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Section II

Practical applications
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Introduction to Section II.

In the first section of this thesis the

theoretical principles behind various palaeoecological

methods were discussed. The practical application of

these methods to real fossil faunas will be demonstrated

in the second section. The first three chapters in

this section are more or less self-contained although

they are designed to complement each other in certain

respects. The first two chapters deal with sites from

the Pleistocene period of Europe, while the third

concerns early Miocene sites from Africa. The main

distinction as far as palaeoecology is concerned is the

fact that indicator methods work well for the relatively

recent high latitude faunas of the European Pleistocene,

but poorly for ancient ones, whereas diversity methods

work best with low latitude faunas such as those from

Africa.

In general the emphasis in these studies

is placed on showing the kinds of conclusions that can

be reached by considering several sites rather than the

less fruitful method of analysing individual sites in

isolation. There are two major aims in analyses of

this type. These are to obtain information about the

environment at one or more fossil sites and to obtain

information about the evolution and lifestyle of animals

known from fossil faunas.	 The first aim is best
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illustrated by the chapters dealing with the European

Pleistocene, while the second aim is demonstrated by the

chapter dealing with Miocene sites. In the former, an

attempt is made to reconstruct the environments of a

large number of Pleistocene fossil sites, while in the

latter conclusions are drawn which relate specifically

to the evolution and lifestyle of higher primates, and

particularly hominoids, found in Miocene fossil faunas.

The final chapter, chapter 9, concludes the work

by reviewing the subjects covered throughout the whole

thesis and discussing these in the context of

palaeoecology in general.
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Chapter 6

Palaeoecological case studies

(Lazaret and Westbury-sub---Mendip)
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1. Introduction.

A large number of Pleistocene fossil sites from

Europe and Western Asia have been analysed (see table

7.1), but unfortunately the majority of these sites do

not have sufficiently well preserved or well documented

faunas to allow good reconstructions to be made using

diversity methods (even though any fauna with less than

10 species was discarded). The detailed studies show

that, even when the mammal assemblages are rich and

well identified, not all palaeoecological methods give

clear-cut results and for this reason only two sites

(Lazaret and Westbury-sub-Mendip) were selected for

in-depth investigation. Both of these sites have

particularly well preserved faunas to which most of

the methods described in section I can be applied.
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2. Grotte du Lazaret.

a. Introduction.

The Grotte du Lazaret is situated on the

mediterranean coast of France, on the western slopes of

Mount Boron, near the town of Nice. The cave opening

faces west-south-west and lies about 25 metres above sea

level, at the foot of a cliff less than 100 metres from

the present shore of the Mediterranean. There are two

openings to the outside, a large "door" and a much

smaller opening known as the "window". The cave was

first noted in 1826 by the naturalist Risso who drew

particular attention to its stalactites and calcite

formations. At this time the "door", which is the

original entrance, was buried beneath the cave-fill

and the "window" provided the only access to the cave.

About 1863, Dr. Lefevre Maxwell undertook some work in

the cave and cut a pit below the window, where he found

some fossil bones. Emile Riviere visited the site for

the first time in 1873. Excavations were conducted and

a small cavity was uncovered which proved to be one of

the original entrances to the cave. Riviere carried on

a further series of brief excavations and discovered

three bifaces associated with a rich fauna in a red

clay matrix. The true entrance (the "door") was

finally cleared of breccias in about 1880.	 No further

archaeological work took place for over 50 years until

excavations were started by Octobon in 1950 in one of
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the areas formerly worked by Riviere near the door and

since 1962, Henri de Lumley has conducted a series of

more systematic excavations in the middle of the cave

(Octobon, 1953; 1957; 1958; 1959; 1961; 1962;

de Lumley, 1961; 1969a; 1969b).

b. Geology.

The cave of Lazaret is a large cavity measuring

about 40 metres in length by about 20 metres wide, cut

mainly in a marine conglomerate which fills a large

vertical cleft in the Jurassic dolomitic limestones of

Mount Boron. The limestone fissure became filled with

marine conglomerates probably during the Calabrian and

Sicilian marine transgressions, and during the

regression following the Sicilian the cave was cut in

this conglomerate. The basal bed of the cave fill is a

beach deposit consisting of sand and shingle which was

deposited directly on the cave floor probably during

the "MindelRiss" transgression about 200,000 years ago

(de Lumley, 1961). There is a rich marine fauna

associated with this bed.

Overlying the beach deposit are a series of

beds whose age is open to a number of interpretations

(de Lumley, 1961; Stringer et al., 1982). According

to de Lumley (1969a,b) these beds probably provide an

almost continuous record of the period from "Riss I",

the earliest stage of the Riss glaciation, to the
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"Riss-Wurm" interglacial, and perhaps even to the

inter-Wurm I-Il interstadial. If this interpretation

is correct these beds belonging to the penultimate

glaciation would have been deposited between 200,000

and 100,000 years ago. The beds consist of 6 metres

of frost shattered pebbles surrounded by a clay matrix.

Levels where the clay matrix is rare are interpreted as

indicating cold dry conditions, while the presence of

clay in other levels suggests conditions of greater

humidity. Two beds of almost pure clay where the frost

shattered pebbles are absent represent warm wet periods

and have been interpreted as corresponding to the warm

wet conditions of interstadials which divide the

deposits into three stadial periods Riss I, Riss 11

and Riss III. The Riss levels contain a rich fauna and

an upper Acheulean tool industry (de Lumley, 1969a).

The sediments apparently originate almost exclusively

from the slopes of Mount Boron. There are basically

four types of deposition represented in these beds:

1.	 Frost-shattered pebbles with little matrix

indicating cold dry conditions.

ii. Frost-shattered pebbles with a clay matrix

indicating cold wet conditions.

iii. Clay beds without frost-shattered pebbles

indicating warm wet conditions.

iv. Stalagmite and breccias indicating moist temperate

conditions.
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During the course of his excavations in an area

of the cave known as Locus VIII, Octobon recovered three

hominid specimens, a right lower canine, a left upper

milk incisor and a right parietal (Octobon, 1955; 1959;

1965). The tools recovered from the deposits apparently

belong to an upper Acheulean industry similar to the

tradition represented at other Mediterranean Acheulean

sites such as Terra Amata, l'Observatoire, Grotte du

Prince, and Torralba. It appears to be dissimilar to

the upper Acheulean known from Mediterranean Languedoc

and Provence (de Lumley, 1969a).

Also identified within the Riss levels are the

remains ot hominid occupation including evidence of a

hut-like structure (the "cabane") 11 metres long and 3.5

metres wide, indicated by a section of dry stone walling

and debris suggesting activity within a limited area

bounded by some kind of shelter. Hearths have also been

identified and analysis of pollen preserved particularly

in coprolites suggests that the site was occupied during

only a limited part of the year between November and

early spring (de Lumley, 1969b).
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c. Palaeoecology: Introduction.

Two faunas from the cave of Lazaret were

analysed, one from the living floors of the "cabane"

(de Lumley, 1969b), the other from the so-called Riss

levels of de Lumley's excavation (de Lumley-Woodyear,

1969a, tome I p. 122). Each of these faunas has

been analysed using Ecological Diversity, Residual

Diversity, Taxonomic Habitat Index and Biotope Spectra.

In addition, the Biotope Spectrum of the well preserved

avifauna from the cave has also been analysed.

The mammalian faunal lists are given in tables 6.1 and

6.2 and the avifaunal lists given in tables 6.5 and 6.6.

d. Ecological Diversity.

The ecological diversity profiles of the two

mammal faunas are shown in figures 6.1 and 6.2.

These patterns are similar to each other in appearance:

Both are dominated by large bodied species in the weight

distribution, by browsers and grazers in the dietary

distribution (although the relative proportions of these

two classes are slightly different in the two faunas),

and by ground-adapted mammals in the locomotor

distribution. It has been seen that there is a tendency

for large bodied forms and ground adapted species to

dominate in fairly open habitats without the physical

complexity resulting from niicrorelief and complex

vegetation structure. Dominance by grazers is

characteristic of open habitats without trees such as
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Figure 6.1. Ecological diversity of the Riss rnamnial fauna from Lazaret.
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Figure 6.2. Ecological diversity of the Cabane carnal fauna from Lazaret.
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tundra and steppic environments. However, the presence

of browsers, omnivores, herbivore-frugivores arid

arboreal forms is consistent with greater physical and

resource complexity than is found in open environments

such as tundra and species of these types are more

frequently found in deciduous forest communities.

Both ecological diversity patterns therefore suggest

a predominantly open environment, but there is also

a suggestion of sufficient physical complexity and

sufficiently high productivity to support not only

arboreal species, but also dietary classes such as

browsers, herbivore-frugivores and omnivores.

This interpretation does not preclude the presence of

some woodland or bushland, but it is almost certain that

if such a habitat was present it was never so extensive

as to support a true forest or woodland community.

e. Residual Diversity.

The Residual Diversity patterns for the two

complete faunas from Lazaret are shown in figures 6.31

and 6.4i. Both patterns are most similar to those given

by communities from semi-desert habitats, but none of

the simulations presented in chapter 5 exactly resembles

the pattern shown by the Lazaret faunas. The fact that

communities from all modern Palaearctic habitats tend to

converge on this type of pattern when small-bodied

species are removed means that no definite identification

of habitat type is possible for either fauna.
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Figure 6.4. Residual diversity of the Cabane mamal fauna from Lazaret.
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Neither of the Lazaret faunas is dominated by large

bodied species but these are sufficiently common to

influence the residual diversity pattern to a

considerable extent so that no clear conclusions

about the habitats of these faunas are possible.

A number of species in both faunas are no longer

found in the extant biota of Western Europe which makes

it difficult to directly compare the Lazaret faunas with

modern communities. It is possible to make a more

direct comparison by removing those species that are

either extinct or whose distributions have been severely

affected since the middle Pleistocene. Eight species

were removed from the cabane fauna: Lynx spelaea,

Felis sp. (cf. Lynx pardina), Fells (Panthera sp.),

Ursus sp., Eguus caballus, Bos or Bison sp., Elephas sp.

and Pliomys lenki.	 The fauna from the "Riss" levels

had the following 7 species removed: Felis lynx,

Felis pardus, Ursus arctos, Eguus caballus,

Bos primigenius, Elephas antiguus and Pliomys lenki.

The removal of these species results in new residual

diversity patterns (figs. 6.3ii and 6.41i) that are more

similar to patterns in the simulations based on modern

communities. There seems to be only slight resemblance

to forest habitats, with slightly greater similarity to

deciduous forest than to boreal forest. 	 There is

greater similarity to open habitats such as steppe and

tundra and the number of large mammal species suggests
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Table 6.1. Faunal list, THI weightings and ecological diversity

classifications of the Riss mammal fauna.

Taxon	 THI and Ecological Diversity Classifications

Tu	 B	 D	 II	 S	 Fs	 A	 T	 Flo	 hi	 D	 L

Talpa europaea	 -	 •2	 • 5	 • 1	 1	 • 1	 -	 -	 -	 A	 I	 FO

Eliomys guercinus	 -	 -	 '4	 '6 -	 -	 -	 -	 -	 A HF AR

Pliomys lenki	 04	 09 '18 '125 '125 '05 '09 • 01 '29	 A	 HG SC

Microtus arvalis/agrestis	 -	 •05 • 25 •05 • 25 '25 • 05 -	 •1	 A	 HG SC

Arvicola sapidus	 -	 -	 .5	 '5	 -	 -	 -	 -	 -	 B HG AQ

Apodernus sylvaticus	 -	 -	 •2	 '2	 '2	 • 2	 '2	 -	 -	 A	 HF SG

Canis lupus	 '15 '15 '15 • 15	 15 • 15 . 35 -	 '05	 D	 CA LG

Vulpes vulpes	 '125 125 15 '15	 15	 15	 05	 05 '35	 C	 CA LG

Fells	 -	 .75 '05 '05 -	 •05 -	 -	 •1	 D	 CA LG

Fells pardus	 -	 -	 'l	 1	 1	 -	 '2	 '3	 • 2	 E	 CA LG

Ursus arctos	 -	 '8	 -	 -	 -	 1	 -	 -	 '1	 C	 0	 LC

Oryctolagus cunlculus	 -	 -	 •6	 '4	 -	 -	 -	 -	 -	 C	 HG LC

Lepus sp.	 'OS • 23	 14 '02 '16 • 02 '13 • 14 '11	 C	 HG LG

EqJus caballus	 -	 -	 -	 -	 '2	 -	 •675 -	 '125	 C	 HG LG

Cervus elaphus	 -	 -	 '5	 '15 'OS -	 '1	 -	 '2	 F	 HB LG

Cerius dama	 -	 -	 '5	 '5	 -	 -	 -	 -	 -	 F HB LG

Capra ibex	 -	 -	 -	 -	 -	 •2	 3 -	 •5	 E	 HB LG

Sos/Bison sp.	 -	 -	 .5	 -	 1	 -	 -	 -	 1	 H HG LG

Elephas sp.	 -	 -	 -	 -	 -	 -	 -	 -	 -	 I-I	 HB LG

Ovis sp.	 '125 '175 -	 -	 '125 -	 •125 -	 •45	 F	 HB LG

Sus scrofa	 -	 -	 2	 • 2	 '15 -	 '1	 '2	 '15	 E	 0	 LG

Cervus capreolus	 -	 -	 '4	 '15 '1	 -	 1	 '05 • 2	 D	 HB LG

Arvicola scherman	 '1	 '15 '35 '275 '05 '05 -	 -	 '025	 B	 HG AQ

G1is	 -	 -	 '6	 '3	 '1	 -	 -	 -	 -	 B	 HEAR

'03 '12 '28 •17 '09 • 06 '09 • 03 '13
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Table 6.2. Faunal list, THI weightings and ecological diversity

classifications of the Cabane mariial fauna.

Taxon	 THI and Ecological Diversity Classifications

Tu	 B	 D	 Ii	 S	 Es	 A	 T	 rio	 W	 U	 L

Talpa eurpaea	 -	 •2	 . 5	 1	 '1	 1	 -	 -	 -	 A	 I	 EU

Marmota inarmota	 -	 -	 -	 -	 -	 -	 -	 - i'D	 C HB SG

Eliocnys guercinus	 -	 -	 •4	 • 6	 -	 -	 -	 -	 A	 HF AR

Cricetus cricetus	 -	 -	 '2	 -	 .35 . 35	 1	 -	 -	 B HG SG

Pliomys lenki	 '04 '09	 18	 125 '125 • 05 . 09 'Di '29	 A	 HG SG

Clethrionomys glareolus	 -	 .4	 . 4	 -	 -	 •1	 -	 -	 '1	 A	 HG SG

Microtus arvalis/agrestis	 -	 '05 • 25 '05 • 25 • 25 • 05 -	 •1	 A	 HG SG

Pitymys subterraneus	 -	 -	 .7 -	 '3 -	 -	 -	 -	 A HG SG

Arvicola sapidus	 -	 -	 '5	 . 5 -	 -	 -	 -	 -	 B HG AQ

Apodernus sylvaticus	 -	 -	 '2	 '2	 • 2	 • 2	 • 2	 -	 -	 A	 HF SG

Rattus norvegicus	 05 '15 '2	 '2	 1	 2	 -	 -	 1	 B	 HF SG

Canis lupus	 '15 • 15 • 15	 15 • 15 • 15	 05 -	 05	 D	 CA LG

Vulpes vulpes	 125 '125 15	 15 '15	 15 '05	 05	 05	 C	 CA LG

spelaea	 -	 08 '02 'US	 18	 03 .4/4 '13	 07	 D	 CA LG

Felis	 -	 .75 'OS '05 -	 '05 -	 -	 •1	 0	 CA LG

Felis pardus	 -	 -	 1	 1	 1	 -	 '2	 • 3	 2	 E	 CA LG

lirsus arctos	 -	 8	 -	 -	 -	 .1	 -	 -	 '1	 G	 0	 LG

Oryctolagus cuniculus 	 -	 -	 '6	 • 4 -	 -	 -	 -	 -	 C HG LG

Lepus sp.	 .05 • 23	 14 '02 '15	 02 '13 '14 • 11	 C	 HG LG

Eguus caballus	 -	 -	 -	 -	 •2 -	 675 -	 125 G HG LG

Cervus elaphus	 -	 -	 •5	 15 • 05 -	 1	 -	 2	 F	 HB LG

Cervus dama	 -	 -	 5	 5 -	 -	 -	 -	 -	 F HB LG

Rupicapra rupicapra	 -	 -	 •2	 '2	 2 -	 '2 -	 '2	 0 HG LG

Capra ibex	 -	 -	 -	 -	 -	 2	 3 -	 5	 E HB LG

Bos/Bison sp.	 -	 -	 .5 -	 1	 -	 -	 -	 1	 H HG LG

Elephas sp.	 -	 -	 -	 -	 -	 -	 -	 -	 -	 H H8 LG

• 02 '12 '26 • 14 • 11	 '08 • 1D '03 '14
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Figure 6.5. THI patterns of the Riss and Cabane mamal faunas.

Cabane
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fairly high levels of productivity in the habitat.

Unfortunately, it is impossible to reach any clearer

conclusions about the nature of the habitat using

this method.

f. Taxonomic habitat Index.

The mammal faunas from Lazaret give THI patterns

that can be interpreted quite easily. These are shown

in figure 6.5. Both have the characteristic deciduous

forest profile with a high value in the deciduous forest

column (D), nearly equal proportions in the boreal (B)

and mediterranean habitats (M) and a low proportion in

the tundra column (Tu). This pattern compares very

closely with those for deciduous forest communities

(see p.301).

g. Biotope Spectra.

I Biotope spectra of mammal faunas.

Many of the species in the two mammal faunas

being analysed can be used to draw up Biotope Spectra.

A number of taxa are not used, either because it is very

difficult to determine accurate biotope preferences or

requirements for extinct forms and taxa not identified

to species level, or because the biotope preferences

are not narrow enough to give any useful information

about the palaeoenvironment. The biotope requirements

or preferences of the species that have been used are

summarized in tables 6.3 and 6.4.
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Table 6.3. Biotope preferences of mamals from the Riss fauna.

Taxon	 Biotope preference

Talpa europaea	 Found at high and low altitudes in any habitat with

loose, fresh soil in which extensive tunnels can be dug.

Not found where soil type or vegetation hinder digging.

Lepus sp. Biotope preferences depend on species, but all seem to

avoid dense tracts of coniferous forest. Found at all

altitudes, sometimes in association with woodland.

Oryctolagus cuniculus Usually on light soils where it burrows extensively,

often near or in woodland. Found in lowlands and hilly

country, but not at high altitudes.

Microtus arvalis	 Principally a meadow animal, but also found in open

clearings in forest areas. voids thickets and dense

undergrowth. Nests in burrows and can often be found

close to water.

F1icrotus agrestis	 ssociated with water, often in moist shady woodland,

but also found in moist meadows and marshy lowlands.

Can be found in meadows above the tree line. Digs

extensive but shallow burrows.

podemus sylvaticus	 Normally in open country, in areas of scrub and bushland,

or at forest fringes. IUso known to burrow.

Eliomys guecinus	 Usually found in extensive stands of forest, especially

in deciduous woodland. Often associated with overgrown

clearings or undergrowth at forest fringes. Known to

dig burrows, but usually nests in old hollow trees,

rotten logs and stumps.

Glis	 Found usually in shady parts of deciduous forest, rarely

in coniferous forest. It is a fully arboreal species

which nests and hibernates in hollow trees.

Capreolus capreolus	 l\voids dense forests in favour of sparsely wooded valleys

and lower mountain slopes free of dense vegetation.

Capra ibex	 Found in meadows and craggy areas in rugged mountain

country and high plateau regions. Often extends to just

below the snow line.
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Table 6.4. Bjotope preferences of mamals from the Cabane fauna.

Taxon	 Biotope preference

Talpa europaea	 Found at high and low altitudes in any habitat with

loose, fresh soil in wich extensive tunnels can be dug.

Not found where soil type or vegetation hinder digging.

Lepus sp. Biotope preferences depend on species, but all seem to

avoid dense tracts of coniferous forest. Found at all

altitudes, sometimes in association with woodland.

