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THE ADAPTIVE RADIATION OF THE ENDEMIC DEER OF CRETE
By
J.DE VOS

SUMMARY

The adaptive radiation of island animals is well known. The Darwin finches of the
Galapagos islands are & famous example of this. For fossil island animals this phenomenon
is hardly discussed, In thiz paper ths speciation of the Cretan endemic island deer is
presented as a case of adaptive radiation.

INTRODUCTIDN

The islands of the Galapagos were vary important for the idea of Charles Darwin
concerning svolution. It was here that Darwin discovered that, although the animals show
signs of a resemblance with the ones of Patagonia, they are different from them. Secondly
he realised that species differ from igland to island, even if the islands are lass than 100 km
separated from each other. His attention to that was attracted by the birds and the
statement of Mr Lawson, an Englishmen, which was vice govenor of the Archipelago, that
he could tell immediately from which island a particular tortoise came. The study of Lack
in the nineteenfourties showed that, although the size, plumage and bodies of the birds of
the Galapagos islands were superficially seen similar in appearance, the differences in
beaks indicates an adaptation to different habitats. It became clear that islands had species
which were different from the mainland and were adapted to the different habitats of
islands.

Islands are sometimes called the laboratories of evolution.

In so-called oceanic islands, which could only be reached by a few species which
can swim (like elephants, hippo’s and deer), float or fly to the islands, the species will adapt
to the different habitats of that island and adaptive radiation will take place. Such cases
are well known for recent island communities, but they are underestimated for fossil
communities. The purpose of this paper is to show that the fossil Cretan cervids are an
example of such fossil community inwhich adaptive radiation took place.

ADAPTIVE RADIATION
Once an animal settled on a island they underwent changes, adapting to the island
conditions. The adaptiations to different habitats is called adaptive radiation. This
phenomenon of adaptation is always found in island faunas, provided they are isolated for
a sufficiently long period.

* The adaptive radiation of the endemic deer of Crete.
** J. De Vos, National Museum of Natural History, P.O. BOX 9517 2300 RA LEIDEN
The NETHERLANDS.
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The degree of radiation depends on time and the size of the island. In islands which
are large and isolated for a very long time, the adaptive radiation will be strong, like in the
marsupials of Australia; when the islands are smaller and the time during evolution took
place is relatively short, the radiation will be weaker. The most famous exemple of this is
the adaptive radiation of the Darwin’s Finches, because these birds show a weak
developed adaptive radiation, as compared to the Marsupials of Australia.

Darwin’s Finches

The fact that all Darwin’s finch species are more similar to each other than anyone
is to a continental species makes it likely that they were all descended from a single
ancestral species of emberizine finch. Grant (1986) wrote:” We can be confident that the
ancestral species colonized the Galapagos or Cocos Island by overwater flight.... But who
was the ancestor?”. Various candidates have been suggested. In recent times three genera
and species have been given special attention: Melanospiza richardsonii, Volatinia jacarina and
Cocreba flaveola. However, not one of these three candidate species is clearly more closely
related to them than are the others (Grant, 1986: 254). So it is difficult to trace the ancestor.

It is generally accepted that in the Darwin’s finches a radiation took place, however,
concerning their speciation there is no clear picture. Grant (1986) discussed three modeis of
speciation: allopatric speciation, parapatric speciation and sympatric speciation. Further he
discussed alternatives to gradual genetic changes. He concluded that gradual genetic
changes, like hybridization, may have played a role in speciation through the contribution
of new alleles to a population undergoing divergent evolution, but not as a means of
producing new species by itself. In addition there is in no case the empirical evidence
strong for parapatric speciation on the Galapagos. The general idea is that the best
explanatory scheme for speciation of Darwin’s finches is the allopatric model. However,
speciation could also occur sympatrically if a more stringent set of conditions were met;
this model I consider as more realistic.

