evidence can take us at present.
The suggestion of a different relation in the Rhynie
biota exists in the occurrence of trigonotarbids inside
empty Rhynia sporangia (Rolfe 1980, 1985a; Kevan
et al. 1975). The sporangial walls of Rhynia are of a
distinctive ‘prismatic’ character, so that it is very clear
in Rolfe’s Rhynie material that the trigonotarbids were
within a sporangial cavity. Their presence in that
particular location may of course have been quite
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