Oryctolagus cuniculus Usually on light soils where it burrows extensively,

often near or in woodland. Found in lowlands and hilly

country, but not at high altitudes.

Marmota marniota	 Occurs in open subalpine and alpine zones and on

xerophytic mountain steppes. A deep burrow is dug

for nesting.

Cricetus cricetus	 Usually in steppic and open grassy areas where it digs

a warren consisting of tunnels and chambers.

Microtus arvalis	 Principally a meadow animal, but also found in open

clearings in forest areas. Avoids thickets and dense

undergrowth. Nests in burrows and can often be found

close to water.

Microtus agrestis	 Associated with water, often in moist shady woods and

forests, but also found in moist meadows and marshy

lowlands. Can be found in meadows above the tree line.

Digs extensije but shallow burrows.

Pitymys subterraneus	 Coninon in moutains and also in forest-steppe, forested

and bushy ravines, and bushy clearings. Its main

biotope requirement is for light soils which allow

the digging of networks of tunnels.

Clethrionorpys glareolus Comonly in overgrown clearings and forest fringes of

deciduous forests and woodland. Rare in pure fir

forest. Nests underground and climbs well.
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Table 6.4. (cant.)

Taxon
	

Biotope preference

Apodemus sylvaticus

Eliomys qercinus

Rupicapra rupicapra

Normally in open country, in areas of scrub and

bushland, or at forest fringes. This species is also

known to burrow.

Usually found in extensive stands of forest,

especially in deciduous woodland. Often associated

with overgrown clearings or undergrowth at forest

fringes. Known to burrow, but usually nests in old

hollow trees, rotten logs and stumps.

Normally associated with woodland in montane regions,

although this species ranges above the tree line in

sumer.

Capra ibex	 Found in meadows and craggy areas in rugged mountain

country and high plateau regions. Often extends to

just below the snow line.
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The Biotope Spectrum of the mammals from the

Riss fauna contains a large number of species whose

digging and burrowing activities suggest light soils

with an absence of dense vegetation. This latter aspect

of the habitat is reinforced by the prevalence of species

which are apparently not associated with areas of dense

vegetation and those which prefer open clearings and

meadows. However, there are also several species that

are associated with woodland (deciduous woodland in

particular) which suggests the presence of some kind of

woodland vegetation. This is supported by species which

are usually found in the undergrowth of woodland fringes

and clearings, possibly representing the ecotone between

woodland and open habitats.

The forest and forest fringe biotopes are not

so strongly represented in the spectrum for the Cabane

fauna. The majority of species are associated with areas

free of vegetation such as meadows, steppes and clearings,

and particularly areas in which burrows and tunnels can

be dug.

The Riss fauna probably represents a forest

steppe type of formation with the ecotone between forest

and open habitats an important microhabitat. The Cabane

fauna has the forest habitat and the ecotone less

strongly represented in favour of a more open meadow

or steppe formation, but it is apparent that light

soiled conditions were important for both faunas.
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ii Biotope spectra of bird faunas.

An extensive avifauna consisting of some 35

identified taxa (32 identified to species level)

has been recovered from the excavations at Lazaret.

Generally speaking, bird faunas are better suited

than mammal faunas to Biotope Spectrum analyses because

their prel erences tend to be narrower and often better

documented in the literature. The biotope preferences

of birds are controlled almost completely by their

nesting, roosting and feeding requirements.

The avifaunas for the cabane and the Riss

levels from Lazaret are given in tables 6.5 and 6.6.

The feeding, nesting, roosting and other hiotope

requirements, and the habi tat preferences of the taxa

identified to species level are described below and

summarized in tables 6.5 and 6.6. The major sources

for the information detailed below are Dernent'ev et al.

(1951), Gooders (1979: vols I to V) and Harrison (1982).
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Falco tinnunculus - Kestrel

The Kestrel hunts rodents by foraging over open

ground although it prefers to use trees for nesting (or

cliffs and shrubs in treeless areas). Its requirement

is thus for a landscape with both trees (or shrubs or

cliffs) and tracts of open ground, such as forests with

glades, wooded steppes and other sparsely wooded areas.

It avoids cold steppes, desert and unbroken tracts of

forct

Accipiter nisus - Sparrowhawk

The biotope requirements of this species are

dictated by its hunting method, which involves lying in

wait in cover before capturing small birds in flight.

Its hiot ope cons ists of country with trees and open

areas such as light woods, coppices and forests with

clearings. It apparently prefers to nest in conifer

woods when possible.

Circus cyaneus - Hen Harrier

The chief food of the hen harrier is small

mammals which It hunts by quartering open ground on the

wing. This requirement for an open biotope means that

it is found in a variety of habitats such as meadows,

forest clearings, grdssland, steppe, forest—steppe,

moorlands and marshes.
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Aquila chrysaetus - Golden Eagle

The Golden Eagle requires a combination of

nesting and feeding conditions consisting of crags or

tall trees for building aeries with treeless areas

nearby for hunting.

Nyctea scandica - Snowy Owl

The Snowy Owl nests and hunts in open unwooded

country such as tundra, moorland, steppes and coastal

plains. It hunts by quartering open ground on the wing

or by lying in wait on a raised vantage point. Nests

are built in shallow scrapes in dry, well-drained areas.

Athene noctua - Little Owl

The factors controlling the biotope preferences

of this species are unclear, however it is commonly to

be found associated with open and sometimes rugged

country, being found in habitats such as steppes,

semi-desert, and arid areas with sparse tree cover.

It occasionally occurs in open forest. Nests are built

in cavities in trees, among rocks or on the ground.

Otus scos - Scops Owl

This species occurs in lightly forested regions,

wooded steppe, open or broken forest, and parkland with

scattered trees. It avoids damp areas and thick

coniferous forest in favour of drier broadleaf forest.

Nests are built in cavities in trees, rocks or cliffs.
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Bubo bubo - Eagle Owl

This species is widespread, occurring in all

types of rocky or wooded areas from forests to grassland

and semi-desert. It lays eggs in an unlined scrape on

the ground, on ledges or in abandoned nests of other

species and it generally hunts in open areas near forest

fringes.

Dendrocopos major - Great Spotted Woodpecker

The specialized feeding behaviour of this

species limits it to a biotope containing mature trees,

however, it is found in a wid range of forest types

including broadleaf, mixed and coniferous forest, as

well as wooded-steppe and forest-tundra. It rarely

feeds on the ground and it nests in a hole in a tree

trunk.

Jynx torguilla - Wryneck

The Wryneck is found in areas of mixed and

deciduous forest. It avoids dense unbroken stands and

prefers forest fringes and clearings, broken forest,

and even areas of scrubby tree growth, forest islands

and meadows with sparse woody vegetation, scattered

trees or copses. Nests are built in cavities in trees.

Columba livia - Rock Dove

The rock dove requires cliffs and steep banks

with fissures in which it nests, and it is found in

areas that have any kind of steep or precipitous
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declivities. It appears to avoid forests and extensive

flat plains and is often found in areas with open space

nearby which may be bare, stony, or covered with low

herbage.

Columba oenas - Stock Dove

This species requires large old trees with

cavities in which it nests, with open ground nearby to

which it flies to feed on grains and seeds which it

takes while on the ground. It is generally found in

glades in broken forest, or near forest fringes in areas

of mixed or broadleaf forest.

Columba palumbus - Wood Pigeon

This species of pigeon is associated everywhere

with large trees both on the fringes and in the interior

of large unbroken forest stands. It usually nests in

bushes or trees at a height of at least 2 metres from

the ground and feeds on nuts, berries, seeds and

legumes, generally taken while on the ground.

Eudromias morinellus - Dotterel

The Dotterel feeds in areas of tundra, baggy

meadow and high mountain plateaux where there is rich

vegetation, while its nest is built on the ground in

better drained open areas.
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Rallus aquaticus - Water Rail

As its name suggests, the Water Rail is

associated with aquatic conditions and is usually found

among dense vegetation bordering pools, lakes and rivers

and in lush vegetation in marshy and swampy areas.

The Water Rail feeds at ground level and nests are

hidden in cover among rushes and reed beds.

Perdix perdix - Partridge

The preferred biotope of the Partridge is

grassland, dry meadows or steppes with shrubs, coppices,

open woodland and bushy thickets. It is found in forests

only at the forest edge or in large glades and fellings

where it feeds on the ground. The nest consists of a

depression in the ground usually well hidden among cover.

Alectoris graeca - Rock partridge

This species seems to prefer rocky stone covered

mountainsides with some vegetation. It is usually found

above the tree line although it is known to occur in open

woodlands and meadows. It nests and feeds on the ground.

Coturnix coturnix - Quail

This species usually occupies grassland and

areas of low herbage. It apparently prefers to nest

and feed in areas of well-drained open ground including

meadows, glades at forest fringes, wooded-steppe, desert

margins and grassland.



- 429 -

Anas platyrhynchos - Mallard

The Mallard is everywhere associated with water.

In summer it is found on bodies of fresh water where

there is rich aquatic vegetation for foraging and high

herbage or woods nearby to provide cover for nesting.

In winter it occurs in quiet marine coves and estuaries

in the Baltic and northern Mediterranean areas.

Pyrrhocorax pyrrhocorax - Chough

The Chough is a typical bird of the alpine zone,

nesting on ledges and in crevices in rocks and feeding

in alpine meadows. It is usually found in areas where

steep cliffs and crags occur close to open grassy areas.

Pyrrhocorax graculus - Alpine Chough

The Alpine Chough nests in rock crevices and

feeds in alpine meadows.	 Although it usually occurs

at higher altitudes than the Chough, the Alpine Chough

occupies a similar biotope in areas where rocky slopes

adjoin alpine meadows.

Corvus monedula - Jackdaw

The Jackdaw is frequently found in association

with human dwellings, elsewhere it tends to use well

grown trees and rock outcrops for roosting and nesting

while its feeding biotope consists of tracts of

meadowland. It appears to avoid open land during the

breeding season.
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Pica pica - Magpie

The Magpie is found in areas of arboreal and

shrubby vegetation ranging from open forests, groves

and small woods to floodplains and steppes where there

is some open or discontinuous woodland or shrubby

vegetation. Nests are usually built in bushes or trees.

It avoids dense, unbroken stands of forest and treeless

landscapes.

Sturnus vulgaris - Starling

Although this tends to be an urban species in

Britain, the natural biotope preference of the starling

seems to be for sparsely wooded country, or areas where

forest and open ground alternate, thus allowing it to

forage in the open and roost and nest in trees.

The nest is usually built in old, hollow trees.

Coccothraustes coccothraustes - Hawfinch

The Hawf inch is a bird of broadleaf and mixed

forest, groves and forest-steppe. In some places it

winters in parkiand, steppe and meadowland. Nests are

built on low horizontal branches and mature trees are

usually selected in favour of younger ones.

Montifringilla nivalis - Snow Finch

This species is never found beyond mountainous

regions. It occurs where steep precipices, boulders

and stony screes are interspersed with alpine meadows.
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The snowfinch nests in crevices in rocks and cliffs and

feeds in alpine meadows or grassy valley bottoms.

Petronia petronia - Rock sparrow

The rock sparrow is associated with rocky areas

in mountain regions such as screes, stonefields and

rocky slopes. These areas are generally devoid of trees

and dominated by a scant herbaceous vegetation or a

desert-steppe vegetation of sparse stunted grasses.

It nests in crevices in or underneath rocks.

Alauda arvensis - Skylark

The Skylark is almost invariably found in

association with areas dominated by low-growing grasses

such as steppes, dry meadows, open forest-steppe, open

heaths and large forest clearings. The nest is built on

the ground and the species seems to actively avoid areas

of dense or tall grass, shrubland, woodland and forest.

Anthus pratensis - Meadow Pipit

This species is found in areas of open,

sometimes moist ground such as damp meadows, marshes

with herbaceous or mossy vegetation, in the tundra near

water, in open grassland, inoorland and heathiand, and in

moist areas in very open forests. Nests are built on

the ground or on mossy tussocks.
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Turdus pilaris - Fieldfare

The Fieldfare normally nests in large trees and

is accordingly found in forests although it avoids the

dense interiors of large tracts in favour of forest

margins and grassy clearings. It will also range into

more open landscapes although these too must have some

trees or shrubs. Such habitats include wooded steppe

and shrubby tundra which it frequents more commonly in

winter.

Turdus merula - Blackbird

Although the Blackbird frequently nests on the

ground among tree roots it prefers to nests in shrubs,

bushes and trees in shady forest stands with dense

undergrowth. The nest may also be built on branches

close to the trunk of old mature trees. This species

is usually found in association with forest edges and

areas of undergrowth and scrub.

Hirundo riparia - Sand Martin

This species is always found close to water,

usually in open country. The breeding biotope consists

of bankside meadows of rivers, lakes and marshes and its

sole nesting requirement seems to be for precipitous

cliff-like banks. Wooded areas are avoided.
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Lagopus mutus - Ptarmigan

The Ptarmigan is found in bare and rocky moss

and lichen tundra, and in similar areas above the tree

line in mountainous regions where it feeds on the ground

and lays its eggs in a shallow scrape often among rocks

and small bushes.

Corvus corax - Raven

The only limiting factor for this highly

adaptable species seems to be is its need for a ledge,

bush or tree for nesting. It is usually associated with

open and hilly areas and apparently avoids dense forest

but is otherwise to be found in a wide range of habitats

from forest to open country. It nests on a ledge of

rock or in the fork of a large tree.

Troglodytes europaeus - Wren

The Wren nests and forages in low thick

vegetation, generally in moist places. It can be found

in forest undergrowth, heathiand, tangled vegetation on

broken and rocky ground and in areas supporting scrubby

and bushy vegetation. Nests are built in any kind of

hollow or cavity from ground level upward.

Cinclus cinclus - Common Dipper

The Common Dipper is always found in association

with running water, usually streams and small rivers

with stony or gravelly beds often in mountains and hilly
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regions. It nests next to water amongst rocks or in

cavities in trees feeds in and around streams and small

rivers.

Monticola solitarius - Blue Rock Thrush

This species is found in rocky areas, generally

those of a very rugged and precipitous nature although

it occurs in dry and shrubby steppeland and semi-desert

as well. It nests in crevices in rocks or occasionally

in trees and forages for food in rocky areas.

Prunella collaris - Alpine Dunnock

This species occurs in mountainous and high

plateau regions, usually in open rocky areas with a

sparse herb vegetation or small shrubs. The nest is

built in cracks in rocks or among vegetation.

Anthus spinoletta - Rock or Water Pipit

This species nests on the ground and feeds in

areas of low herbage in tundra, alpine and coastal

regions. It can be found in habitats such as grassy

rocky and shrubby tundra, in alpine scrub, montane

plateaux and broken ground at high altitudes.

Motacilla alba - Pied Wagtail

Although the Pied Wagtail prefers to nest in

cover, it is everywhere found near water in open

country, and particularly in association with grassland,



Species

Falco tinnunculus

Accipiter nisus

Circus cvaneus

Aguila chrysaetus

Nyctea scandiaca

Athene noctua

Dendrocopos

!ias torguilla

Columba livia

Columba oenas

Coluniba palumbus

Nests

trees, cliffs, banks

crags or tall trees.

dry open tundra.

trees, rocks, on ground.

hollow trees

steep declivities

and fissures.

large old trees.

large trees.

Eudromias morinellus 	 level tundra with

sparse vegetation

Ral3,us aguaticus

Perdix perdix

Alectoris sraeca

Coturnix coturnix	 open ground, meadows

and woodland glades.

Anas platyrhvnchos	 among high vegetation.

Pyrrhocorax

pvrrhocorax

Pyrrhocorax graculus

Corvus monedula

Pica pica

Sturnus vularis

precipices and rocky

areas.

rock crevices and

holes in trees.

trees.

old and hollow trees.
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Table 6.5. Faunal list and biotope preferences of the Riss avifauna.

Feeds	 Biotope

open ground.	 open ground, sparse woodland,

forests with glades.

in tree cover,	 light woods, coppices,

forests with openings.

open country	 meadows, steppes,

open areas in forests.

open areas,	 mountains, tall forests with

open spaces.

open country,	 tundra, marshes, steppes.

open land, deserts, ravines.

mature and rotten	 mature mixed, deciduous and

trees in woodland,	 coniferous forests.

fringes and clearings of

deciduous and mixed forests.

gorges and other rocky and

precipitous areas.

meadows, pastures	 meadows or small woods with

and woody fields,	 glades.

on the ground.	 edges and interiors of large

forests.

meadows with	 arctic and mountainous tundra

rich vegetation,	 and bogs.

reedy lake shores and

tussocky swamps.

open shrubby ground, forest

edges and glades.

stony mountatn slopes, open

woodland, meadows.

meadowy glades, meadows,

forest—steppe.

water bodies with high herbage

and woodland, coastal bays.

alpine zone.

alpine meadows,	 alpine zone.

fields, steppes	 open ground and open woodland.

and meadows.

shrubland and open woodland.

sparse woodland, steppe and

areas close to water.

/cont.



Anthus pratensis

Turdus pilaris

Turdus merula

Hirundo riparia

on ground

in large trees.

on ground among tree

roots.

vertical sandy banks. on the wing.
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Table 6.5. (cont.)

Spcies	 Nests	 Feeds

Coccothraustes	 old hardwood trees.
coccothraustes

Montifringilla	 crevices in rocks and	 open alpine areas
nivalis

cliffs.

Petronia petronia	 among rocks and in	 alpine meadows.

rocky crevices.

Alauda arvensis	 grassy areas,	 open ground.

Biotope

deciduous and mixed forests.

rocky mountain slopes with

meadows.

rugged localities and sparsely

vegetated montane regions.

open grassland expanses with

low vegetation.

marshy tundra, meadows and

forest glades.

margins of mixed and coniferous

forests.

shady forests with dense

undergrowth.

meadows and shores of water

bodies with banks nearby.
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Table 6.6. Faunal list and biotope preferences of the Cabane avifauna.

Species	 Nests	 Feeds	 Biotope

Lagopus rnutus	 on ground.	 stony and hilly tundra and

alpine stonefields.

Columba livia	 cliffs, steep banks, 	 rocky and precipitous banks

fissures in rocks, 	 and gorges.

Otus	 trees	 mature and deciduous pine and

mixed forests with glades.

Athene noctua	 trees, rocks, on ground. 	 open land, deserts, ravines.

Bubobubo	 on ground or in trees.	 ubiquitous.

Corvus corax	 trees or rocky crags.	 open steppe and	 rocky areas or deciduous,

meadows near forest, mixed and coniferous forests.

Corvus cornix	 trees,	 forests, groves and forest

margins.

Pica	 trees.	 shrubland and open woodland.

Pvrrhocorax graculus	 alpine meadows,	 alpine zone.

Troglod y tes europaeus small trees and bushes,	 bushes and	 rocky areas or undergrowth

undergrowth.	 in forests.

Cinclus cinclus	 next to water,	 near and in streams, banks of small swift rivers

and Streams,

Monticola solitarius 	 rock crevices and	 shrubby areas and rocky slopes

cavities,	 in mountainous regions.

Anthus spinoletta	 on ground	 alpine meadows and rocky areas.

Motacilla alba	 anywhere with cover,	 open country near voter.
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alpine grassland, open tundra and cool steppes. Nests

are usually built in holes or crevices in trees, rocks

or cliffs.

These detailed biotope preferences are summarized

in tables 6.5 and 6.6. A consistent picture emerges

with the following biotopic conditions indicated for the

Riss fauna:

i. Woodland with large trees (spp. with large branch

nesting habits) probably representing mature

deciduous forest including old, hollow and rotting

trees.

ii. A considerable number of the species require

conditions that are best satisfied by forest

glades and clearings, forest edge, light or open

woodland, or coppice environments. There is no

clear division between this and the third set of

conditions.

iii. Open country like steppe or meadowland, perhaps

with some scrubland, bushland or light tree cover.

iv. Rocky and precipitous gorges and ravines with

banks, cliffs, screes or stonefields and alpine

meadows.

v. Moist, marshy and boggy biotopes, streams and small

rivers.



439 -

These five sets of conditions can be used to

produce a vivid picture of what conditions in the region

of Lazaret may have been like during the time the Riss

deposits were accumulating. There is no way of knowing,

on the basis of the evidence available in the literature

alone, whether these conditions were contemporaneous,

or succeeded each other in a sequence through time.