Lack (1947: 12) wrote: ” Before any discussion of them is posgible, Darwin’s finches
must be named, although this in itself commits one to a partial interpretation of the
problems of their evolution”. In continental passerine birds, closely related species tend to
differ from each other in plumage, and they are usually similar in beak and other
structural characters. Differences in beak more usually characterize the broader units, the
different genera. In Darwin’s finches on the other hand, closely related species differ
markedly in beak, but little, if at all, in plumage, and plumage differences are chiefly
important in distinguishing the different genera and species on the continent. A further
unusual feature in Darwin’s finches is that some species are highly variable (Lack 1947: 12).

Six genera and 14 species are recognized (Grant, 1986). They are mostly sparrow-
sized, and are all dull in colour. Species are distinguished from each other by bill gize and
shape, and by body size, and most can be recognized clearly, but some allopatric
populations are difficult to classify. Conceivably, therefore, there are one or two species
more, or less, than the fourteen currently recognized, according to Grant (1986: 66). All
these species are adapted to different habitats and occupy different niches. Patterson (1978:
112) gives a small description of the different groups which follow here. One group, the
ground finches, live in the coastal zone and the lowlands, and feed mainly on the ground,
on seeds and insects. One species in this group has a long beak and feeds on the flowers of
prickly pear cacti. A second group, the tree finches, contains three species with large,
parrot-like beaks. They live in the forest zone, feeding in the trees on insects and seeds.
The warbler finch, placed in a genus of its own, has a slender beak and feeds only on
insects, sometimes taken on the wing. Another species, also placed in a genus of its own, is
the vegetarian tree finch, a larger bird living in the forest zone and feeding on fruit, buds
and soft seeds. Finally, there are two species with habits like woodpeckers, feeding on
insects taken from tree trunks and branches. Unlike woodpeckers, they do not have strong,
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sharply-pointed beaks and long tongues, but they make up for this using twigs or cactus
spines as tools, to poke insects out of crevices. One of these birds, the mangrove finch,
ranges up into the forest zone.

Other examples of adaptive radiation

Besides the Darwin’s Finches there are a lot of more cases known to science, like:

- The honeycreeper finches (Drepaniidae) of Hawaii. In this group there is a much more
differentiation in morphology than in the Darwin’s Finches. The radiation is 80 extreme
that it is not possible anymore to tell which group is the ancestor. Lack thought that a
Finch may be the ancestor, like in the Darwin’s Finches, while for others the honeycreeper
or g tanagra ig the ancestor, Nine genera with 22 species are distinguished. Some genera do
feed on honey and insscts, in others is the main food honey, while in others again the
insects are the main food. All kind of species are developed, comparable with parots,
finches, etc., with different linds of beaks.

- Birds of Paradise from New Guinea.

- Not only in birds, but also in Marsupials from Awustraiia which can been seen as an
adaptive radiation. The tanrects and the lemuren of Madagascar, a landsnail in the
Galapagos islands (Nesiotus) which developed about 53 species. From Hawaii is known an
Achatina-like giantlandsnail with more than 500 different morphotypes, which must be not
considered as species, but it shows that it is possible to give a lot of forms, originating from
one ancestor,

- Adaptive radiation is not only the case in islands which are isolated, but also in lakes
which are isolated. The adaptive radiation of chiclid fishes (Haplochromine cichlid fishes)
in Lake Malawi (Afrika) is an example of this. They differ particular in the mouth, which
is adapted to all kinds of food.

CERVIDS OF CRETE

The Pleistocene fauna of Crete

From the literature ( Bate 1905, 1907; Simonelli 1907, 1908; Kuss 1965, 1966, 1973,
1975a and b; De Vos 1979, 1984; Capasso Barbato and Petronio 1986; Capasso Barbato 1989,
1990, 1992 a and b; Boekschoten and Sondaar 1966; Kuss and Misonne 1968; Mayhew 1977;
Reumer 1986; Reumer and Payne, 1986; Symeonidis and Sondsar 1971; Weesie 1982, 1987;
Willemsen, 1980; Bachmayer et al 1975) it is clear that the fauna of Crete only contains
cervids, hippos, muorids, shrews, elephants, birds and reptiles, while large carnivores, with
the exception of the otter, are lacking. A fauns with a restricted group of mammal species
(mostly endemic) is designated as an unbalanced fauna {Sondaar 1971, 1977). The mammals
found in Crete were endemic, which means that they were restricted to Crete itseif. The
endemic unbalanced fauns points to iscistion of Crete during the Pleistocens (Sondaar 1971,
1977). According to Sondaar & Boekuschoten (1967) and Dermitzakis & Sondaar (1978) the
mammals, including the cervids, reached the island by swimming or drifting.

The bicsiratigraphy

The Wos (1979) published a table with the biostratigraphy for the Pleistocene of
Crete. Based on the dats given in that iable he suggested that there were two invasions of
cervids. This idea was followed by Capasso Barbato (1992b). Recently De Vos {in press),
based on literature study and own observations, concluded that there was only one invasion,
He suggested in Crete a faunal turnover (fig. 1), inwhich a fauna with pygmy elephant and

pygmy hippo and large murids are succeeded with a fauna with cervids, a large elephant
and a small murid.
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Ancestors

In the past different hypotheses have been postulated concerning the relation of the
fossil Cretan deer with mainiand species. It has been suggested (Azzaroli 1953a, 1961, 1977;
Kuss 1965, 1966, 1967; Kuss & Misonne 1968; Kurtin 1968; Sondaar 1971; Accordi 1972;
Malatesta 1980; Capasso Barbato, 1989, 1990, 1992a and b) that there is a relationship
between the various dwarfed deer of the Mediterranean islands, including Crete, as a group
and the large continental cervids of the Pleistocene: Eucladoceros of the Villafranchian,
Praemegaceros of the Middle Pleistocene and Megaceros of the Upper Pleistocene.

Kuss (1975b) already rejected a relationship of the Cretan deer with the
megacerines. He created a new genus, Candiacervus, with two species in Crete, a small one
(Candiacervus cretensis) and a large one (Candiacervus rethymuensis).

Sickenberg (1975) described a deer Cervus peloponnesiacus from the Megalopolis Basin
(Peloponnensis, Greece), and believed that it was the ancestor of the Cretan deer for the
following reasons:

1) the great resemblance in morphology of the antlers;

2) the tendency towards hypsodonty in the teeth;

3) the variability in the size of the extremities;

4) the paleogeographical and paleoecological situation.

At variance with this hypothesis are the facts that the aatlers of Cervus
peloponnesiacus are too fragmentary for an exhausting comparison, and the browtine is
placed too low. Furthermore, the variability in size of the extremities is absent in the
Cretan deer as is indicated in the study of De Vos (1979). There is too little teeth material
for measuring the hypsodonty in Cervus peloponnesiacus, and finally the paleogeography
and paleoecology are not very strong arguments for phylogeny.

Capasso Barbato and Petronio (1986) attributed the large species in the genus Cervus
again, based only on the resemblances of postcranial elements, with Cervus Peloponnesiacus
and Cervus philisi. The difference they (Capasso Barbato and Petronio, 1986) speak of is the
fact that the metapodials are much slender than any continental form. However, this is no
good argument, as the taxonomy of cervids is based on antlers, and sometimes cervids with
identical postcranial elements in size and morphology, but different in antlers, are put in
different genera (like Cervus perrieri and Arvernoceros ardei, Heintz, 1970). In 1989 Capasso
Barbato created a new subgenus ( Leptocervus) for the large species.

Capasso Barbato (1992b) follows the opinion that the ancestor of the larger Cretan
species might be the Cervus peloponnesiacus found at Megalopoli (Peloponnesus)
(Sickenberg, 1975). The large cervids would be derived from cervid populations with thin
limb bones of lower Middle Pleistocene times.

Capasso Barbato (1989, 1990, 1992a and b) considered the smaller species to be
Megacerini of the "verticornis” group (sensu Azzaroli) and put them in the subgenus
Candiacervus of the genus Megaloceros (in the paper of 1989 and 1990 indicated as
Megaceros).

I still hold the opinion that the now available data are insufficient to conclude firm
phylogenetic relationship between the mainland forms and the Cretan cervids. Adopting
the genus name Candiacervus for all the Cretan species is still the best solution,

Concluding we may say that there are no known relatives of the Cretan deer on the
mainland although various candidates have been suggested as ancestor. Two genera and two
species have been given special attention: Cervus peloponnesiacus and Megaceros verticornis.
However, not one of these candidate species is clearly more closely related to them than
-are other cervids of the continent.