However, it must be said that there are no grounds to

believe that they could not have existed together at one

time. Furthermore, there are several species whose

biotopes require a combination of these conditions, for

instance, the Golden Eagle which requires open ground

for hunting and rocky precipices or tall forests for

nesting, the Kestrel which nests in trees and hunts over

open ground, and the Jackdaw, which feeds in open meadows

or steppes and nests in holes in trees or crevices in

rock faces).

The cabane avifauna differs from that recovered

from the Riss levels in a number of respects. It seems

to be dominated more by the alpine nature of the habitat

and although there are several tree-nesting species,

these tend to either frequent forest margins or are

known to sometimes inhabit rocky areas. Many species

are associated with alpine meadows, mountain valleys or

stonefield biotopes, or in some cases merely open

country. This Biotope Spectrum hints strongly at an
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open habitat possibly with a forest edge type of biotope

somewhere nearby. It must be remembered that this bird

fauna (unlike that from the Riss levels) was recovered

from a series of archaeological living floors. It is

possible that some of the species present may be the

remains of food items and might therefore reflect a

choice of preferred hunting habitats on the part of

prehistoric peoples. In a case such as this, where the

species preserved may not be sampled randomly with

respect to biotope or habitat type, it is difficult to

read any great significance into what might otherwise be

conclusive results.	 It should also be noted that not

all of the species in these faunas are necessarily

resident in the Lazaret area. Species such as

Fiirundo riparia and Anas platrhynchos are migrant

through the circum-Mediterranean region. In this case

it would not be reasonable to include their primary

(i.e. resident or breeding) biotope in the analysis.
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h. Overall Conclusions for the Palaeoecolov of Lazaret.

The conclusions for the various methods can be

summarized as follows:

i. Ecological Diversity - a fairly open habitat with

abundant resources and some shrubs or trees.

ii. Residual Diversity - no specific habitat can be

identified although the greatest similarity is to

open environments such as steppe and tundra.

iii. Taxonomic Habitat Index - the pattern obtained for

both faunas is clearly very similar to those of

modern deciduous forest communities.

iv. Biotope Spectrum (Mammals) - there is evidence for

forest, forest margins and clearings, open ground,

alpine and light soiled biotopes.

v. Biotope Spectrum (Birds) - the environment

indicated is one that appears to include mature

forest, open woodland, meadow and steppe, open

rocky areas and perhaps precipitous ravines and

cliffs. The cabane biotope spectrum stresses an

open environment more strongly.

An attempt to describe the palaeoenvironment of

Lazaret too fully would not be desirable, however, there

are certain interpretations that can be discarded.

The possibility that the habitat represented was like

modern tundra is contradicted by the high number of

large bodied species and by the low proportion in the

tundra column of the taxonomic habitat index pattern.
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As far as boreal forest is concerned, it is notable that

a number of the species in the biotope spectra analyses

for both mammals and birds actively avoid pure stands of

coniferous forest. It seems almost certain in the light

of this that neither the mammal nor the bird communities

were adapted to life in a boreal forest. Furthermore,

any similarity to forest environments suggested by the

residual diversity pattern tends towards deciduous

rather than boreal forest.

Desert and semidesert habitats can also be

excluded. Neither the Ecological Diversity, Taxonomic

Habitat Index nor the two Biotope Spectra suggest the

presence of anything like these habitat types. Only the

Residual Diversity pattern shows any resemblance to

modern semidesert communities and this almost certainly

because of the importance of large-bodied species in the

faunas.

The main habitat types that cannot be discarded

are deciduous forest, steppe and woodland-steppe and

the results described above represent interpretations

that focus on different aspects of the same environment.

The two diversity methods, Ecological and Residual

Diversity, stress the open nature of the habitat,

although recognising the presence of some kind of scrub,

bushland or woodland. The Taxonomic Habitat Index tends
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to stress the deciduous forest affinities of the mammal

faunas. The mammalian biotope spectra provide no very

clear-cut results, but suggest biotopes ranging from open

and alpine to deciduous forest conditions. The clearest

results are given by the biotope spectra for birds.

A vivid picture of the environment results which, like

the mammalian biotope spectra, indicates woodland, open

country and alpine conditions. De Luniley et	 . (1969)

concluded that the countryside around Lazaret consisted

of deciduous and mixed forest and open spaces in the

valleys, with pine forests in the upland areas.

The results of the study presented here are broadly in

agreement with the interpretations of de Lumley et al.,

but would suggest that although deciduous forest and

open spaces were certainly a major influence, it seems

more likely that the uplands supported alpine meadows

and rocky areas rather than pine forest.

Two unresolved problems remain:

i.	 It is unclear whether the biotope types existed

together at one time or whether they represent some kind

of successional sequence. This problem could perhaps be

resolved by analysing the faunas from discrete levels

rather than combining these to form just two faunas.
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ii. It is possible that the preserved cabane mammal and

bird faunas were selected by prehistoric peoples from

their preferred hunting biotopes. In spite of this

however, different palaeoecological methods still give

different results. This shows that even when a fossil

fauna may consist of the accumulated remains of the food

of prehistoric peoples, it is still potentially possible

to reconstruct the palaeoenvironment, provided sufficient

different species are available.
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3. Westbury-sub-Mendip.

a. Introduction.

The middle Pleistocene deposits preserved at

Westbury-sub-Mendip, Somerset, first revealed during

quarrying activity in 1969, are exposed along a 30

metre cliff in the northern face of the quarry.

The sediments form the infill of a cave in the

carboniferous limestone, the roof and southern wall of

which no longer exist, having been removed by erosion

and blasting. The deposits have been divided into

three lithological units, all of which contain fossils.

The vertebrate fauna is the most extensive known for

the British middle Pleistocene, and of 56 species

recorded, 12 are new records for Britain.

The stratigraphy has not yet been completely

described, but a publication is in preparation (Andrews

et al., in prep.). Flints have been discovered in all

three units and were at one time claimed as the earliest

known evidence for the presence of early man in Britain

(Bishop, 1975). This now seems in doubt since there is

nothing to suggest that these flints are man-made

artefacts (J. Cook, pers. comm.). Excavations have been

carried out at the site by members of the Department of

Palaeontology of the British Museum (Natural History)

since 1976, and this work has been resulted in a much

more complete understanding of the nature of the site
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and the processes that have affected it since the

original formation of the cavern.

b. Geology.

The deposits at Westbury form the infill of

a large cavity in the Clifton Down limestone and

Burrington oolite of the Mendip Hills. The roof of

this cavity is no longer preserved. The cavern appears

to have been complex, with a large vertical rift running

from southeast to northwest along the strike of the

limestone, a smaller connecting chamber to the west

following the dip of the limestone, and a lower chamber

(now concealed by debris) below the western end

(P. Andrews, pers. comm.).	 The main part of the cavern

is now exposed long itudinally, in a slightly oblique

section, in a quarry whose face crosses the long axis of

the cave at an angle of about 20 degrees. Evidence of

the former roof of the cave remains in the form of an

upper breakdown layer with some overhang roof blocks

suspended in it. The upper walls show only collapse

features, whereas the presence of original phreatic

features in the lower part of the cave indicates closed

cave rather than open fissure conditions.

The sediments filling the limestone cavern

are most conveniently divided into three lithological

units, known as the siliceous group, and the eastern

and western cave breccias.	 The three units are
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lithologically and faunally distinct but there is

much lateral variation in many beds which makes

correlation even within these units problematic.

The siliceous group of sediments consists of

sands, gravels, silts and sandy clays, which are exposed

in the central part of the site and low down at the

western end of the exposures. The group becomes hidden

beneath breccias at the eastern end, and is obscured by

quarrying debris in many other places. It seems that

the siliceous group probably forms an extensive sandbank

lying against the north wall of the cave, which is

exposed where the overlying breccias pinch out, partly

due to the oblique sectioning of the cave.

The current bedding of the finer silts and the

rolled condition of bones, teeth and gravels, all point

to the fact that the siliceous group is waterlain.

Only a sparse fauna has been obtained, associated mainly

with the gravels in the lower part of the sequence

(P. Andrews, pers. comm.). The bones and teeth are well

rolled and appear to have been transported a considerable

distance before being deposited as part of the siliceous

group. With the exception of a few rodent molars, the

remains that have been recovered are mainly the teeth

and bones of large mammals which are mineralized and

are probably derived from an earlier deposit.
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The two sequences of calcareous cave breccias

overlie the siliceous group, one series at the eastern

end of the exposures, the other at the western end.

Both sequences consist of bedded breccias and

conglomerates incorporating variously coloured silt,

sand and clay matrices. These are divisible into a

number of beds, some of which are strongly demarcated.

All the beds appear to be fossiliferous and flints have

also been found, which together with three rounded

pebbles of ironstone, are the only known erratics in

these units (Bishop, 1974). The breccias are clearly

not waterlain. Stratification tends to be less distinct

near the walls and the existence of lateral lithological

facies is almost certain. Fossils are abundant and few

show any signs of transport although most are badly

crushed and fragmentary. In some horizons there is an

unusually large proportion of carnivores (notably Ursus

deningeri). Other beds contain greater proportions of

ungulates or rodents.

Overlying the western series of breccias is a

sub-unit known as the Rodent Earth. This consists of a

series of silty earths which are probably the result of

a single depositional phase during which other elements

such as limestone boulders (from roof collapses) and

mammal bones (in particular, small mammals) were

incorparated during limited periods of time so that they

now form discrete horizons within the main silt deposit.



- 449 -

The whole sub-unit resembles a section through a channel

or conical depression. This appearance seems to be the

result of the solution of limestone boulders from the

centre of the section by percolating groundwater.

Limestone ghosts consisting of small lenses of insoluble

chert and manganese particles indicate the former

positions of limestone boulders that have been

completely dissolved. Remaining boulders are heavily

weathered around the outside to a depth of up to 1cm..

The solution feature in the Rodent Earth is almost

certainly related to a collapse feature that has been

discovered below the rodent earth, running through the

western series of calcareous breccias towards a crack

that divides the deposits at a locality known as t'W 3".

These features are related to the presence of the lower

chamber, into which much of the upper chamber material

has fallen. The analysis that follows concentrates on

the fauna from the rodent bed which is the richest of

the discrete fossiliferous horizons within the Rodent

Earth.

c. Palaeoecology: Introduction.

The faunal list for the assemblage recovered

from the rodent bed is given in table 6.7. This mammal

fauna was studied using the same methods used in the

Lazaret analysis described above.
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d. Ecological Diversity.

The ecological diversity profiles for this fauna

are shown in figure 6.6. These profiles are dominated

by small body weights, grazers and insectivores, and

ground adapted mammals, a pattern which is charateristic

of tundra communities. 	 In spite of these structural

similarities, however, the fauna from the rodent bed

contains more species than any of the tundra communities

in the modern sample. There is very little similarity

to the ecological diversity profiles for the communities

associated with other habitats.

e. Residual Diversity.

The residual diversity pattern for the rodent

bed fauna is shown in figure 6.7.	 Initially it appears

that the residual diversity pattern resembles that seen

in tundra communities quite closely. However, this is

qualified by the fact that the patterns for all habitats

converge on this tundra-like appearance when large

bodied species are removed and it is therefore possible

to find similarities between this pattern and that for

all the other palaearctic habitats (except semi-desert).

The pattern is also similar to those given by mixtures

of communities from different habitats, particularly

those including tundra communities (not figured: Dreyer,

undescribed results).
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Figure 6.6. Ecological diversity of the Rodent Bed fauna from Westbury-sub-1'1endip.
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Figure 6.7. Residual diversity pattern of the Rodent Bed fauna from

Westbury-sub-Ilendip.

120

6.7ii.	 40

De

120



- 453 -

This fauna contains more vole species than

most modern communities and in order to allow for this

increased richness of voles, the microtine genera Neomys

Pitymys, Pliomys, Microtus and Clethrionomys were

removed and the remaining assemblage tested to see how

it compared with the modern sample. When the excess of

voles is removed the pattern remains basically the same

as before although it becomes slightly more similar to

that given by modern tundra communities. The result

of this test is shown in figure 6.711 which shows that

the tundra-like appearance of the pattern is preserved

even when the voles are removed. Overall, no definite

affinity to any habitat can be found although it is

clear that the closest similarities are to tundra and

composite communities including tundra.

f. Taxonomic Habitat Index.

The THI profile for the rodent bed has a very

strong resemblance to those of tundra communities.

This is seen in the high proportion represented by the

tundra column (Tu). Only modern tundra communities and

faunas containing a tundra element show such a high

proportion in this column (see also chapter 7).

However, the rodent bed pattern differs from the typical

tundra pattern in that it also has a high proportion

represented in the deciduous forest column (D), but the

meaning of this feature is not certain. The high

value in the montane column (Mo) is characteristic of
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Table 6.7. Faunal list, THI weightings and ecological diversity

classifications of the Rodent Bed fauna.

Taxon
	

THI and Ecological Diversity Classifications

Tu	 B	 D	 F1	 S	 Fs	 P	 I	 Plo	 ÜJ	 D	 L

Erinaceus sp.

Sorex cf. minutus

Sorex runtonensis
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Desmana moschata
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Talpa cf. minor

Pliomys episcopalis

Clethriononiys SF.

Arvicola cantiana

rnicrotus arvalis

conornus

Microtus gregalis

Pityniys arvaloides

Lemrnus lemus

Dicrostonyx torguatus

Ochotona pusilla

Lepus timidus

1ustela palerminea

IltJstela praenivalis

Canis lupus

Iirsus sp.

Cervus cf. elaphus

Bos sp.
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Figure 6.8. THI pattern of the Rodent Bed fauna from lilestbury.
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many fossil assemblages and the significance of this is

discussed below (see p.500).	 The only other feature of

note is the relatively high proportion in the steppe

column (S) which suggests that some steppic elements

were also present.

g. Biotope Spectrum.

The Biotope Spectrum for Westbury is presented

in a slightly different form from that for Lazaret

although it is based on the same kind of evidence.

Biotope preferences are assigned directly for extant

species and on the basis of close living relatives,

where these are available, for fossil species.

The presence of Erinaceus, Clethrionomys and

two species of Talpa suggests a light soiled, well

drained habitat, as do the burrowing forms such as

Microtus arvalis, Microtus gregalis, and perhaps also

the Pitymys and Arvicola species, whose living relatives

are strong diggers. Sorex minutus, Microtus arvalis and

Lemmus lemmus are often associated with open scrubby

areas in pine and birch forests. The distribution of

the Clethrionomys voles seems to be limited primarily

by vegetation type, and they occur almost invariably

in habitats dominated by shrubby vegetation and birch

forest.	 As far as bird species are concerned,

Lagopus lagopus is also found in association with birch

forests, while Lagopus mutus, which generally lives in
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more open terrain, is known to migrate to birch forests

in winter.

There is also ample evidence for the existence

of biotopes with standing and/or running water:

Desmana moschata, Microtus arvalis, Microtus oeconomus

Neomys spp. and Anas platyrhynchos are all strong

swimmers, and these together with Microtus gregalis

are indicative of conditions with bodies of water and

marshy areas. Microtus gregalis is never found far

from running water in tundra and forest-tundra where

it forms colonies on the high sandy banks of rivers.

Microtus oeconomus is not found in areas of thick

vegetation and is largely confined to patches of

moss-lichen tundra. The Microtus species in general

tend to inhabit relatively rich and wet places during

the summer months and migrate to better drained areas

in winter.

Four biotopes are suggested by this analysis:

i. Birch forest.

ii. Open areas with sparse vegetation ranging from

scrub to moss-lichen tundra.

iii. Bodies of standing or running water and areas

of marsh or wet meadow mires.

iv. Well-drained, light-soiled biotopes.
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Once again, as was the case with the Biotope

Spectrum analysis of Lazaret, (but with the possible

exception of biotopes iii and iv) the biotope types

indicated seem to form a reasonably consistent picture

of the conditions that could have prevailed during the

time the fossil fauna was accumulating. If these

suggestions are correct, then the environment at

Westbury during the formation of the Rodent Bed was

probably most similar to modern birch forest tundra,

although the apparently fairly extensive presence of

bodies of water argues for rather longer and warmer

summers than are the rule in such habitats at present.

The overall picture appears to be one of a periglacial

type of environment with relatively moist warm summers

and probably severe, but not intensely cold winters.

h. Overall Conclusions for the Palaeoecology of Westbury.

The results can be summarized as follows:

i. Ecological Diversity - an open environment most

similar to tundra but with some similarities to

steppe.

ii. Residual Diversity - no specific habitat can be

identified although the greatest similarity is to

tundra.

iii. Taxonomic Habitat Index - a strong tundra element

is obviously present although there is some

suggestion of a deciduous forest influence.
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iv.	 Biotope Spectrum (Mammals and Birds) - four biotope

types appear to be indicated, all of which are most

consistent with a rich periglacial tundra or birch

forest habitat.

As was the case with Lazaret, the results of the

various methods all suggest the same basic habitat while

at the same time stressing different characterstics of

the palaeoenvironment. In terms of traditional faunal

analyses, this assemblage is a "cold" fauna belonging to

the rigorous conditions of a glacial period. It has been

demonstrated that there is clearly a strong tundra

element present, but it is equally clear that the rodent

bed fauna is much richer and more diverse than modern

tundra communities. For this reason it seems reasonable

to conclude that the rodent bed assemblage is derived

from a community that lived in a habitat that has no

exact modern equivalent.
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4. Discussion of points arising from case studies.

The two case studies described above, although

seemingly straightforward, raise a number of topics for

discussion:

a. Comparability of the results of different methods.

b. Problems caused by impoverishment in modern

communities.

c. Problems posed by "extinct" habitats.

a.	 Comparability of the results of different methods.

It was noted in section I that different

palaeoecological methods tend to reconstruct the

palaeoenvironment in different terms. It is useful

here to summarize the ways in which the different

methods produce their results:

Ecological Diversity: Uses the adaptive structure of a

community as a means of describing the niche

structure of the community's habitat.

Residual Diversity: Compares the residual adaptive

structure of biased fossil faunas with the adpative

structure of modern unbiased communities.

Taxonomic Habitat Index: Summation of ranges of

distributions (weighted by habitat) for each

taxon in a fossil fauna.

Biotope Spectra: Summation of the particular niche

preferences shown by each taxon in a fossil fauna.
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Both the case studies presented above

demonstrate how the various methods can give different

results in practice, even when applied to a single

assemblage. It is clear however, that in neither case

are the results of the various methods completely at

odds. The general tendency is for different methods to

stress different aspects of the palaeoenvironment more

or less strongly rather than suggesting altogether

different environments. The two indicator methods give

the more vivid descriptions, while the nature of high

latitude communities makes diversity methods of less use

in discriminating between different habitats. The main

consequence of this is that it seems advisable to use as

many methods as possible when analysing a site since it

would be misleading to regard the result of any one

method as being definitive.

b.	 Impoverishment in modern communities.

A number of the species present in Europe during

the Pleistocene are now either extinct or at least no

longer found in European mammal communities. This

applies mainly to large mammals and particularly to

carnivores. The disappearance of these animals may be

related to the growing influence of prehistoric man on

European ecosystems. If this is an example of a change

in ecological structure not resulting from habitat

change but from ecologically "random" historical events,

then the presence of these animals in fossil faunas and
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their absence from extant comunities means that the two

are not strictly comparable since the extant communities

have different ecological structures from their fossil

counterparts, despite the fact that they may both be

associated with the same habitat type. The only

effective way round this problem is to remove from

the fossil fauna those species that have no obvious

ecological equivalents in modern communities. This

approach was used in both case studies with a certain

amount of success. It can be justified only if the

absence of the species from modern communities is the

result of a random event. An extension of the same

approach is the removal of excess but extant species to

counteract the effects of increased species richness in

some Pleistocene environments.

c.	 Problems caused b y "extinct" habitats.

The problem of non-extant habitats was

highlighted by the fauna from the Rodent Bed at

Westbury. The possibility that the habitat represented

at a fossil site has no modern equivalent has always to

be considered, and it is therefore essential that any

palaeoecological methods used should be capable of

describing or identifying extinct habitats. All the

methods used in the case studies can be used in this way

but it is one of the failings of traditional indicator

methods that they are unable to do this. The fact that
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non—extant habitats can be identified has been

demonstrated above and chapter 7 will be devoted to a

more detailed examination of this problem.
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Chapter 6: Summary

Chapter 6 provides a practical comparison of some

of the methods discussed in section I (Ecological and

Residual Diversity, Taxonomic Habitat Index and Biotope

Spectra). Two sites are discussed (Lazaret and Westbury

-sub-Mendip) and 3 faunas are analysed: the Cabane and

Riss faunas from Lazaret and the Rodent Bed fauna from

Westbury. It is seen that different palaeoecological

methods appear to highlight different aspects of the

environment inhabited by each fauna.

The habitat represented by the Riss fauna from

Lazaret appears to be a forest-steppe formation. A similar

habitat is represented by the Cabane fauna, although the

open nature of the habitat is stressed more strongly.

The Cabane fauna comes from habitation levels and may

represent the preferred hunting and foraging habitats of

the ancient occupants of the cave.

The Rodent bed fauna from Westbury suggests a habitat

similar to modern tundra, but much richer, and capable of

supporting a larger mammal community.

These case studies raise three points: firstly, that

each palaeoecological method tends to produce slightly

different results, which seem to stress different aspects

of a common environment for each fauna. Secondly, that

chance historical events have resulted in the impoverishment

of modern communities, thus making the comparison with

palaeocommunities more difficult. Thirdly, it is possible

that the habitat represented by a fossil fauna may have no

modern equivalent. It is possible to identify such

"extinct" habitats and this problem is addressed in more

depth in chapter 7.
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Chapter 7

Habitats of Pleistocene Euro



- 466 -

1. Introduction.

One of the problems raised by the case studies

described in chapter 6 was that of extinct habitat types

not represented in the modern sample. The discovery of

extinct habitats has been restricted in the past by the

inherent limitations of traditional indicator methods;

when animals' ecological preferences are crudely defined

in terms of modern habitats alone, only these habitats

can possibly be identified and there is no means by

which non-extant habitats can be discovered. This type

of approach is unsatisfactory, but it has continued

despite the fact that there is evidence in the fossil

record to suggest that, at various times in the past,

habitats have existed in Europe that are not found at

present. In this chapter an attempt is made to see

whether it is possible to discover evidence for these

extinct habitats among fossil mammal faunas. Evidence

of past climates and fossil floras can be used to

document several non-extant habitat types and the

taxonomic habitat index patterns for these can be

predicted. The patterns drawn up for fossil faunas

are then compared with the predicted patterns.

The case study will be presented in five parts:

i. Critique of traditional indicator methods.

ii. Prediction of extinct habitats from climatic

and vegetational history.

iii. Prediction of THI patterns for extinct habitats.
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iv. THI patterns for European Pleistocene faunas.

v. Comparison of fossil and predicted patterns.

2. Critioue of traditional indicator methods.

The palaeoecology of European Pleistocene mammal

faunas has traditionally been studied using indicator

species, and this, more than anything else, has been

responsible for the inadequacy of past palaeoecological

work. In many cases the problems are compounded by the

fact that the same species are also used for the faunal

dating of sites. When indicators are used for both

palaeoecology and biostratigraphy (see for example,

de Lumley, 1969), there is always the risk that faunas

of similar ecological character will be interpreted as

being of similar age - which may not necessarily be true.

In some cases the result may be a dreadful circularity

leading to the conclusion that all faunas of a given

age shared the same environment. This chapter is not

concerned with the dating of faunas or the use of mammal

species for the faunal or biostratigraphic dating of

fossil sites and examination will be strictly limited to

the use of species to draw palaeoecological conclusions.

In the past, traditional indicator species have

been used either to indicate particular habitat types or

just generalized warm or cold conditions (corresponding
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to the simplistic notion of warm and cold periods of

climate). Below is given a list of species together

with the environmental conditions for which they have

been used as indicators at one time or another (see for

instance, de Lumley, 1969; Butzer, 1972; Zeuner, 1959).

i.	 Tundra and tundra-steppe.

Alopex lagopus, Gulo gulo, Lepus timidus,

Lepus arcticus, Dicrçstonyx torguatus, Lemmus spp.,

Coelodonta antiguitatis, Rangifer tarandus,

Ovibos moschatus, Mammonteus primigenius.

ii. Coniferous forest.

Gulo gulo, Lynx lynx, Cervus elaphus, Alces alces,

Rangifer tarandus, Bos primigenius, Ursus arctos.

iii. Deciduous forest.

Ursus spp., Lynx lynx, Hippopotamus amphibius,

Dicerorhinus merckii, Cervus elaphus, Alces alces,

Bos primigenius, Bison bonasus, Eliomys guercinus.

Dama spp., Gus gus, Palaeoloxodon antiguus,

iv. Warm continental steppe.

Lagomys spp., Alactaga jaculus, Alactaga saliens,

Citellus citellus, Marmota bobak, Eguus spp.,

Saiga tartarica, Vulpes corsac, Putorius putorius

Ochotona spp..

v. Montane.

Marmota marmota, Capra ibex, Rupicapra rupicapra,

Microtus nivalis.

vi. Forest-steppe.

mixture of iii. and iv. (Zeuner, 1959).
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Some authors just refer to "warm" and "cold"

indicators. Generally speaking, warm indicators are

those in group iii, while the cold forms are those in

groups i and v. Not every indicator that has ever

been used as a warm or a cold indicator appears in the

lists above, in addition many of the steppe species

are regarded as cold indicators when they are found in

western European faunas. Species that have been used

as warm indicators include the following:

Palaeoloxodon antiguus, Hippopotamus amphibius, Dama spp.,

Capreolus capreolus, Cervus elaphus, Eliomys guercinus,

Clethrionomys glareolus, Dicerorhinus etruscus, Sus spp.,

Gus gus, Rupicapra spp. and Hystrix spp..

The following species are commonly regarded as

indicating cold conditions:

Rangifer tarandus, Dicrostonyx spp., Lemmus spp.,

Coelodonta antiguitatis, Ovibos moschatus, Gulo gulo,

Alopex lagopus, Capra ibex, Mammonteus prirnigenius,

Eguus spp., Spermophilus spp., Saiga tartarica,

Microtus oeconomus, Microtus gregalis and Ochotona spp.,

The general methodological criticisms of

indicator methods outlined in chapter 3 were as follows:

i. Whole fauna is rarely used.

ii. Quantitative data are rarely used.

iii. Habitat preferences of fossil species are unknown.

iv. Methods become less reliable with increasing

geological age.
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v. Methods assume species to have a single invariable

habitat preference.

vi. Only extant habitat types are recognised.

These criticisms apply to all indicators, but

in addition, there are two other criticisms that can

be levelled at the way indicators are usually used in

studies of the Pleistocene of Europe:

vii. The terms "warm" and "cold" are not ecologically

useful. This difficulty is compounded by the fact

that many open-country species are regarded as cold

indicators when they appear in western European

faunas. It is possible that the faunas in which

they are found may indeed correspond to periods of

cold climate, but it is not necessarily true that

these faunas were living in genuinely cold, arctic

or periglacial habitats. As a further complication,

It is probable that some species usually taken to

indicate warm conditions in northern Europe only

occur in Mediterranean regions during glacial

periods and could indicate cold conditions if

found there. As an example of this, Zeuner (1959)

considered that during glacial periods, Mediterranean

woodland would have been replaced by temperate

deciduous woodland of the type now found further

north. Deciduous woodland species are widely

believed to indicate warm conditions in northern

areas although it is clear that in this case the
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presence of these animals in the Mediterranean

region indicates a glacial period, not an

interglacial or interstadial.

viii. Species habitat preferences may have changed.

Not only are the adaptations of fossil species

unknown, but there is also a strong possibility that

a number of modern species are today restricted to

only some of their naturally preferred habitats,

having been forced into relic enclaves by the

expansion of human populations. This makes habitat

preferences based on modern distributions

potentially misleading. It seems likely that this

applies to many of the larger-bodied mammal species,

such as Ursus arctos, Capra ibex and Canis lupus,

all of whose distributions are now considerably more

restricted than they were formerly. This problem is

discussed more fully below (see p.498).

The use of traditional indicator methods is

clearly unsatisfactory. The implications of chapters

3, 5 and 6 are that indicator methods are the best

available for analysing recent faunas of moderate to low

species richness, such as those from the Pleistocene

period of Europe. Traditional indicators are unsuitable

since among their many faults they suffer an inability

to deal with extinct habitats. Taxonomic Habitat Index

(Till) and Biotope Spectra are the best indicator methods
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currently available and both are theoretically more

desirable than traditional indicators. Although Biotope

Spectra give the most detailed and vivid results, the

method is extremely time consuming to use and is not

suited to a sample containing a large number of faunas.

In addition, Biotope Spectra only work well with

assemblages that contain a reasonable proportion of

extant species and they are not therefore equally

effective for sites of all ages, even within the

relatively limited time span of the Pleistocene period.

Taxonomic Habitat Index is also more useful than Biotope

Spectra since the majority of the mammal species known

from the Pleistocene, if not themselves extant, belong

to extant genera. TI-LI patterns, even when constructed

at the generic level, are still sufficiently distinctive

to allow most habitat types to be distinguished. THI is

the only method used to analyse faunas in this chapter.

However, since the relationship between the THI pattern

and the habitat occupied by the community is still not

fully understood for modern communities and habitats,

the method is not used descriptively, but is used only

as a means of identifying predicted habitat types.
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3. Prediction of extinct habitats from climatic and

vegetational history of Pleistocene Europe.

a. Climatic History.

Glacial-interglacial schemes have been outlined

for many areas of Europe. Table 7.1 summarizes the

classical European schemes of Pleistocene stratigraphy,

and gives the most widely accepted correlations.

The alpine sequence is based on the morphostratigraphy

of fluvioglacial outwash terraces and glacial end

moraines, originally defined in the Bavarian plateau

region by Penck (1885; cited by Bowen, 1978) and

extended to the alpine region and subsequently farther

afield (Bruckner, 1886; Penck and Bruckner, 1909;

Eberl, 1930; Schaeffer, 1953; all cited by Bowen, 1978).

The northern European stratigraphy is essentially based

on the morphostratigraphy of Scandinavian ice-sheet

end-moraines. Numerous marine and continental

interglacial deposits can also be traced in relation to

overlying and underlying glacial sediments, thus making

this sequence somewhat more reliable than the alpine

model. The British sequence is based on a study

of glacial tills and palaeobotanical evidence of

intergiacials. A full discussion and criticism of

these models is given in Bowen (1978). However, it

is quite clear that the record of Quaternary events in

continental deposits is imperfect. All the classical

European models suffer from the drawback that they are
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Table 7.1. Summary of the classical European schemes

of Pleistocene stratigraphy.

N. European	 Alpine	 British	 tclimatet	 *

Flandrian

Weischel

Eem

War the /Saale

Holstein

Elster

Cromerian

Post-glacial

Wurm

Riss-Wurm

Riss

Mindel-Riss

Mindel

Gun z-Minde 1

Post-glacial

Devensian

Ipswichian

Woistonian

Hoxnian

Anglian

Cromerian

warm	 0

cold
128

warm
240

cold	
330

warm	
400

cold
570

warm
700

* Age in 1,000yrs B.P.



- 475 -

based on sections in which deposition has not been

continuous and a good deal of all these sequences is

represented by non-depositional or erosional breaks in

the record. Fortunately there are places on the deep

ocean floors where the deposition of sediments during

the Quaternary was probably continuous. Stratigraphic

analysis of cores of these sediments is based on

variations in morphology and isotopic composition

of the calcareous tests of benthonic and planktonic

foraminifera, on inorganic components of the sediments,

and the relation of these to radiometric and

palaeomagnetic measurements. By careful dating

and correlation of cores, a continuous stratigraphic

record reaching perhaps as far back as the Cretaceous

can be obtained.

Although oxygen isotope fractionation is

temperature-dependent and reflects the ambient

temperature of ocean waters, these cores are not merely

a record of oceanic events. The isotopic composition of

foram tests and the calcium carbonate fraction of the

sediment is controlled to a significant extent by the

amount of land locked ice at the time of test or mineral

formation (although there is still dispute as to which

of these factors is the most important source of

variation). In reactions involving several isotopes

of the same element, individual isotopes are often

incorporated unequally, and in this case 112016 has a
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higher vapour pressure than 112018 and therefore occurs

more frequently in the atmosphere. As a result there is

selectivity, depending on oxygen isotope mass, of the

water removed from the oceans by evaporation and

subsequently incorporated into continental ice through

precipitation. The oxygen isotope composition of the

oceans reflects the amount of water retained in land

locked ice. Deep sea cores thus provide a record of

terrestrial climatic events, and because these were

probably globally synchronous (although the effects

varied from place to place), cores from widely separated

areas can be correlated to provide a complete record.

The cross correlation of long and reliably dated cores

has allowed a general Pleistocene section to be set up

(Shackleton, 1972; and Shackleton and Erniliani, 1974)

which indicates a total of 8 complete warm-cold

oscillations since the Brunhes-Matuyama palaeomagnetic

boundary (dated at about 690 - 700,000 years B.P.).

The bess sequences of central Europe also show evidence

of 8 cycles since that date, of which at least 5 were

sufficiently severe to produce permafrost conditions in

mid-latitude Europe. The correlation of the classical

European and British schemes with the ocean core and

bess sequences is, however, highly equivocal, and is

the subject of much discussion (Butzer, 1975;

Kukla, 1979). Despite the arguments over these issues,

for the purposes of this study it is sufficient merely

to note that although the classical stratigraphic
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schemes are highly misleading, not to say inaccurate,

it is certain that there was a series of climatic

oscillations during the Pleistocene which doubtlessly

had considerable effects on the ecology and biology of

Europe.

b. Vegetation change in Pleistocene Europe.

Vegetational changes can be predicted from

a general knowledge of the factors controlling plant

growth and the way these factors vary during the course

of climatic oscillations. The history of such changes

can also be documented by palaeobotanical remains

(including pollen) from many parts of Europe.

Plant growth, development and succession are all

influenced by climatic and edaphic factors which control

the moisture, light and temperature regimes to which

plants are subject. In Europe, during the Pleistocene

period, dramatic changes in climate accompanied the

growth and decline of continental ice-sheets, while

most of the non-climatic factors remained unaffected.

The most important influences on vegetational habitats

are summarized here and the effects of climatic change

discussed below.

i.	 Moisture.

The moisture available to plants depends on the

substrate in which they are growing and the rainfall

regime to which they are subject (ie the amount and
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seasonality of the rainfall), which is controlled by

the movement of large bodies of air combined with

local topographic effects.

ii. Temperature.

Much of plant physiology is temperature dependent

thus making temperature an important factor in plant

development and growth. The temperature regime to

which plants are subjected is controlled by three

factors: Long term variations in temperature which

are controlled by the movement of large air masses,

while shorter term and daily variations are

controlled by insolation, and local variations,

which are largely under the influence of topography.

iii. Light.

Plants depend on light for photosynthesis and the

light available to plants comes entirely from solar

radiation, the potential daily duration and intensity

of which depends on latitude.

From this brief summary it can be seen that the

significant characteristics of any locality which must

be taken into account are as follows:

i. Substrate (influencing moisture availability)

ii. Latitude (controlling light regime and temperature

variations due to solar radiation).

iii. Air Masses (controlling seasonal and shorter term

temperature and rainfall regimes).

iv. Topography (influencing local variations).
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Interpreted very simply, and all other factors

being equal, there is a tendency for the length of the

growing season to increase southwards as annual mean

temperature and photoperiod increase. Lower latitude

habitats tend to be floristically richer, although

the exact nature of these habitats depends on the

availability of moisture and severity of the climate

during the harshest seasons.

During the development of continental ice masses,

latitude and topography (in unglaciated regions) would

be unaffected, while the substrate is partly independent

of climate and partly affected through the medium of

vegetation type, which influences the development of

soil profiles. A summary of the changes in soil type

in north-western Europe during climatic fluctuations

is given by van der Hammen 	 j. (1971). The fourth

factor, the development and movement of large air masses

is influenced by the presence of ice-sheets over which

bodies of cool air develop. Thus for a given locality,

while topography, latitude and to a certain extent the

nature of the substrate remain constant during the

development of a glaciation, the movement of large air

masses (influencing temperature and rainfall regimes)

would have varied with changes in the size and proximity

of the ice-sheets. As a consequence, vegetational

patterns underwent major changes in response to climatic

fluctuations of the glacial-interglacial cycles of the



- 480 -

Pleistocene. There is insufficient space here for a

detailed discussion of the floral history of Europe.

The reader is referred to van der Hammen et al. (1971),

Frenzel (1973) and the references cited therein for a

more detailed disussion of the palaleobotanical record.

The present distribution of vegetation types

represents a more or less typical interglacial pattern

although it has been suggested that the climate has

at times been even milder than it is currently.

For instance, fossil hazelnuts have been discovered

in Scandinavia at higher altitudes and further north

than they are now found. Evidence of this kind has

been gathered for a number of species and lends a great

deal of weight to this suggestion (for details, see

Frenzel, 1973).

During glacial periods the general effect

of the expanding ice-sheets would have been to push

vegetational belts to lower latitudes and lower

altitudes than those in which they exist during

intergiacials. Periglacial tundra was apparently

ubiquitous near the ice-fronts, usually separated from

them by a belt of polar desert. In the North-West

European sequences there is no pollen record for the

coldest intervals when vegetation cover must have been

very sparse or even totally absent. Frost polygons

are evidence of an extremely harsh climate which was
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probably responsible for the absence of vegetation and

van der Hammen	 j. (1971) interpret these features

as demonstrating the presence of polar desert.

The periglacial tundra, when pushed to lower latitudes,

would have enjoyed the advantages of a longer growing

season and would have developed a richer formation than

modern tundra. Alpine formations are significant in

this context since they contain an altitudinal parallel

of the latitudinal succession of habitats, which enables

alpine tundra and coniferous forest to exist at lower

latitudes than those in which arctic tundra and boreal

forest are found. Important difference between these

alpine formations and their higher latitude counterparts

can be related to latitude, and an important character

of all the alpine formations is their floristic richness.

This increased richness of tundra during glacial

periods would probably have given it a more steppe-like

character resulting in steppe-tundra or parkiand-tundra.

There is some evidence for this formation in the

North-West European pollen sequences where pollen

indicating tundra-like vegetation occurs at a number

of phases during the sequence, sometimes with evidence

of shrub-tundra or open formations rich in herbs and

heaths. These tundra-like formations are described as

park-tundra and almost certainly represent the rich

lower latitude tundra-equivalent of glacial periods.

Steppe elements apparently become more common in
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the late glacial formations, giving rise to the

steppe-tundra habitat referred to by several authors

(van der Hammen et al., 1971; Butzer, 1972;

Zeuner, 1959).

The increase in richness may perhaps have

affected the boreal forests as well, although it seems

more likely that in contrast to the classical picture

of glacial Europe being covered by vast tracts of

coniferous forest, the extent of the boreal forest in

mid-latitude Europe might have been reduced during

glacial periods: Boreal forest is found between a

northern limit beyond which trees cannot grow and a

southern limit beyond which deciduous trees enjoy

competitive superiority. Since the northern limit is

controlled largely by climate, while the southern limit

is controlled mainly by length of growing season and

hence by latitude, the effect of a glaciation would have

been to push the northern limit southwards more rapidly

than the southern one. The area occupied by the boreal

forests between these two boundaries thus decreases as

the extent of the continental ice-sheets increases.

The overall effect is to pinch out the boreal forest

belt between the tundra and the deciduous forest,

leaving only a narrow pleniglacial belt where coniferous

trees would be supported.
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There is no clear evidence either for or against

this hypothesis, but Zeuner (1959) was of the opinion

that when a glaciation was near its maximum extent,

periglacial tundra gave way to a belt of cold

steppe-tundra and thence directly to deciduous forest in

mid-latitudes. This contention relies on the fact that

in mid-latitudes, if tree growth was possible at all,

the length of the growing season would favour the growth

of deciduous trees rather than conifers. The existence

of montane belts of coniferous forest in many regions

shows that there are conditions under which conifers are

competitively superior even within the latitudes where

hardwood trees are the dominant type in lowland areas.