The number of species
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It was Simonelli (1907, 1908) who was the first to describe the cervid fossils of Crete
under the species name cretensis. Till 1975 only one species of deer was considered to be
present in Crete, although Kuss (1965, 1967, 1970, 1973) already reported that a large
variability in size and morphology existed within the species cretensis and that there were
a few specimens with sizes going beyond the variation of the species cretensis. In 1975
Kuss, on basis of size, considered the material from Crete to belong to two species, a small
one (cretensis) and a large one, for which he erected a new name, rethymnensis. The large
size range in the material from different localities of the small species, Kuss (1975b) ex-
plained as a consequence of diminution in size of the deer in the course of time. Also in the
larger species rethymnensis there was a diminution in gize, according to Kuss (1975b: 46).
Kotsakis et al. (1976) considered the deer remaing originating from the locality Bate Cave
to belong to one species, cretensis, with the exception of a few very large bones, which
they described as " Cervo taglia media” and ” Cervo taglia grande”. In 1979, Kotsakis et al.
again acknowledged the difference in length between the bones, but they thought that this
quantitative aspect not sufficient to establish a new species. However, the variation within
the material from Bate Cave went far beyond the range of variation of both species
cretensis and rethymnensis in the sense of Kuss (1975b). Malatesta (1980), who described the
material from Simonelli Cave, considered the fossil deer from this cave to belong to a
single species. He observed a large variation in the thickness of the metapodials of the
same length. He stated (p. 53) that the differences between thicker and thinner metacarpals
were 8o long that it would be hard to believe that these bones could have belonged to a
single species. He suggested, however, that the difference between the thicker and thinner
metapodials was due to sexual dimorphism. This explanation is not very likely, because in
recent cervids the sexual dimorphism is reflected not only in the thickness, but also in the
length of the metapodials. Bones from males are in general longer and heavier than bones
from females, although the distribution of sizes may show overlap (Bosold 1968). Such a
distribution of sizes, which may be attributed to sexual dimorphism, has been found for the
robustness of the metacarpals of the fossil deer from Gerani 4 (Crete, De Vos 1979; fig. 3).
The more robust metacarpals of the same length, mentioned by Malatesta (1980), may
indicate that the material originates from older and younger animals. For example, the
first two metatarsals illustrated by Malatesta (1980) in his plate XXII, and attributed by
him to females, actually represent juvenmile animals, as indicated by the absence of
epiphyses. In addition, Malatesta (1980: 91) mentioned that among the material from
Simonelli Cave some bone fragments were found (metatarsal and calcaneum), the gize of
which went beyond the variation range of his cretensis. As an explanation for the presence
of such large elements, Malatesta (1980: 91) stated: ” probably they represent exceptional
cases of reappearance of ancestral genetic configuration”. But as many of such large
elements are found at different localities (De Vos 1979), the largest metatarsal being of
about four times the length of the smallest (De Vos 1979: table 12), it is more realistic to
- suppose that we are dealing with different taxonomic units.

In a biometrical approach of postcranial and cranial material from several sites, De
Vos (1979) distinguished six size groups (fig. 2) in the fossil remains of the Pleistocene deer
from Crete. In one of the size-groups he distinguished three morphotypes of skulls and
antlers, leading to eight taxonomic units:

Candiacervus ropalophorus De Vos, 1984
Candiacervus spp. I1, including three taxonomic units
Candiacervus cretensis (Simonelli, 1907)

WYnoiakA BiBAIoBAKN OedppaocTog - TuAua MewAoyiag. A.lN.O. 291



(6161 ‘S0A oq 10138) 01019 yo Aydeifnensorq syy 7 ‘Si1g

Pleistocene

Holocene

$n21305 seydesy

snply SAwiliy

toiex
y sequnoseyd

vaieqiey

18:nqrinesd (Binqgrinesd

fnuse10dod i

ToeZ SV
PPITING BaRD) E0AEIG

snased (6:nqrine:s
sAwejododdiy

somoy € 6OIN I

$R04)0d SAWY X

sAwiieey

Q31w $04ANIG

piRul sav] 1
i9ddn it s

2 $0QUIN0 I VYD

96018q SNW

sAnbiyue seyde 3

184nQE)n8I3 seydesy

»pusen)
Lz weien
e
€ wesen
&z ey

sAINeIOWW Ty

Cena._.