Deteriorating climates, which push vegetation belts

to lower latitudes, have the simulataneous effect of

pushing inontane formations to lower altitudes.

The result of this can be the spread of montane

formations into areas of much lower altitude than

those in which they are found at present.

Effects of climatic change in the Mediterranean

region can also be predicted. The foregoing discussion

makes it clear that the zone extending from

mid-latitudes to the Mediterranean would nearly

always have been the province of the deciduous forests,

at least on the evidence of growing season length.

However, the development of these forests clearly

depends on moisture availability as well, and in areas
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where there is a tendency towards a negative water

balance, deciduous forest is replaced by steppic

formations, the exact nature of which varies with the

annual level and seasonal distribution of rainfall and

temperature.

The dominant factors in northern Europe appear

to have been temperature and humidity, but in southern

Europe vegetation changes seem to have been governed by

humidity alone. The pollen record shows that during

interglacial conditions the majority of southern Europe

was forested, but during glacial periods the climate

became extremely dry, resulting in primarily steppic

habitats with local forest refuges in the montane zones.

These Mediterranean pleniglacial steppes seem to have

been extensions of the cool to cold steppe zone of

central Asia (van der Hammen et al., 1971.; Butzer, 1972;).

This is in contrast with Zeuner's opinion that deciduous

forest prevailed in the Mediterranean region throughout

glacial periods (Zeuner, 1959). It is most probable

that during a glacial-interglacial cycle dominance

passed between deciduous forest and steppe with changes

in humidity. Thus, as the climate became less humid,

the central European and Asian steppes would gradually

extend further and further west, only to recede again

with the onset of interglacials and major interstadials.

This idea is supported by a pollen sequence from Eastern

Macedonia where stadials are represented by open steppe
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vegetation. Intergiacials and major interstadials

are marked by a brief pine phase at the beginning, a

deciduous forest phase at their height and another pine

phase leading to steppe once again as the interglacial

or interstadial declines.

The situation can thus be summarized as follows:

i. Where trees are prevented from growing by climatic

severity or a short growing season, a tundra

formation is developed, or at lower latitudes a

richer tundra-equivalent such as tundra-steppe or

parkiand tundra.

ii. Where tree growth is possible, boreal forest occurs

in areas of short growing season and those areas

with the lmrsuiest winters, but is replaced l)y

deciduous forest where the growing season is longer

and deciduous trees are competitively superior.

iii. Where the growing season is sufficiently long to

allow tree growth, but the development of trees

is prevented by aridity, a steppic or xerophytic

formation develops. The exact nature of this

formation depends on the seasonality and extent of

the water shortage.

If continental Europe were a plain of uniformly

low relief, subject to a consistently ind predictably

varying climate, then the vegetational changes discussed

above would undoubtedly be of tremendous value for the
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interpretation of the fossil record, but inevitably,

there are a number of complicating factors. Firstly,

areas of high relief cause localized microclimates which

result in minor but sometimes important variations in

the vegetation of an area or region. Secondly, the

development of glacial periods is closely related to

humidity. The climate was relatively humid in the later

part of interglacial periods and the earlier part of

glacials, while it was relatively dry in the latter

parts of glacials and the earlier parts of intergiacials.

Furthermore, the effects of climatic warming seem to

start later and end earlier at higher latitudes.

Because of this, the habitats of the early and late

parts of glacials do not seem to have been identical.

For instance, steppe elements are more frequent in late

glacial open country formations, partly due to soil

conditions and partly due to lack of water. It is

also probable that the climate must have altered very

frequently even within short periods of geological time

(Frenzel, 1973) and the sequence of events associated

with the glacial-interglacial cycle seems to have been

slightly different for each of the cycles documented

in the fossil record. Each period seems to have had

its own peculiar variations on the general pattern and

although the general scheme remains correct in essence

it certainly represents a considerably simplified

account of some very complex events.
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The consequences of the various climatic changes

that have occurred in Europe are that, apart from modern

habitat types, there is also evidence for a number of

habitats and ecotones not found in the temperate region

at present, including:

Tundra-steppe; deciduous forest-tundra; mixed

forest-tundra; deciduous forest-tundra-steppe;

boreal forest-tundra-steppe; mixed forest-tundra-steppe.

4. Prediction of THI patterns for extinct habitats.

Taxonomic habitat index patterns for extinct

habitats were predicted by combining communities from

modern habitats. All possible combinations of

communities from tundra, boreal forest, deciduous

forest and steppe were used. The predicted THI patterns

for each of the extinct habitat types was obtained by

combining a community from each modern habitat involved

and then calculating the new THI profile for this

composite "community". The TI-IT patterns are calculated

at both the species and the generic levels and the

patterns obtained were then compared with those given

by the fossil faunas in table 7.2. There is reason to

believe that the faunas from non-extant habitats should

fit these predicted patterns: One of the effects of

glaciations is to push habitats into regions where their

potential productivity is increased, which encourages
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the recruitment into the community of additional species

which are most readily drawn from adjacent habitats.

This is the effect mimicked by combining communities

from different habitats. Since species richness tends

to increase with decreasing latitude, it is to be

expected that those habitats found at the highest

latitudes should be the smallest while those found at

lower latitudes are the richest. As a consequence of

this, communities from the highest latitudes have the

greatest potential for adding new species from other

habitats as they become richer, while habitats from the

lower latitudes have least scope for the addition of

species. It can therefore be predicted that fossil

faunas based on tundra communities should be the most

variable, while those based on deciduous forest

communities should show the least variability.

In the first set of figures that follow the

patterns for composite communities based on combinations

of tundra, boreal forest, deciduous forest and steppe

are described. Each figure comprises all the

combinations in which each of the four modern habitats

is involved.
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Figure 7.1. Predicted THI patterns for composite

communities based on a tundra community.

The presence of a tundra element in these composite

communties is indicated by the relatively high value in the

tundra column (Tu). In the basic tundra pattern, the tundra

and boreal forest (B) columns dominate over all the others.

In several of the composite communities other columns have

higher values than these two, but all mixed communities

containing a tundra element show a relatively high

proportion for the tundra component (usually at least 01).
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Figure 7.1.
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Figure 7.2. Predicted THI patterns for composite

communities based on a boreal forest community.

The basic boreal forest pattern has a high value in

the boreal forest column (B) and a moderately high value in

the deciduous forest column (D). This feature is common to

all composite communities which include a boreal forest

element, although in two of the mixtures containing a

deciduous forest element (boreal + deciduous forest and

boreal + deciduous forest + steppe) the deciduous forest

proportion equals or slightly exceeds that of the boreal

forest column.
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Figure 7.3. Predicted Till patterns for composite communities

based on a deciduous forest community.

The basic deciduous forest pattern for modern

communities is very distinctive and is marked by the

presence of a high value in the deciduous forest column (D).

This characteristic is found in all communities containing

a deciduous forest element. The value of the boreal forest

column (B) is similar to, or exceeds that of the deciduous

forest column in communities containing boreal forest and

tundra components. In mixtures containing steppe elements

the values of the steppe (S) and arid steppe/semidesert (A)

columns are usually similar to those of the deciduous

forest column.
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Figure 7.4. Predicted THI patterns for composite

communities based on a steppe community.

The presence of a steppic component in the composite

communities is distinguished by high values in two columns,

the steppe column (S) and the arid steppe/semidesert column

(A). This feature is explained by the fact that arid

steppe habitats have been included with semidesert for

the purposes of drawing up THI patterns. In several cases

the values in one or both these columns are exceeded by

the proportions in other columns (usually tundra, boreal

forest or deciduous forest), but in all cases the steppe

element can still be clearly distinguished.
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Figure 7.4.
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5. Till patterns for European Pleistocene faunas.

Taxonornic habitat index patterns were drawn

up for faunas from each of the fossil sites listed

in table 7.2 and these were then compared with the

predicted patterns described in the previous section.

An attempt was made to apply mathematical clustering

techniques to the faunas on the basis of their THI

patterns, but no meaningful results emerged. The reason

for this was apparently that the Till patterns contain a

considerable amount of "noise" which prevents the true

affinities of the patterns from showing themselves.

The noise occurs mainly in the form of high values in

the steppe, arid steppe/semidesert and montane columns.

This is explained either by the fact that a number of

species which were widespread during the Pleistocene

are now restricted to either steppe or montane habitats

(if they are extant species), or by the fact that species

may belong to genera or higher taxa whose weighting

includes strong steppic or montane elements (if they

are extinct species). THI patterns are based on the

way species are distributed at present, which relies on

the assumption that this adequately characterises the

distribution of the species during the past, at least

in a qualitiative sense if not in a quantitative one.

It is also assumed that the distribution of extinct

species can be reasonably approximated by averaging

the distributions of modern species contained within
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the lowest taxonomic level at which a relationship

can be determined. For the Pleistocene period this is

most frequently at the generic level. However, it is

reasonably certain that in a number of cases reliance on

these assumptions leads to quite misleading conclusions.

The taxa commonly responsible for much of the

steppic component in fossil faunas are as follows:

Species: Capra ibex, Felis sylvestris, Saiga tartarica,

Rupicapra rupicapra.

Genera:	 Erinaceus, Ochotona, Spermophilus, Cricetulus,

Pitymys, Microtus, Apodemus, Sicista, Canis,

Vulpes, Hyaena, Felis, Eguus, Saiga, Rupicapra,

Capra, Ovis.

The ibex (Capra ibex) can be cited as an

example of a species whose range seems to have been more

extensive in the past than at present. This species

was extremely common in Pleistocene communities of

continental Europe, particularly in the so-called "cold

faunas", for which it is usually regarded as being one

of the best indicators. At present, in Europe, it is

exclusively montane, inhabiting the Alps and Pyreriees,

while in central Asia it is found in areas of steppe,

arid steppe, rocky and broken ground often close to

semidesert and frequently at high altitude or on high

plateaux. The occurrence of this species in a fossil

fauna thus results in a weighting in favour of steppe,
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arid steppe and montane habitats, despite the evidence

that the ibex was formerly more widespread and may have

lived in a wider range of habitats. The contribution

of the ibex should be included because it is part of the

fauna, but the differences between its past and present

patterns of distribution mean that this contribution may

be quite misleading.

The genus Vulpes (foxes) is an example of a

simlar problem which arises at the generic level.

The red fox (Vulpes vulpes), which is common in

western Europe, is virtually ubiquitous throughout the

Palaearctic region (Corbet, 1978). In contrast, the

other five species assigned to the genus by Corbet (1978)

are generally found in areas of steppe, arid steppe and

semidesert and two species are found exclusively in arid

habitats. The THI.weighting for Vulpes vulpes is fairly

equitable across the whole habitat range (see appendix 4),

but the weighting for the genus Vulpes strongly

favours steppe and arid steppe/semidesert habitats.

Consequently, the presence of a canid referred to

Vulpes sp. or an extinct member of the genus will

transmit a strong steppe and arid habitats component

to the THI pattern. This is a potential problem in all

cases where the THI weighting of an individual species

is more equitable than that of its genus (see appendices

3 and 4).
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In some cases, for instance the genus Equus,

both problems arise. Many faunas from the European

Pleistocene contain species of the genus which have to

be weighted at the generic level, the result of which is

a high weighting in favour of steppic and arid habitats.

This is in spite of strong evidence that the western

European wild horse was a forest dweller during the

Pleistocene (Butzer, 1972; Stuart, 1982). Although this

evidence is based on faunas analysed using traditional

methods, the presence of horses in faunas which have

forest TilT patterns lends strength to this argument.

More than three-quarters of the assemblages used in this

study contain at least one equid species and it is hard

to conceive that a group which occurs so commonly could

have had such a narrow habitat preference, especially

given that so many of the faunas tend to suggest

non-steppic environments. Horses, hyaenas, foxes and

ibex together account for most of the noise in the

fossil patterns and their exclusion brings the fossil

patterns much more in line with those predicted from

modern communities.

High proportions in the montane column can also

be explained in this way. Montane regions contain a

number of habitats compressed into a small geographical

area. These vegetational belts tend to parallel

latitudinal zones, and species that are classified as

"montane" may in fact be quite habitat specific within



- 501 -

the range of montane habitats, but where there is no

precise information about their preferences they have

to be classified as montane by default. The montane

habitat is thus a "dustbin" label for species whose

habitat preferences in montane areas are undefined.

Many species now confined to montane regions were

formerly of much wider distribution, with the result

that fossil faunas commonly contain what can be a

large undefined montane component.

Fossil "noise" can thus result from two sources,

firstly from differences in the habitat distribution of

single species between modern and ancient times, and

secondly from the use of weightings assessed at the

generic or higher taxonornic levels. In interpreting

the THI patterns presented below, variability in each

group of faunas is regarded as ecological, random, or

the result of noise. High proportions in the montane

column and moderate proportions in the steppe and arid

steppe/semidesert columns have been regarded as noise,

particularly where the species and genera listed above

form part of the assemblage. In some cases the taxa

responsible have been removed and the Till pattern

re-drawn in order to clarify the affinities of the fauna.

The effects of random variation due to species loss

alone were demonstrated to be negligible in chapter 5,

thus, once the effects of noise have been taken into

account, the only remaining variation is ecological.
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Table 7.2. List of the European Pleistocene faunas analysed.

Site	 Location	 N	 Suggested habitat
	

Source

17

10

17

31

10

15

13

13

10

9

18

12

10

11

13

10

13

26

11

22

15

12

23

26

12

11

11

12

14

12

15

17

16

12

10

Willendorf

Fond-de--Foret

Ivelines Hole

Kent's Cavern

Languith Cave

Pin Hole Cave

urensan

Bau de l'ubesier

Bedheilac

Castanet (level c)

Castanet (level a)

La Chapelle aux Sainta

Culoz

La Ferrassie

Fontechevade

Forneau du Diable

Gramat

Hortus

Les Hoteaux

Isturits 6

Isturits 7

Isturits 8

Lazaret (Riss)

Lazaret (cabane)

Lirneuil

Macassargues

La madeleine

Peche de

Regordou

Rigabe

Hoc de Ilarsal

Les Hoches

Les Rois

Sorde

Teviec

ustria

Belgium

England

England

England

England

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

France

Tundra/boreal forest

Mixed forest

Tundra

Tundra/boreal forest

Mixed forest

Deciduous forest-tundra

Mixed forest

Mixed forest

Deciduous forest-tundra

Tundra-mixed forest

Tundra

Deciduous forest

Mixed forest

Boreal forest

Deciduous forest

Tundra-steppe

Deciduous forest-steppe

Deciduous forest

Boreal forest

Deciduous forest-tundra

Tundra-boreal forest

Deciduous forest-steppe

Deciduous forest

Deciduous forest

Deciduous forest

Deciduous forest

Boreal forest

Deciduous forest

Deciduous forest

Mixed forest

Deciduous forest

Tundra /boreal forest

Tundra-steppe

Deciduous forest

Deciduous forest
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Table 7.2. continued.

Site	 Location
	

N	 Suggested habitat
	

Source

Steinheim	 Germany	 10

Devil's Tower	 Gibraltar	 21

Leuca	 Italy	 9

uge	 Portugal	 12

Chulatovo	 USSR	 13

Dzhruchula	 USSR	 12

flezin	 USSR	 21

Novgorod-Severskij 	 USSR	 18

Starosel'e	 USSR	 19

Starye Duruitory	 USSR	 19

Syuren'	 USSR	 17

Veternica	 Yugoslavia	 16

Westbury-sub-(lendip	 England	 26

\Jertesszollos (bess)	 Creckoslovakia 14

Vertesszollos (marl) 	 Czeckoslovakia 16

Pontnewydd	 Wales	 19

Kirkdale Cave	 England	 16

Cresswell Caves	 England	 19

Great Doward Cave 	 England	 15

Bridged Pot Cave	 England	 11

Cough's Cave	 England	 20

Brixham Cave	 England	 21

Cow Cave	 England	 20

Happaway Cave	 England	 21

Joint flitnor	 England	 21

Tornewton Cave	 England	 39

Swanscombe (lower gravel) England	 15

Swanscombe (lower loam) England	 10

Swanscombe (u.m. gravel) England	 15

Ingress Vale	 England	 16

Clacton	 England	 11

fluxed forest

fVlediterranean
	

1,5

riediterranean

Deciduous forest

Tundra

Deciduous forest-steppe

Tundra

Tundra

Deciduous forest-tundra 1

Tundra/boreal forest 1

Tundra-steppe

fluxed forest

Tundra

Flixed forest-steppe
	

B

Fluxed forest-steppe
	

6

Tundra
	

1,2

Tundra
	

2

Tundra
	

2

Tundra
	

2

Tundra
	

2

Tundra/boreal forest
	

2

Tundra/boreal forest
	

2

Tundra
	

2

fluxed forest
	

2

Deciduous forest
	

2

Deciduous forest-tundra 2

Deciduous forest
	

1,7

Deciduous forest
	

1,7

Deciduous forest
	

1,7

Deciduous forest
	

1,7

Deciduous forest
	

7
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Table 7.2. continued.

Site
	

Location
	

N	 Suggested habitat
	

Source

Gombasek

Zlaty Kun

Chiuni

Stranska skala

Kiik Koba (level VI)

Kiik Koba (level IV)

Czeckoslovakia 30

Czeckoslovakia 39

Czeckoslovakia 31

Czeckoslovakia 18

USSR	 20

USSR	 24

Boreal forest

Boreal forest

Mixed forest-steppe

Mixed forest

Deciduous forest-steppe

Steppe

B

1,8

8

1,8

1,8

1,8

Sources: (1) Oakley et al. (1971); (2) A.P. Currant, pers. corn, and unpublished

data; (3) Campbell & Sampson (1971); (4) de Lumley (1969a); (5) Garrod et al. (1928);

(6) Kretzoi & 'Jertes (1965); (7) Sutcliffe (1964); (8) Fejfar (1961).
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Figure 7.5. Fossil faunas from tundra habitats.

Eight fossil faunas have been placed in this group, of

which the first is also included in the group shown in figure

7.6. The pattern shown by the faunas in this figure, in which

the tundra column (Tu) is highest, is found in modern tundra

communities from the most northerly latitudes, particularly those

with low species richness. This might suggest that they originate

in areas of harsh climate (see figure 4.3 and appendix 2).

An examination of the species in the fossil faunas shows

that in terms of traditional indicators, these faunas have all

the appearances of typical "cold" assemblages. They contain

arctic species such as the lemmings, Lemmus and Dicrostonyx,

the arctic fox, Alopex lagopus, and a mixture of cold-steppe

indicators such as Alactaga sp., Ochotona sp. and Marinota bobak.

All the faunas except Great IJoward and Bridged Pot contain

Eguus sp., and the apparent steppe influence in the pattern for

Chulatovo is explained by the presence of Eguus combined with

the low species richness of this fauna. It seems likely that

fauna with this THI pattern originate in tundra or open tundra

-steppe habitats which were subject to an extremely harsh

climate.
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Figure 7.5.
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Figure 7.6. Fossil faunas from tundra and boreal forest mixtures.

Twelve fossil faunas are placed in this group, of which

the first also appears in figure 7.5. The patterns range from

tundra (at Pontnewydd, Cow Cave and Aveline's Hole) to boreal

forest (at Les Hoteaux). All the patterns except the last have

important tundra elements, although the relative importance of

the boreal component gradually becomes greater through the group.

The steppe influence in the faunas from Kirkdale Cave,

Les Roches, Kent's Cavern and Starye Duritory is mainly due to

the presence of horse and hyaena, and the removal of these

species reduces the proportions in the steppe columns (S and A)

to a minimal level in all the patterns (not figured). It is

difficult to determine the habitats represented by the middle

part of the range of patterns. Despite the fact that the

dominance of the boreal forest column increases, it has to be

noted that it is only the last pattern, and that illustrated

in the next figure, that this reltively high value of the boreal

column is associated with a low value in the tundra column in

the way that is characteristic of pure boreal forest faunas.

Simulation series show that a pattern where the tundra and

deciduous forest column are equal in importance, and the boreal

column is slightly greater, can be found in simulations based

on tundra communities. This suggests that the patterns shown

in this figure range from tundra, through tundra-boreal forest

mixtures, to boreal forest at Les Hoteaux.

Two interpretations are possible: Either the habitat

sampled is forest-tundra and the relative importance of tundra

and boreal forest elements is variable through the patterns

shown, or the habitat represented is either tundra or boreal

forest, but because the potential species richness has been

increased, the community has been augmented by additional species

whose present distributions involve greater proportions of other

habitats.
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Species	 Genera

Pontnewydd N=19	 Cow Cave N=213	 Aveliries Hole N=17

hiestbury N=26
	

Kirkdale Cave N=16
	

Les Roches N=17

Kent's Cavern N=31
	

Gough's Cave N=20
	

Starye Duritory N=19

Brixham N=21
	

Willendorf N=17
	

Les Hoteaux N=11
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Figure 7.7. Fossil faunas from boreal forest habitats.

Only one fauna has clear boreal forest affinities.

Examination of the simulation series shows that there is no

resemblance to the pattern for Gombasek in any series except

that based on the boreal forest community. The pattern for

Gombasek is constructed almost exclusively at the generic level,

but the pattern is still fairly distinctive.

Given that the classical picture of glacial Europe is

one where the continent is covered by vast tracts of coniferous

forests, it seems strange that only one fauna (plus, perhaps,

Les Hoteaux from the previous figure) shows a clear boreal

forest pattern. This observation becomes even more remarkable

when it is realised that Gombasek has been correlated with the

Cromerian interglacial (or continental equivalents) by a number

of authors and would therefore normally be regarded as a warm

temperate fauna.



Boreal forest
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Figure 7.7.
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Figure 7.8. Fossil faunas from deciduous forest habitats.

Eighteen faunas have been placed in this group, which

is the most homogeous of all those presented here. The high

deciduous forest proportion is seen in all these faunas, and

only in the last two (Leuca and Devil's Tower) is the pattern

unlike that typical for deciduous forest communities. The

importance of the Mediterranean (M) element in these two faunas

is explained by their geograpgical locations near the

Mediterranean coasts of Italy and Gibraltar respectively.

"Noise" in these patterns is largely due to the presence

of the species mentioned earlier. Eguus is present at Lazaret

(both faunas), Swanscombe (all three faunas), Ingress Vale,

Hortus, Sorde, Macassargues, Peche de l'Aze, Leuca and Devil's

Tower. Capra ibex is found at Lazaret (boLh faunas), Hortus,

Sorde, Macassargues, Peche de l'Aze and Devil's Tower. Hyaena

or Crocuta are recorded from Macassargues, Peche de l'Aze,

Leuca and Devil's Tower, while Vulpes sp. is known from Teviec,

Sorde, Hortus and Muge. Once the influence of all these taxa

has been taken into account, much of the noise element disappears

and the group becomes even more homogenous.

The presence of Eguus and Capra ibex in so many faunas

whose overall appearance so strongly suggests the existence of

a deciduous forest habitat, must place doubt on the idea that

horses of the genus Eguus have always inhabited open steppe

habitats, while ibex are always to be found in "cold faunas".

Only one pattern has a significant tundra element represented

(Regordou), but neither Capra ibex nor Eguus are present at

this site. The pattern for Regordou could equally well be

placed in the tundra—deciduous forest group (figure 7.15).



Deciduous

forest
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Figure 7.8.
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Figure 7.9. Fossil faunas from mixed forest habitats.

This group consists of seven faunas which show a pattern

corresponding to a mixture of boreal and deciudous forest

communities. The significant feature of these patterns is

constituted by high values in the boreal and deciduous forest

columns (B and D). Host of the patterns have only minimal

proportions in the steppe and arid habitats columns (S and A).

The presence of Equus at Rigabe, Aurensan and Bau de l'Aubesier,

Capra ibex at Aurensan, Bau de l'Aubesier and Fond de Foret, and

hyaenas at Happaway, Rigabe and Fond de Foret, accounts for

practically all the noise in these faunas. The affinities of

all the faunas in this group seem quite clear, and it should be

noted that as long as the boreal and deciduous elements are more

or less equal in value, it does not seem to matter which of the

two is actually the greater. Comparison with the simulations of

chapter 5 shows that some of these patterns resemble those

obtained in the generic level simulation for boreal forest in

which large-bodied species were removed.
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Figure 7.9.

P1ixed forest
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Figure 7.10. Fossil faunas from tundra-mixed forest habitats.

Only one site seems to show the pattern corresponding to

the tundra-mixed forest habitat, but this fauna clearly has both

tundra and forest elements represented. It cannot be matched by

any of the simulation series based on modern habitats and it is

therefore interpreted as representing a community incorporating

components from tundra, boreal forest and deciduous forest. The

presence of one equid accounts for practically the whole of the

arid habitats column (A).
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Figure 7.10.

Ilixed forest

+ tundra
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Castanet N=9



- 517 -

Figure 7.11. Fossil faunas from steppe habitats.

The fauna from Kiik Koba (level IV) presents a clear

steppe pattern, and although it differs slightly from the steppe

profile shown earlier, it is within the range of variation

shown in the simulation series based on a modern steppe

community. It has been mentioned above that "noise" causes

considerable problems in the interpretation of faunas in which

a steppe element appears to be present. This fauna from Kiik

Koba contains equids and a hyaena, but the removal of these

species from the original pattern (figure 7.11i) gives a new

pattern (7..11ii) which is still dominated by a steppic component.

This is due to the presence of a number of species whose modern

distributions include steppe habitats. Unlike equids, these

species seem never to be found in habitats in which a strong

forest element is present, and this suggests that they can almost

certainly be taken to represent a genuine steppic influence.

The species in question include Alactaga jaculus, Cricetus

cricetus, Lagurus luteus, Marmota bobak and Vulpes corsac.

It should also be noted that this pattern appears to contain

a tundra element, although the pattern is more similar to tundra

-f deciduous forest + steppe than to the tundra + steppe pattern.

The pattern can also be compared with that for Kiik Koba level VI

(figures 7.16 and 7.17) which seems to represent a deciduous

forest-steppe community.
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Figure 7.11.

Steppe
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Figure 7.12. Fossil faunas from mixed forest-steppe habitats.

Six faunas were originally placed in this group, although

once the noise element has been taken into account, it is by no

means certain that they all represent mixed forest-steppe habitats.

Eguus is present at all these sites, together with Flyaena at

Langwith. When the contribution of Lhese species is removed,

the importance of the steppe component is reduced from the levels

shown in the first set of patterns, to that shown in the second

set.

The redrawn patterns of the first three faunas (Langwith,

Stranska skala and Steinheim) suggest that the habitat represented

at these sites was either mixed forest or biased boreal forest,

while the habitat at Fontechevade was probably deciduous forest.

Chlum and Vertesszollos both preserve a more intermediate

pattern between deciduous and mixed forest.
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Figure 7.12.
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Figure 7.13. Fossil faunas from tundra-steppe, boreal forest

-steppe and tundra-boreal forest-steppe habitats.

Seven faunas have been placed in this group, all of

which show high values in the steppe and arid steppe columns,

as well as high values in either the tundra or the boreal forest

columns. These features would suggest that the communities

from which the faunas are derived, originated in habitats that

had tundra, boreal forest and steppe influences. However, a

number of the species whose present distributions appear to be

misleading are present in these assemblages, and these have to

be removed before the THI patterns can be properly interpreted.

The redrawn patterns are shown in the next figure (figure 7.14).
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Figure 7.13.
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figure 7.14. Fossil faunas from tundra-steppe, boreal forest

-steppe and tundra-boreal forest-steppe habitats.

(Redrawn patterns).

All of the faunas in this group contain Eguus, and in

addition, Vulpes is present at Les Rois, Isturits 7 and

La Ferassie, Hyaena at Les Rois and Isturits 7, while Capra ibex

is recorded from Forneau du Diable. The presence of these

species places doubt on the steppe influence in the original

patterns, and once the effects of these species have been taken

into account, the pattern can be interpreted more satisfacorily.

After the removal of the species mentioned above, only Syuren

preserves a strong steppe influence. The other patterns appear

to preserve some steppic elements, but this is not strong in

any of them and the dominant compnent in all the profiles seems

to belong to the tundra-boreal forest tradition (see figure 7.6).
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Figure 7.14.

Tundra

+ steppe

Tu B D M S Fs I Mo

Species

Tu B D II S Fs I Mo

Genera

Boreal forest

+ steppe

Boreal forest

+ steppe

+ tundra

Syuren N=15
	

Forneau du Diable N=8
	

Les Rois N=13

Vertesszollos 1=12
	

Isturits 7 J=12
	

La Ferassie 1\l=9

La Madeleine N=1O



- 525 -

Figure 7.15. Fossil faunas from deciduous forest-tundra habitats.

This group consists of three faunas whose distinguishing

characteristics are a high value in the tundra column, followed

by ascending values in the boreal forest and deciduous forest

columns, giving the appearance of a flight of steps. Once again,

Eguus is present in all these faunas, while Vulpes sp. and Hyaena

are found in the Isturits 6 fauna, which accounts for the

particularly high proportions in the steppe and arid steppe

columns in this pattern. These species were removed and the

redrawn patterns show greater resemblance to the predicted

profiles for deciduous forest-tundra habitats. The profile for

Regordou (figure 7.8) should also be compared with those shown

here.
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Figure 7.15.
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Figure 7.16. Fossil faunas from deciduous forest-steppe and

deciduous forest-tundra-steppe habitats.

This group, which contains nine faunas, is characterised

by a "factory chimney" pattern, either with or without a

significant value in the tundra column. However, all these

faunas contain species whose contributions to the pattern are

misleading and these species have to be removed before the THI

profiles can be satisfactorily interpreted. The redrawn figures

resulting from the removal of these species are illustrated in

the next figure.
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Figure 7.16.
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Figure 7.17. Fossil faunas from deciduous forest-steppe and

deciduous forest-tundra-steppe habitats.

(Redrawn patterns).

The presence of misleading species in all these faunas

places doubt on the patterns as they appear initially. Eguus

is present in all these assemblages, with Capra ibex represented

at Bedheilac, Limeuil, La Chapelle and Roc de Narsal, while the

La CHapelle faunas also contains Hyaena. The effect of removing

these species is a strengthening of the tundra and forest

elements. All the patterns retain some vestige of a steppe

influence, but this reaches a significant level only in the

patterns for Dzuruchula, Kiik Koba (level VI) and Gramat, all

three of which seem to represent deciduous forest-steppe habitats.

Starosel'e and Bedheilac probably represent deciduous forest

-tundra, perhaps with some steppe influences. The remaining

four patterns are derived from deciudous forest habitats,

perhaps with some slight steppe influences at Isturits 8, Roc de

Marsal and Limeull.
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Figure 7.17.
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6. Conclusions.

The fossil faunas produce a variety of patterns

and although all the modern communities and the patterns

predicted from their composites have distinctive

appearances, some of the fossil patterns do not resemble

these particularly closely. However, once some of the

sources of non-ecological variation, such as species

loss and the effects of misleading species, have been

taken into account, the fossil, modern and predicted

patterns can be compared successfully. Evidence emerges

suggesting the existence of a number of habitat types

as follows:

i. Tundra.

At least 8 and perhaps as many as 12 faunas represent

tundra communities. All these are from sites that are

situated well to the south of the present tundra region.

This supports the idea that one of the effects of glacial

periods is to push habitats to lower latitudes than those

in which they are found during interglacials and inter-

stadials.

ii. Tundra-boreal forest mixtures.

There are 6 (and perhaps as many as 9) faunas which have

Till patterns suggesting a mixture of tundra and boreal

forest communities. All these faunas come from sites

which are to the south of the present tundra and boreal

forest regions. This supports the suggestion that there
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would also have been a tendency for communities to be

enriched by species from adjacent community types.

In this case it is not possible to tell what habitat

type is represented by these communities, but it is

likely that a Biotope Spectrum analysis of these faunas

would cast some light on the problem.

iii. Boreal forest.

Boreal forest communities seem to be represented by 5

faunas, all of which are from south of the present boreal

climax region. This would suggest that typical boreal

forest may not have been as widespread as is usually

indicated by traditional reconstructions. It is

possible that some of the mixed tundra-boreal forest

pattern might represent a rich lower-latitude boreal

forest equivalent, but it is also possible that boreal

forest would have been restricted in extent during

glacial periods to the very harshest areas where tundra

species would have been most readily incorporated (see

p. 488)

iv. Deciduous forest.

This is the most common habitat type, being represented

by 19 faunas. The pattern is very distinctive and, as

was suggested above (see p.488) seems to show relatively

less variability than any other. The sites represent a

wide geographical spread, but all fall within the

present deciduous climax zone. The more northerly sites

almost certainly represent interglacial or inter-stadial

periods.



- 533 -

v. Mixed forest.

This habitat is represented by 10 faunas. The sites fall

into two groups, those from mid-latitudes, which probably

supported a mid-latitude equivalent of the present mixed

forest ecotone, and a second group from montane apron

regions, which probably represent altitudinal equivalents

of the same ecotone. The possibility of time

transgressive community mixing must also be considered,

and as a consequence, the faunas showing a mixed forest

pattern cannot be properly interpreted without considering

the stratigraphy of the sites from which they have been

recovered.

vi. Mixed forest-tundra.

This habitat type is represenled by the fauna from 1

site which lies in the modern deciduous forest zone.

vii. Mixed forest-steppe.

The predicted THI pattern for mixed forest-steppe

communities is shown by three faunas from 2 sites, all

of which lie in middle-Europe in the vicinity of the

present forest-steppe region.

viii. Steppe.

Only 1 fauna appears to show the steppe pattern. This

fauna is from a site in the modern steppe climax zone.

The removal of misleading taxa from the fauna does not

affect the pattern.

ix. Tundra-steppe.

This habitat can be identified at 3 sites, 2 from the

modern deciduous zone and the third from the modern
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steppe climax zone. On the basis of the climatic and

vegetational evidence discussed above, this habitat

seems to be characteristic of periods late in a glacial

advance. The tundra-steppe habitat has in the past been

considered to be widely represented among European

glacial faunas, partly due to the widespread presence

of horses which are traditionally taken as indicators

of open steppic environments. Their occurrence in many

forest communities contradicts this traditional view and

it is also becoming clear that tundra-steppe habitats

were not as common as they are usually believed to be.

x. Deciduous forest-tundra.

The faunas from 5 sites show the distinctive deciduous

forest-tundra pattern. Four of these come from the

modern deciduous forest climax zone and the fifth from

the steppe zone. There are two possible interpretations

for this pattern: It may represent a genuine deciduous

forest-tundra habitat and thus support the contention

that deciduous forest-tundra ecotones existed at some

periods during glacial cycles (Zeuner, 1959), or

alternatively, this pattern may be the result of a

time-transgressive mixing of communities. The fauna

from one site (Isturits 6) apparently comes from a

single stratigraphic interval and would argue in favour

of the first interpretation.

xi. Deciduous forest-steppe.

The composite deciduous forest-steppe pattern is shown

by 4 faunas. Two of these originate from the modern
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deciduous forest zone and two from the steppe climax

zone. The pattern probably represents a deciduous

forest-steppe community or ecotonal community and

would be expected, according to the evidence about

forest steppe habitats in southern Europe, to occur

widely within the steppe zone and lower latitudes

of the temperate region during the course of a glacial

cycle.

It should be noted that traditional indicators

tend to give results that are consistent with those

described above. The results of traditional studies

are less precise than those using Taxonomic Habitat

Index, but sites with moderate to high numbers of

"cold" indicators often give patterns containing

a strong tundra element, while those with few cold

indicators, or a majority of "warm" indicators, usually

give a pattern that contains an important deciduous

forest element. However, the inability of traditional

methods to document non-extant habitats remains an

insurmountable problem and the enormous advantages of

THI far outweigh any lack of refinement that the method

currently suffers. It can also be shown that some taxa

traditionally used as indicators are totally misleading.

The analysis presented here is not flawless and

it is open to criticism from many angles, for instance,
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practically none of the identifications has been checked

and little account has been taken of the possibility that

assemblages may be time-transgressive and thus composed

of species that were never ecologically contemporary.

Although the taxa that are regarded as misleading were

removed, giving a better fit to the predicted patterns

in many cases, it is not impossible that other taxa have

also introduced noise, but in a form that is not so easily

identified. As far as the modern patterns are concerned,

a number of points have not been covered. The predicted

patterns were constructed using only one community from

each modern habitat type, but the precise shape of each

composite THI pattern varies slightly if different

communities for each habitat in the modern sample had

been used. No attempt has been made to construct unequal

mixtures (e.g. deciduous forest with a small steppe

element incorporated), or to test the stability of

composite communities under conditions of species loss,

although in the latter case, there is no reason to

believe that composite communities would not be as

stable as the patterns shown in the simulations in

chapter 5. However, the simulations did show that

there may be some variability in some communities which

should be taken into account when interpreting fossil

faunas.

Despite all these shortcomings, many of the

predicted patterns can be found in the fossil faunas
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analysed. This study stands as a first attempt at such

a comprehensive approach and it is encouraging that, in

spite of the lack of refinement, a measure of success is

achieved in identifying evidence for a number of habitats

(some with no modern equivalents) by analysing fossil

mammal assemblages. Furthermore, when the evidence

provided by fossil faunas is considered in the light

of other information about the climatic and palaeobotanic

history of Europe, there begins to emerge a coherent

picture of the changes that affected the palaeoecology

of Europe on a continental scale.
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Chapter 7: Summary

The question of "extinct" habitats that have no

modern equivalent was raised by the case studies in

chapter 6. This problem is addressed in more depth in

chapter 7.

Palaeoecological studies have been based in the

past on traditional indicator methods. This approach is

open to criticism and has been largely responsible for

the inadequacy of palaeoecological reconstructions in the

past. A number of criticisms are outlined, some relating

specifically to the use of indicators in European faunas

of Pleistocene age. It is concluded that traditional

indicators are unsatisfactory because of their inability

to deal with non—extant habitat types.

Evidence for the existence of habitats not present

in modern times can be found by studying the climatic and

vegetational history of Europe during the Pleistocene.

The THI patterns for communities from these habitats are

predicted by combining communities from extant habitats.

THI patterns for fossil faunas are compared with

the predicted patterns. The problem of "noise" in fossil

patterns is discussed and it is concluded that a number of

taxa are responsible, mainly because the modern distribution

of some species and genera are not representative of their

fossil relatives (for historical not ecological reasons).

Once the effects of noise have been taken into account

by removing the contributions of the misleading taxa, it

is found possible to identify a number of habitats not

represented in the modern comparative sample and others

whose modern equivalents are no longer found in the

vicinity of the fossil site.
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Chapter 8

Early Miocene habitats and palaeocommunity

structure in East Africa
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1. Introduction.

The early Miocene period in Africa has been

a subject of interest among palaeontologists for

many years. The history of research and fieldwork

is reviewed in a number of publications, most notably

LeGros Clark and Leakey (1951), Van Couvering and

Van Couvering (1976) and Andrews (1981a). During the

course of many decades a considerable amount of

information has been amassed, with the result that

the geology, geography and faunas of the early Miocene

of East Africa in particular are now reasonably well

understood.

The locations of the sites concerned and the

geological and faunal relationships between them have

been discussed in numerous places and although the

references given in this chapter are representative of

the available literature, the bibliography is by no

means exhaustive. The reader is particularly referred

to the following publications: Van Couvering and

Van Couvering (1976), Van Couvering (1980), Andrews and

Van Couvering (1975), Andrews et al. (1979), Andrews

(1981a), Bishop (1962; 1967; 1972), Maglio and Cooke

(19 ), Nesbit Evans et al. (1981), Van Couvering (1969),

Andrews (1978), Pickford and Andrews (1981) and the

British Museum (Natural History) series "Fossil Mammals

of Africa" which includes contributions by many authors.
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References for the latter can be found in Van Couvering

and Van Couvering (1976).