Candiscervus sp v
Candiacervus rethymnansis

Candiacervus cretensis

Candiscervus spp.1t

Candiscervus ropalophorus

Cendiacervus sp. indat

o100

2215048 meg

f
r'
E
[

vouor - eluey

souct-qng

sovoy

WnoiakA BiBAI0BAKkN OgdppacTog - TuAua MewAoyiag. A.MN.O.

292



:
A
i

Fig. 2: The six size-groups in the metatarsals of the Cretan cervids.

Fig. 3: Scatterdigram showing that the cernid of Gerani is smaller than the one of
Liko.
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Fig. 4: Seven of the eight Cretan species

Fig. 5: Three morphotypes of PZ; the left one is the morphotype of Candiacervus
ropalophorus.
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Fig. 6: The flat occiusal surface in the mandible of Candiacervus ropalophorus

Fig. 7: A mandible of a large species with a lophodo occlusal surface.
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Candiacervus rethymnensis Kuss, 1975
Candiacervus sp. V (= "Cervo taglia media” of Kotsakis et al. 1976), and
Candiacervus sp. VI (= "Cervo taglia grande” of Kotsakis et al. 1976).

In 1986 Capasso Barbato and Petronio attributed the material from Caundiacervus sp.
VI to the genus Cervus and erected a new species: Cervus major.

In her unpublished thesis of 1989 Capasso Barbato attributed without giving
arguments the material of Candiacervus species IIa, b and c of De Vos, 1984, to the species
Candiacervus ropalophorus, although De Vos (1979) clearly proved statistically that the
populations of the site Gerani 4 (with Candiacervus ropalophorus) and Liko (with
Candiacervus II taxonomical units) are significant different in size (fig. 3).

Further Capasso Barbato (1989) ignored the distinction in antler morphology in the
species Ila, b, ¢, without discussing it. From Candiacervus species V of De Vos (1984)
Capasso Barbato (1989) made a new species: dorothensis. These data of the unpublished
thesis were published in 1990 and 1992a and b (Capasso Barbato 1990, 1992 a and b).

The speciation

In the past different hypotheses concerning the speciation have been postulated. De
Vos (1984) and De Vos & Dermitzakis (1986) discussed these hypotheses and added a few
more. They speculated on the possible mode of development of the different taxa of the
Cretan deer. They discussed five models

-1. One invasion-Single lineage model

De Vos (1984) and De Vos & Dermitzakis (1986) rejected this model, because it implies
that one has to find the largest forms in the older deposits and the smallest in the younger
sites and furthermore, one cannot find more than one taxon per horizon per site. These
conditions are contradicted by the fact that the largest form have been found in localities
of relatively young age and different taxa were frequently found in the same horizon.

-2. Two Invasion-Two lineages model

This model does not explain the presence of three or more species in the same horizon.

-3. More invasions model

The most extreme number of invasions could be six, based on the size groups. This
model was rejected for paleontological and on morphological reasons.

-4, One Invagion-Radiation Model

In this model is supposed that the cervids originated from one ancestral stock, in which
some kind of radiation had taken place. This is based on the fact that in several
stratigraphic horizons several taxa were found, so that one has to accept that the different
taxa actually lived at the same time,

-5. Two invagions- Two radiations model

In this last model it is suggested that there were two invasions followed by two
radiations

Based on the suggestion that the cervids are only in the Mus- zone, model 4, the One
Invasions~Radiation Model is considered here as the most likely one.

In which way the speciation took place is not clear. Gradual genetic changes may
have played a role. Although we can not exclude allopatric speciation, it is more realistic to
suppose that the speciation took place in Crete itself. So what is left are parapatric
speciation and sympatric speciation. As there are no great differences in habitat, parapatric
speciation seems not very likely, but cannot be excluded either. Sympatric speciation
makes the best chance, but cannot be proven yet.