During the early Miocene, rifting and uplift

in East Africa was in its initial stages, and in

association with this tectonic activity a number of

volcanic centres became active. Early Miocene sites

can be divided into three groups: Eastern rift, western

rift and inter-rift. The last group contains the most

productive fossiliferous localities and nearly all of

these are associated with sediments derived from the

Miocene volcanoes which are now preserved as eroded and

dissected remnants at Elgon, Napak and Moroto in Uganda,

and at Kisingiri and Tinderet in Western Kenya (see

Andrews and Van Couvering (1975), Van Couvering and

Van Couvering (1976) and LeGros Clark and Leakey (1951)

for more detailed descriptions).

In East Africa, sediments dating from the early

Miocene have yielded a record of hominoid evolution

spanning the interval from 23 myr. to 16 myr., during

which time the mammlian faunas seem to have displayed a

remarkable stability before suffering a major taxonomic

turnover at the end of this period. Van Couvering and

Van Couvering (1976) used Simpson's Faunal Resemblance

Index (FRI) (Simpson, 1947; 1960) to analyse the

relationships between several sites of this age.

They were able to show that sites such as Karungu,
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Bukwa and Rusinga had very similar faunas despite

age differences of up to 6myr. Pickford (1981) also

calculated faunal distances in the course of setting up

a preliminary biostratigraphic framework for Western

Kenya, and his study showed that although a certain

amount of in situ evolution appears to have occurred,

some faunal groups were stable through considerable

periods of time.

Since the majority of work has been concentrated

in East Africa, most of the discussion that follows is

restricted to this region. Sites of early Miocene age

are known from North and South-West Africa, but the

faunas recovered from these areas are poor compared with

those from East Africa.

2. Palaeoecology.

Palaeoccological conclusions have traditionally

been based on the evidence of indicator species, a

practice which has continued unchallenged until

comparatively recently. There is perhaps more

justification for using indicators in this context:

The value of a number of species was assessed by Andrews

and Van Couvering (1975), who concluded that in

line with the strong demarcation between forest and

non-forest species in the modrn African biota, a number
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of taxa do indeed appear to be useful indicators of

forest conditions. The same is true for a number of

gastropods (Verdcourt, 1963) and, of course, plants

(Chesters, 1957). Despite this, the use of indicators

still has inherent drawbacks, particularly when used

in the context of a period as ancient as the Miocene.

Within the last decade, research on the Miocene

of Africa has seen the origin of most of the important

developments in mammalian palaeoecology, being the

stimulus for the development of Habitat Spectra

(Van Couvering, 1980), Taxonomic Habitat Index (Nesbit

Evans et al., 1981), Ecological Diversity (Andrews

1979) and Residual Diversity (Dreyer, this work).

The advent of these methods has done much to improve

understanding of the palaeoenvironrnents of East Africa

during the early Miocene and to cast light on major

faunal and ecological events that occurred during this

period. Ideas about Miocene environments in East Africa

have altered considerably over the years. Early comments

on palaeoecology were speculative and tended to favour

the view that habitats had always been open (non-forest)

and that vegetation patterns had always been as they are

at present in this region (see for instance, Maclnnes,

1953). Most interpretations stressed the non-forest

aspects of the faunas (Maclnnes, 1953; Whitworth, 1953;

1954; 1958) and even when certain evidence for forest

was found hard to account for, ad hoc "tree-clad jebels
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rising above the savannah" were invoked in order that

the traditional view might be preserved (Whitworth, 1958).

However, reports by workers such as Chesters (1957),

Bishop (1958; 1963; 1968), Verdcourt (1963) and Walker

(1969) lent weight to the idea that much of East Africa

must have been forested during early Miocene times.

Following detailed examination of botanical, faunal and

climatic evidence, Andrews and Van Couvering (1975)

concluded that forest and woodland were widespread

during the early Miocene and that a belt of lowland

equatorial forest probably extended across Africa from

the Congo Basin at least as far as the area of the

present-day Eastern rift and perhaps as far as the East

African coast.

Until the present time all the available

palaeoecological methods except Residual Diversity have

been used to analyse early Miocene faunas from East

Africa. The relative merits of these methods were

discussed in section I and although a number of sites

have been previously analysed using indicator methods

(see Van Couvering, 1980; Nesbit Evans et al., 1981),

it is clear that diversity methods are better suited to

dealing with faunas of Miocene age, particularly when

the faunas are from tropical latitudes. Most of the

major fossil mammal sites of the African early Miocerie

were analysed using Ecological Diversity and Residual

Diversity. The resultant Residual Diversity patterns
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are shown in figures 8.1 to 8.9. Where identifiable

patterns can be recognised, the results of the

residual diversity analysis are compared with previous

interpretations based on other palaeoecological methods

and other lines of evidence. Table 8.1. lists all the

sites analysed and the suggested interpretation of

their residual diversity patterns.

3. Site analyses.

a. Indeterminate patterns.

A number of faunas give residual diversity

patterns that do not allow the original habitat to be

identified. In most cases this seems to be the result

of communities having suffered heavy species loss

during fossilization. The patterns for the faunas

concerned are illustrated in figures 8.1 to 8.3,

but they receive no detailed discussion.
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Table 8.1: Source references:

(1) P.3. Andrews, pers. corn. and unpublished data.

(2) Andrews et al. (1981)

(3) Andrews & Pickford (1981)

(4) Bishop (1958; 1962; 1964; 1967)

(5) I1aglio & Cooke (1978)

(6) Pickford (1981)

(7) Savage & Hamilton (1973)

(8) Strorner (1926)

(9) Van Couvering & Van Couvering (1976)

(10) Walker (1968; 1969)
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Table 8.1. List of early 1'liocene niammal faunas analysed.

Site	 Location	 N	 Suggested habitat
	

Source

15

10

17

12

7

14

20

17

B

29

12

21

11

13

14

13

B

27

22

16

13

22

61

24

24

34

35

25

27

17

9

42

26

Karungu (bed 16)

Bukwa

Gumba

Loperot

Ka loma

Ilajiwa

Flaboko (pre-1973)

Maboko (surface)

Flaboko (quarry 1)

Maboko (all Levels)

Namib

South West Africa

Wadi Floghara

Rusinga (KF)

Rusinga (KG)

Rusinga (KH)

Rusinga (KB)

Rusinga (KF+KG)

Rusinga (KB+KH)

Rusinga (KG+KB)

Rusinga (R113)

Ilfwanganu

Songhor (all levels)

Songhor (bed 5)

Songhor (bed 9)

Koru (Legetet Fm.)

Koru (Kapurtay)

Napak (I)

Napak (IV)

Napak (V)

Napak (IX)

Napak (all levels)

Gebel Zelten

Kenya

Uganda

Kenya

Kenya

Kenya

Kenya

Kenya

Kenya

Kenya

Kenya

S.W. Africa

S.W. Africa

N. Africa

Kenya

Kenya

Kenya

Kenya

Kenya

Kenya

Kenya

Kenya

Kenya

Kenya

Kenya

Kenya

Kenya

Kenya

Uganda

Uganda

Uganda

Uganda

Uganda

Libya

indeterminate

indeterminate

indeterminate

indeterminate

indeterminate

indeterminate

indeterminate

indeterminate

indeterminate

indeterminate

indeterminate

indeterminate

indeterminate

forest/woodland ?

forest/woodland ?

indeterminate

forest/woodland ?

forest/woodland 7

indeterminate

forest/woodland ?

indeterminate

forest

forest

forest

forest

forest

forest

forest

forest

forest

forest

forest

non-forest

1,6,9

10

6

6,9

2

2

2

2

2

2

9,5

9

9,5

1

1

1

6

1,5

3

3

3

3

3

4

4

4

4

4

7
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Figure 8.1. Indeterminate residual diversity patterns for

faunas from East African early Miocene sites.

All the patterns in this figure appear to have suffered

vertical collapse and this, together with the fact that all

the groups in each pattern overlap on both axes, makes it

virtually impossible to interpret the original habitats of

the communities from which the fossil faunas are derived.

Although the patterns for Karungu, Bukwa and Gumba may suggest

forest environments, and those for Loperot, Kaloma, Majiwa and

Ombo might suggest non-forest, these interpretations are

little more than speculation and cannot be supported in any

objective way.
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Figure 8.2. Indeterminate residual diversity patterns for

faunas from Maboko.

The patterns shown in this figure tend to suggest

that the assemblages from Maboko are derived from a community

that probably inhabited some type of forest habitat. The

closest parallels among the simulations in chapter 5 are

found among the patterns given by forest communities when

small-bodied species are removed (see figures 5.30 and 5.32).

The closest resemblance is to the simulation based on the

forest type II community, and on the basis of this it seems

most likely (although far from certain) that the Maboko

palaeocommunity lived in some kind of seasonal forest habitat.
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Figure 8.3. Indeterminate residual diversity patterns for

faunas from Wadi Moghara and 2 south—west

African localities.

The patterns given by these three faunas give no

clear suggestion of any habitat type. In each pattern the

four habitat groups cluster closely together which makes it

impossible to interpret any information about the original

habitat.
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b. Rusinga.

The history of fieldwork at Rusinga is described

by Andrews (1981a). Fossiliferous deposits of Miocene

age were first located on Rusinga Island by E. J. Wayland

in 1927 (Andrews, 1981a) and since that time sites on

Rusinga Island have been subjected to more speculation

than any others from the Miocene of Africa, with the

possible exception of Fort Ternan.

The geology and stratigraphy of Rusinga is

extremely complex and fossiliferous deposits are

recorded at many localities on the island (for a

detailed description see, Van Couvering, 1972).

The deposits exposed on Rusinga Island are part of

the Kisingiri sequence which is also exposed at other

sites such as Mfwanganu and Karungu (see, Van Couvering

and Van Couvering, 1976). At the base of the Miocene

sequence is the lower Kiahera Formation which consists

of thick conglomerates and sandstones. Lying above

these pre-volcanic deposits are the tuffaceous horizons

of the upper Kiahera, Hiwegi and Kulu Formations in

which most of the fossils recovered from the Kisingiri

sequence have been found. The Kiahera formation is

poorly exposed on Rusinga, and the fossiliferous deposits

on the island (including those from the Kaswanga area

discussed below) lie mostly in the subaerially deposited

tuff levels of the Hiwegi Formation Van Couvering and

Van Couvering, 1976; Andrews, pers. comm.).
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Early palaeoecological interpretations of

the deposits and faunas from Rusinga tended toward

the view that a variety of conditions were represented

and that the area was not unlike that found around the

south-eastern part of Lake Victoria at the present time,

i.e. open plains and grassland with scrub and riverine

belts of trees and patchy forest in addition to swampy

conditions occurring along the lake shore (Maclnnes,

1953). These conclusions were based on the presence of

groups such as ochotonids, hyracoids and open country

ruminants. As far as the latter group is concerned,

Whitworth (1958) considered that those species of

ruminants well represented at Rusinga were generally

of plains-dwelling habit. This view agreed with his

earlier opinion that the fossil assemblage at Rusinga

was a representative savanna fauna and that in early

Miocene times Rusinga was probably an area of parkiand

and steppe (Whitworth, 1953).

This kind of interpretation was applied fairly

generally to East African early Miocene sites and it

was not challenged until Chesters (1957) published a

description of the flora from Rusinga and Mfwanganu

Islands, which she considered to form part of the same

facies. Chesters documented the presence of a number

of woodland and forest species (particularly climbers)

and concluded that the flora represented a gallery forest

habitat. Recent work by Collinson (pers. comm.) has
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suggested that the use of a combined flora from Rusinga

and Mfwanganu has been responsible for misleading

conclusions. All the strong forest indicators (such

as the climbers) in the flora used by Chesters are from

Mfwanganu, and none of the plant species from Rusinga

precludes the possibility that the habitat there was

woodland rather than forest.

Verdcourt (1963) interpreted the gastropods as

indicating a range of environments from bushland and

savanna with swampy lakes, to evergreen forest.

The origin of all these apparently conflicting

pieces of evidence was finally revealed as arising from

the mixing of faunas from localities with different

ecologies, when in 1971, Peter Andrews in collaboration

with John and Judy Van Couvering, carried out a series

of controlled excavations in the Kaswanga Point area of

the Island (Andrews and Van Couvering, 1975). Four main

excavations were conducted which were located close

together in horizontal and stratigraphic distance.

These excavations produced 3 distinct types of assemblage,

which on the basis of indicator species were subsequently

interpreted as originating in communities from waterside,

forest and woodland-bushland habitats. Further work by

the Van Couverings led to the observation that a number

of species which occur either exclusively or in greater

abundance at Rusinga than at other early Miocene sites
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such as Songhor, are suggestive of non-forest habitats.

Although a forest facies is present at Rusinga,

characteristics such as the abundance of large

herbivores (mainly browsers) tend to suggest that

non-forest habitats like woodland and bushland were also

of importance. The results of the Ecological Diversity

analyses performed by Andrews et al. (1979) were

inconclusive, although the THI spectrum for the combined

KB and KG assemblages suggest strong forest affinties

for this local fauna (Andrews and Van Couvering, 1975;

Nesbit Evans et al., 1981).

Eight assemblages were analysed in this study,

the four localities described by Andrews and

Van Couvering (1975): KB, KF, KG and KH, combined faunas

from stratigraphically adjacent levels: KF + KG, KB + KH

and KG + KB, and finally the fauna from locality R113

(Pickford, 1981) which has also yielded a gastropod

fauna with bushland affinities (Vedcourt, 1963).

The residual diversity patterns for these assemblages

are shown in figures 8.4 and 8.5 and more detailed

descriptions are given in the captions. Overall, the

patterns are not very distinctive, but they are perhaps

most similar to the forest type II group which consists

mainly of communities from seasonal forest habitats.

The difficulty in interpreting the residual diversity

patterns for Rusinga arises from the fact that none

of the faunas contains many species and the final
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Figure 8.4. Residual diversity patterns of faunas from

Rusinga Island.

The low De values of all habitat groups in all these

patterns suggests that vertical collapse (associated with

random species loss) has occurred during the formation of

the fossil assemblages. The patterns therefore have to be

compared with the simulations shown in chapter 5 in terms

of which simulations, when collapsed vertically, would give

residual diversity patterns similar to those figured here.

The closest parallels for the fossil assemblages from

localities KF, KG, KB and KH seem to among the simulations

in which large-bodied species are removed from forest

communities, particularly the series of patterns based on

a forest type II community (figure 5.32). The residual

diversity pattern for the fauna from R113 has its closest

parallel in the simulation sequence in which small-bodied

species are removed from a forest type II community.

Overall, this suggests that although the Rusinga assemblages

have probably suffered heavy species loss, the habitat

occupied by the original palaeocommunity was probably some

type of seasonal forest.
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conclusion about these assemblages must be in agreement

with those of Andrews et al. (1979) based on their

ecological diversity analysis, that although the

patterns show "a greater degree of resemblance to forest

communities than to non-forest,...the conclusion that

the faunas respresent a forest environment would be

unjustified". There remains the distinct possibility

that the faunas originated in woodland communities.

Although the closest parallels among the simulations

based on modern habitats are to be found among forest

communities from which large-bodied species have been

removed, the Rusinga patterns can also be matched to

some of the patterns in the series of simulations where

large-bodied species were removed from a woodland

-bushland community.

c. Mfwanganu.

Mfwanganu Island lies close to Rusinga Island in

the Kavirondo Gulf of Lake Victoria. Almost inevitiably,

Mfwanganu has been overshadowed by the interest shown

in its more celebrated neighbour, with the result

that it is frequently treated as a subsidiary locality.

The stratigraphic relationship between deposits on the

two islands is now fairly well understood (Van Couvering

and Van Couvering, 1976; Pickford, 1981).

The stratigraphy of Mfwanganu is discussed by Whitworth

(1961). The island forms part of the same series of

deposits that are found at Rusinga and Karungu. Rusinga
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and Mfwanganu both contain the same two fossiliferous

formations, the Kiahera Formation, and the younger

Hiwegi Formation. Whereas most of the fossiliferous

exposures on Rusinga are in the Hiwegi Formation,

the best exposed deposits on Mfwanganu belong to the

stratigraphically older Kiahera formation, where the

majority of fossil have been recovered from subaerially

deposited tuffs.

The problems caused by uncritically mixing data

from the two islands has already become apparent with

the recent reappraisal of the work of Chesters and

Whitworth (Collinson, pers. comm.; Pickford, 1981).

Chesters (1957) combined floras from both islands in

her analysis, but recent work by Collinson suggests that

while most of the species from Rusinga are consistent

with the presence of woodland, those from Mfwanganu tend

to indicate forest. The gastropods were interpreted by

Verdcourt (1963) as indicating mainly evergreen forest

although there may be some suggestion of gallery forest

and savanna conditions.

Unfortunately there has been no good

palaeoecological study carried out on the mammals from

Mfwanganu and it is interesting to note that the results

of the residual diversity analysis are in contrast to

the generally accepted view that Mfwanganu is merely a

lateral equivalent of Rusinga. The residual diversity
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Figure 8.6.
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pattern for the Mfwanganu fauna is shown in figure 8.6.

The pattern is discussed in more detail in the caption

to figure 8.6, but it is clear that the closest

resemblances are to the patterns given by modern forest

communi ties.

d. Songhor and Koru.

The similarities between Songhor and Koru

in their faunas, age, sediments and supposed

palaeoenvironmerits have long been recognised and

are now well accepted. For this reason, and because

the residual diversity patterns do not contradict the

accepted view, the two localities will be discussed

together.

Both sites are associated with the former

volcanic centre at Tinderet which was active during

the early Miocene. The history of work at these sites

is summarized in Andrews (1981a) and Van Couvering and

Van Couvering (1976). The geology and stratigraphy of

the Tinderet sequences, which have been discussed by

many authors, are described in detail by Pickford and

Andrews (1981) who give an account of the correlations

between Songhor and Koru and other exposures in the

Tinderet sequence of Western Kenya. With only a few

exceptions, the fossiliferous deposits at Sonhor and

Koru are terrestrial, and even the limestones are
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probably tuffaceous in origin and not lacustrine as

suggested by Kent (1944) and Shackleton (1951)

(Bishop, 1968; Andrews, 1981a). The fossiliferous

horizons in the Tinderet sequence are predominantly

tuffaceous, consisting largely of stratiform units

deposited by airfall from a central volcano, although

many horizons also have evidence of preburial exposure

in the form of weathering, palaeosols, rootcasts and

erosion (Pickford and Andrews, 1981).

Despite the fact that the fossil-bearing

localities at Songhor and Koru were among the first

to be discovered in East Africa, it is only recently

that systematic work has been attempted which takes

the full stratigraphic complexity of the area into

account (Pickford and Andrews, 1981). Even though

the assemblages from Songhor and Koru were recognised

as characteristically "Rusingan" faunas, differences

between faunas from the two Tinderet localities and

those from Rusinga Island itself, were identified at

an early stage. These differences were ascribed to

ecological differences by Whitworth (1958), who was of

the opinion that the environment at Songhor consisted

of tree-clad jebels rising above the savanna, supporting

a mammal fauna distinct from that of the surrounding

parkland which was the kind of habitat represented at

Rusinga. In support of this, Whitworth noted that

the ruminant species absent from Songhor, but well
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represented at Rusinga, were generally of plains

dwelling habit. Further faunal differences were

documented by Van Couvering and Van Couvering (1976)

and Andrews and Van Couvering (1975), who concluded

that the difference between the two Tinderet sites

and Rusinga implied one or a combination of temporal,

geographical or ecological separation. Unfortunately,

it has so far proved impossible to discover which of

the various alternatives is correct.

The mammalian and gastropod faunas from Songhor

and Koru have now received attention from a number of

workers, with the result that a reasonably clear idea of

the palaeoecology of the two localities has been built

up. Among the mammals a number of "good" forest

indicators are present in the faunas from both

localities and in addition, the number and variety of

rodents is similar to that of modern tropical forests

(Andrews, 1973; Andrews and Van Couvering, 1975; Nesbit

Evans etal., 1981). At Songhor, the most common

gastropod is related to a species that lives in a range

of environments, but a number of the other gastropods

have their closest affinities to forms that are now

restricted to montane forest habitats or wet lowland

evergreen forest (Andrews and Van Couvering, 1975;

Pickford and Andrews, 1981; Verdcourt, 1968; 1972).