Adaptive radiation of the Cretan cervids
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In this paper the opinion of De Vos (1984) is followed that there are 8 taxonomic
units (fig. 4) attributed to one genus: Candiacervus.

Candiacervus ropalophorus De Vos, 1984
This is the smallest deer found so far in Crete. It had a withers height of about 40
cm. Characteristic of this species is, that it has relative shortened metacarpal and the limb-
bones are relatively more massive than in Cervus elaphus. Some metatarsals (6%) are fused
with the naviculo-cuboid; 68 % of the naviculo-cuboids are fused with the central
cuneiform (De Vos, 1979). The shortening of the metapodials and the frequent fusion of the
metatarsus with the navico-cuboid are interpreted by Leinders and Sondaar (1974) as an
adaptation of the locomotory system to island environments. Speed and zig-zag movements
lost their significance of the absence of carnivores. Through the shortening of the legs the
centre of gravity was lowered, resulting in a greater stability. Through the fusion of the
tarsals the foot became less vulnerable, This low~gear locomotion was advantageous in the
mountainious and carnivore lacking environments (Leinders, 1979).
The P* is characterized by a protocone that is similar in size to the hypocone (fig. 5).
The antlers are very peculiar; they are long (up to 77 cm) for such small animals.
The antler has only a browtine, which is placed about 10 cm from the burr; this is called
sub-basilar. The occlusal surface of the teeth-rows in middle-aged animals is flat and the
teeth are rather hypsodont (fig. 6).

Candjacervus spp. I

In size following Candiacervus ropalophorus are three species with the same size
(withers height about 50 cm), but different in skull morphology and antlers. These three
species are indicated as Candiacervus sp. Ila, IIb and Ilc. They also had shortened and more
massive legs. This shortening is of the same degree as in Candiacervus ropalophorus. Also
here the occlusal surface of the teeth is more flat and the teeth are rather hypsodont,
which suggests that they have eaten more grasses.

These short-legged, small, heavily-built cannot be considered as being due to
ontogenetic scaling or paedomorphic changes . The relative shortening of the legs is not
directly connected with dwarfism, but must have a special adaptational meaning (Sondaar,
1977). Sondaar (1977) pointed out, that shortening of the leg reduces locomotion speed. The
faunas, to which the dwarfish and short legged forms belong, are so-called unbalanced
faunas (Sondaar, 1977). These faunas lack carnivores. For these short-legged species there
was no need to be able to move at high speed, since there were no predators to escape from.
On the other hand, short distal parts of the legs might be advantageous in fouraging in the
mountainous environment of islands (Sondaar, 1977).

Candiacervus cretensis (Simonelli, 1907)
This species had a withers height of about 65 cm. The legs were also shortened, but
in a lesser degree than the previous species.

Candiacervus rethymnensis Kuss, 1975
A species, which, qua length of its legs, is comparable with the mainland species
Cervus elaphus. It had a withers height of about 90 cm. This species and the following two
species are only known from their post-cranial skeletal elements.

Candiacervus sp. V (Cervus dorothensis), and
Candiacervus sp. VI (Cervus major)
These two species are characterized by the fact that their leg bones are more
slender than any species on the continent. Candiacervus sp. V possessed a withers height of
about 120 cm, while Candiacervus sp. VI had a withers height of about 165 cm. In these last
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two species the occlusal surface of the teeth is lophodont (fig. 7), which suggests that they
have eaten more branches and leaf-like food.

DISCUSSION AND CONCLUSIONS

Althoogh there are differsnt opinions concerning the mumber of cervid species in
Crete, it is clear that the species differ in dental, cranial and postcranial morphology,
which point to the fact that thsy must be adapted to different habitats and occupy
different niches. There was only ons invasion and the species originate from an untill now
unknown ancestor of the continent. The speciation of the Cretan cervids is clearly a cuse of
adaptive radiation, which can be compared to the speciation and adaptive radiation of the
Darwin's Finches of the Galapagos islands.
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