Overall, the evidence of indicators suggests that the

environment represented is one of evergreen forest,

perhaps with affinities to modern montane forest.
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More recently faunas from these localities have

been studied using Habitat Spectra (Van Couvering, 1980;

Nesbit Evans	 j., 1981) and Ecological Diversity

(Andrews etal., 1979; Nesbit Evans etal., 1981).

The conclusions of these analyses are inevitably less

vivid than those based on indicators alone, but overall

there is no conflict between the results of Habitat

Spectra, Taxonomic Habitat Index, Ecological Diversity

and those of earlier interpretations which relied on

indicator species. The Ecological Diversity of the

Songhor fauna shows that it resembles modern forest

communities in structure and is significantly different

from non-forest communities (Andrews 	 .j., 1979;

Nesbit Evans	 1981). It was found impossible to

tell which kind of tropical forest community the Songhor

fauna resembled most closely, but the Habitat Spectrum

and Taxonomic Habitat Index both confirm that the

habitat from which the Songhor assemblage was derived

was principally tropical rain forest (Nesbit Evans

1981). The nature of this forest will be discussed

further in a later section (see p.584).

The faunas from Koru were also discussed by

Nesbit Evans et al. (1981), who distinguished three

units: The Koru Formation, the Legetet Formation and the

Kapurtay Agglomerates (the latter exposed at Chamtwara)

(see Pickford and Andrews, 1981). The assemblage from

the Koru Formation lacks any good indicators and the THI
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and Habitat Spectrum patterns show a strong woodland

component in addition to a forest component, suggesting

that the fauna was derived from a habitat more like

semi-deciduous than evergreen forest. Unfortunately,

the small number of species in the assemblage makes the

ecological diversity profile practically impossible to

interpret. The Legetet and Kapurtay assemblages are

larger (N= 37 and 39 respectively) and these two faunas

resemble each other in most respects. The Habitat

Spectra and THI patterns for each are remarkably similar

and clearly resemble the modern evergreen forest pattern,

as do the ecological diversity profiles for these two

assemblages (Nesbit Evans etal., 1981).

Overall, study of the faunas from Songhor and

Koru has shown that the palaeoecology of the two localities

is extremely similar. Nearly all the evidence obtained

from indicators, newer indicator methods and Ecological

Diversity points to the conclusion that the dominant

habitat in both areas was tropical forest. Apart from

some of the gastropods, which suggest montane affinities,

there is no evidence for what kind of forest was present.

Three assemblages from Songhor (bed 5, bed 9 and

"all levels") and two from Koru (Legetet and Kapurtay)

have been analysed here using Residual Diversity. The

patterns obtained are shown in figure 8.7 (page 571).
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Figure 8.7. Residual diversity patterns of faunas from

Songhor and Koru.

The patterns for the assemblages from beds 5 and 9

at Songhor and the Kapurtay and Legetet Formations at Koru

are all similar to that given by the fauna from Mfwanganu

(figure 8.6). It was not possible to identify the type of

forest represented at Mfwanganu, but the relative positions

of the two forest groups in the Koru and Songhor patterns

suggests that the habitat represented at these localities

was probably most similar to forest type I habitats.

The residual diversity pattern for the assemblage from all

levels at Songhor is also most similar to those given by

modern forest type I communities (see figures 5.26 and 5.31

and appendix 1).
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The positional relationships between the four habitat

groups clearly resemble the forest pattern (see figure 5,26

p.332), but displaced downwards and to the right. It is

impossible to say what kind of forest is represented,

but the similarity of all patterns leads to the

conclusion that the same forest type is represented

in all cases. The results of Residual Diversity thus

agree with the conclusions of earlier work on the

palaeoecology of Songhor and Koru. In the light of this

almost overwhelming weight of evidence, it is virtually

certain that the two areas supported tropical forest

habitats, although there is still no indication as to

exactly what type of forest is represented.

e. Napak.

Fossil mammal remains were first found in the

area of the Napak volcanics by E. J. Wayland in 1920

(Wayland 1921). In 1957, more fossils were sent to the

Uganda Geological Survey by an officer in the Department

of Agriculture, J. G. Wilson. The site was visited

later in 1957 by A. F. Trendall of the Geological

Survey and it was on his recommendation that Dr. Bill

Bishop visited the site in 1958. This visit marked the

beginning of 7 years of fieldwork in the area by Bishop

and his colleagues. A preliminary account of the fauna

and stratigraphy of one of Wilson's localities (Napak I)

was published later the same year (Bishop 1958) and

fieldwork then continued intermittently until the
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excavation of Napak IV in January and February 1965 saw

the end of Bishop's detailed work at Napak.

Except for a small part of Akisim, the western

remnant of the old Napak volcano, the main body of the

dissected remains of the Tertiary volcanic cone lies in

Karamoja District in North-East Uganda. Napak is one

of a group of alkaline volcanoes which includes Elgon,

Kadam, Moroto, and Toror (Bishop 1958). The history,

stratigraphy and petrography of the volcano are

described by King (1949). Two Nephelinite lava flows

are exposed on Akisim, which is an outlier to the main

volcanic cone. Bedded pyroclastic rocks are found

between these two flows and above the top one. Parts of

this bedded sequence are described from Napak localities

I, IV, V, and IX. The sequence consists of tuffs and

agglomerates, the tuffs in particular are notable for

their highly calcareous nature, but the agglomerates

contain much less calcium carbonate. Most of these

deposits seem to have been laid down subaerially,

although there is a further series of sediments which

consists of sands gravels and tuffs resting directly on

the underlying basement rocks. The sediments exposed at

localities II, III, VI, VII, and VIII lie in these

pre-volcanic deposits which are mainly water-laid.

The outcrop of lithologically identical strata

is almost continuous and represents the same sequence of



- 574 -

ash falls. Localities I, IV, V, and IX are all discrete

patches where bone is abundant. 	 The superimposed

fossiliferous horizons at Napak I and IV are in

virtually parallel bedded strata which show no sign

of water action. Although these localities apparently

preserve virtually contemporaneous assemblages at points

within one mile of each other, diligent searching has

failed to find fossil material eroding out on the

surface between the main fossiliferous patches.

The mammal assemblages recovered from Napak are

dominated by small—bodied mammals, a feature which is

also typical of the assemblages from other sites such

as Songhor, Koru and Mfwanganu. The remains of snakes

and lizards have also been recovered and six species of

gastropods identified. Fossil fruits are found at

certain levels, casts of leaves are common in some beds

and fossil wood and root casts are abundant on many

horizons. Previous palaeoecological interpretations of

the Napak deposits are scanty. The number of rodents

and high proportion of primates suggested to Bishop that

the environment was not unlike the present day Bufumbiro

Gorilla sanctuary, dominated by intermediate and montane

tropical forest (Bishop, 1962; 1963; 1964). This

interpretation is supported by the evidence of gastropod

and mammalian indicators. Bishop also considered that

the faunal differences between the localities at Napak

were attributable to taphonomic processes.
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Figure 8.8. Residual diversity patterns of faunas from Napak.

All the assemblages from Napak are strongly suggestive

of forest habitats. The patterns for localities IV, V and IX

all show clear resemblances to the pattern given by the

Mfwanganu fauna (figure 8.6). This pattern is most similar

to those given by modern forest communities after the loss

of large-bodied species. The pattern for the fauna from

Napak I also suggests a forest habitat, but the most similar

patterns among the simulations in chapter 5 are among the

sequences in which small-bodied species were removed from

forest communities. The assemblage consisting of the

combined faunas from all levels also has a pattern that

is clearly related to those of modern forest communities,

but it is not possible to determine exactly what type of

forest habitat is represented.
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Five assemblages from Napak were analysed in the

course of this research. These are the faunas from

localities I, IV, V and IX, and the assemblage formed by

combining the faunas from all these localities. Of the

faunas from single localities, Jhe residual diversity

pattern for locality IV is the easiest to interpret,

partly because it contains the most species.

The pattern given by this assemblage is shown in

figure 8.8 and is clearly derived from the tropical

forest pattern (see figure 5.26 p.332). The assemblage

from locality I appears to be derived from the same kind

of community. The assemblages from localities V and IX

are so small that they are near the limits of

discrimination for this method, but in spite of this,

the patterns obtained are consistent with those to be

expected from forest faunas that have suffered heavy

species loss.

It seems clear that the fossiliferous localities

I, IV, V and IX preserve faunas that are derived from

forest communities. The differences between the faunas

apparently arise from taphonomic factors affecting which

species of the community are represented in each fauna.

The pattern given by the combined assemblage from all

four localities supports the opinion that the faunas

preserved at the individual localities could all have

been derived from a single community type, most probably

tropical forest.
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f. Gebel Zelten

The Gebel Zelten lies about 200 km. south of the

Gulf of Sirte in Libya, North Africa. The gebel is

140 km. long and runs in a north west-south east

direction. Most of the fossil yielding sites are found

in the steep sided wadis that dissect the escarpments of

the gebel. The sediments were attributed to the Miocene

Marada Formation by Selley (1966), who recognised 5

major fades, each with a characteristic lithology,

environment and fauna. The rocks forming the gebel

consist largely of sandstone, sandy shales and shales

deposited in a fluvio-marine facies of the southern

part of the Sirte Basin. The facies represented include

fluviatile, inter-tidal, sub-tidal and estuarine channel

depositional environments. The plateau is capped by

an early Miocene marine sandstone. References to more

detailed discussions of the geology, stratigraphy and

environments of deposition are to be found in Harris

(1973) and Savage & Hamilton (1973).

Marine faunas are common throughout the whole of

the gebel, but plant remains are rare. Fossil wood is

ubiquitous, but this is believed by Savage to be largely

of Pleistoecene age (Savage & Hamilton, 1973). Most of

the vertebrate fossils come from unconsolidated sands

and fluviatile cross-bedded sands and shales originating

in the channels and floodplains of the fluviatile facies.

Some remains have also been recovered from the tidal
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flats fades also. The majority of vertebrates are

mammals, but there are also crocodiles, turtles, fish

and three specimens of birds. The mammals remains are

not normally articulated, but the state of preservation

is good and there is little sign of transport or rolling

before burial. Interpretation of the vertebrate fauna

by Savage and Hamilton (1973) led them to suggest an

environment consisting of a forest belt along the river

and savannah in the hinterland.

The fauna used in this study is from Savage and

Hamilton (1973). The fauna is similar in composition

to those of the same age in East Africa, although

Van Couvering and Van Couvering (1976) considered that

it contained an advanced ruminant element suggestive of

those found at later early Miocene sites such as

Maboko.

Of all the early Miocene sites analysed in this

study, only Gebel Zelten gives any clear indication of

a non-forest habitat. The pattern given by this fauna

cannot be assigned unequivocally to the woodland-bushland

tradition, but the closest affinties among the simulations

in chapter 5 are to be found in communities from

non-forest habitats.
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Figure 8.9. Residual diversity pattern of the fauna from

Cebel Zelten.

The pattern shown by the fauna from Gebel Zelten is

similar to those that result from the removal of small

species from forest type II and woodland-bushland communities

(figures 5.32 and 5.34). However, since the De values of the

woodland-bushland group are less than those of either forest

group, it seems almost certain that the habitat represented

is most similar to modern woodland-bushland.
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g. Discussion.

The evidence presented above tends to support

the suggestion that tropical forest was widespread in

East Africa during the early Miocene, while outside the

equatorial belt sites such as Cebel Zelten had more open

environments. It is unfortunate that it is impossible

to interpret the South-West African assemblages since

both Stromer and Hopwood felt that these represented

savanna or veldt conditions (Whitworth, 1954). However,

as far as the East African picture is concerned, recent

work by Pickford (1981) has enabled the biostratigraphic

relationships to be determined. When this information

is set alongside the palaeoecological evidence, there

emerges a coherent picture of the ecological changes

that occurred in East Africa during the early Miocene.

The biostratigraphically oldest faunas are those

from Koru and Mfwanganu, while Songhor and Napak are

slightly younger. All are representative of tropical

forest communities. Floral and faunal evidence from

Mfwanganu, Koru, Songhor and Napak show that tropical

forest existed at all these sites. The Rusinga faunas

are stratigraphically younger than those from Mfwanganu

(Pickford, 1981). There is no unequivocal evidence

about the environment represented at Kaswanga, but the

weight of evidence for these sites points to a more open

habitat than evergreen forest. Whatever the habitat

that was present, the mammal communities seem to have
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been influenced by an important woodland component.

It. is widely accepted that the importance of

woodland gradually increased from the end of the early

Miocene until, during the middle Miocene, it may have

been more widespread than it is now (Van Couvering, 1980).

The earliest site to show signs of an increasing

woodland element is usually thought to be Maboko, but

it is possible that the "unit-fauna" approach (Pickford,

1981) has obscured the timing of ecological changes.

It was traditionally considered that all the early

Miocene faunas were "Rusingan" and that the

post-Rusingan taxonomic turnover that occurred at

the end of the early Miocene marked the initiation of

ecological changes. it is now becoming apparent that

the early Miocene communities were not as homogenous

as they were once thought to be and that this taxonomic

turnover may in fact have been preceded by the earliest

stages of the ecological changes. The Rusinga faunas

may show the first signs of the trend towards an

increasing importance of non-forest communities.

Taxonomic changes in these communities only became

apparent once the ecological changes had tightened their

grip. Another site perhaps showing the same trend is

Karungu. This site was not discussed in detail above

because its residual diversity pattern is indeterminate,

but the fauna from Karungu is dominated by ochotonids

and macroscelidine elephant shrews, both of which show

extreme hypsodonty, suggesting adaptation for grazing
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(Oswald, 1916; Andrews et al., 1979; Nesbit Evans et al.,,

1981). Pickford (1981) correlates Karungu with the

Hiwegi Formation which would make it contemporary with

the Kaswanga sites from Rusinga, although the lack of

pyroclastic material in the fossil beds at Karungu led

the Van Couverings to suggest a correlation with the

pre-volcanic lower Kiahera formation. This correlation

would make Karungu more ancient than either Rusinga or

Mfwanganu (van Couvering and Van Couvering, 1976).

4. Community structure of African tropical forests.

It has been suggested elsewhere by the author

that early Miocene tropical forest in East Africa was

more similar in community structure to modern Central

American and South-East Asian tropical forests than to

modern African forests (Dreyer, 1980). According to the

Van Couverings (Van Couvering and Van Couvering, 1976;

Van Couvering, 1980), it is in the herbivore guild of

African communities that the most important changes have

taken place since the early Miocene, particularly in the

large terrestrial browser sub-guild. It is now possible

to examine these assertions in more detail, paying

specific attention to the diversity of herbivore classes

HF, HB, and HG in communities from Central America,

South-East Asia and Africa and fossil faunas from East

Africa.
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a. Modern tropical forests.

Figure 8.10 shows the diversity of herbivores

in communities from several modern habitats. All the

mammal communities from modern tropical forests have

very low numbers of grazing species (HG) and a variable

number of herbivore-frugiores (HF) concentrated in the

lower end of the size range (generally under 10kg. body

weight). Open country communities are distinguished by

their possession of large numbers of grazers and few

herbivore-frugivores. The main point of distinction

between African and other tropical forest communities,

lies in the number and size range of browsing species

(HB). In African communities, browsers are distributed

across the whole of the body size range, whereas Central

American and South-East Asian communities differ from

this pattern (but resemble each other) in having a

relatively small number of browsers, which fall almost

exclusively in the middle part of the body size range

(usually between 1kg. and 100kg.). A fauna consisting

of all the rainforest mammals of New Guinea was analysed

and although the total number of browsers was found to

be high (33 species), all fell in the weight range of

classes A to D. In no case is there any resemblance to

the African type of pattern with browsers distributed

across the whole of the weight range. If the diversity

of locomotor classes within the browsers is examined,

it becomes evident that the African communities contain

many more large ground adapted species than comparable
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Figure 8.10. Diversity of herbivore classes in modern

tropical communities.

The weight distributions of the ecological diversity

herbivore classes HF (herbivore-frugivores), HB (browsers)

and HG (grazers) are shown, together with the distribution

of locomotor specializations found among the browsers.

The tropical forest and woodland-bushland communities

from Africa are easily distinguished from each other on the

basis of their HF and HG classes. The forest community has

many species in the class HF and few in the HG class,

whereas woodland-bushland has few herbivore-frugivores and

many grazers, which are distributed across the whole of the

body weight range.

The south-east Asian and Central American forest

communities resemble the African forest community in the weight

distribution of the species in the class HF and the fact that

they have few (or no) grazing species. The Asian and American

communities also resemble each other in the abundance and

weight distribution of browsers, but the African forest

community does not show any similarity to the other forest

communities in this feature, and is actually most similar

to the community from woodland-bushland.

Overall, it appears that although African tropical

forest communities resemble tropical forest communities

from other parts of the world in the structure of the

herbivore-frugivore and grazer classes, the structure of

the browser guild is most similar to that found in

communities from woodland-bushland habitats,
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communities from other parts of the world. The overall

conclusion is that the African tropical forest

communities are distinguished from their counterparts

elsewhere by the fact that they show a markedly greater

exploitation of the large ground-adapted browsing

herbivore niche.

It has been pointed out by Peter Andrews (pers.

comm.) that this is partly explained taxonomically.

It is the Bovidae that are largely responsible for the

large browser class in African forrests and non-forest

habitats. This group seems to have succeeded in Africa

but not elsewhere in the world. They are known in

Middle Eastern late Miocene faunas in even greater

richness than exists at present in Africa, but they

apparently failed to exploit habitats there and

elsewhere in both the Old and New Worlds with the vigor

they have shown in Africa.

b. Miocene tropical forests.

In the light of this observation it is

interesting to examine the weight and locomotor

diversities of herbivores in a number of the fossil

faunas discussed above (see figure 8.11). Even the most

cursory glance shows that the weight distribution of

browsers in these faunas is of the type seen in modern

African forests, not of the type seen in communities

from tropical forests from other parts of the world.



- 589 -

Figure 8.11. Diversity of herbivore classes in early

Miocene fossil faunas.

The weight distributions of the three herbivore

classes HF, HB and HG, together with the locomotor diversity

of the browsers are shown, as in figure 8.10. When this

figure is compared with figure 8.10, it is clear that the

closest resemblance of the patterns for Rusinga, Songhor,

Koru, Napak and Mfwanganu is to that for modern African

tropical forest. This pattern is distinguished by relatively

large numbers of herbivore-frugivores in the lower part

of the weight range, few grazers, and browsing species

distributed across the whole of the weight range. The

locomotor diversity shows that the majority of browsers are

large ground-adapted species.

The only fossil fauna that does not show this

pattern is that from Gebel Zelten, which shows a lack

of grazing species and the distribution of browsers

characteristic of modern African forest communities, but

has no herbivore-frugivores at all. This may be due to

taphonomic causes (since few small mammals are represented),

or it may reflect an ecologically significant feature

associated with the fact that Gebel Zelten is outside the

tropics and the structure of its community may not be

directly comparable with tropical communities.

Comparison of the patterns in this figure with those

of figure 810 makes it clear that early Miocene communities

in East Africa resemble modern African communities more

closely than they resemble modern tropical forest communities

from other parts of the world. The consequences of this

conclusion are discussed in more detail in the text.
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This therefore refutes the suggestion made by Dreyer

(1980) that early Miocene African tropical forest

communities were not similar to modern African

communities, but resembled those from the American and

South-East Asian formations more closely. However, it

is also clear that although the same kind of weight

distribution is shared by modern and early Miocene

browsers in African forests, the actual number of

species involved during the early Miocene was far less

than it is now, which perhaps invalidates the idea that

modern communities are depleted in the large browser

guild compared with the early Miocene (Van Couvering,

1980).

No particularly significant trends can be

observed through the sequence of early Miocene faunas

and it is not until the middle Miocene at Fort Ternan

and Maboko that the herbivores show clear evidence of

changing conditions. Fort Ternan was regarded as the

earliest woodland dominated fauna of the African Miocene

by several authors (Van Couvering, 1980; Gentry, 1970;

Andrews	 j., 1979) and the diversity of herbivores

tends to confirm this. The restricted weight diversity

of herbivore-frugivores and increased diversity of large

browsers and grazers are both characteristics that

compare more closely with communtiies from open habitats

than those from forests.
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In evolutionary terms, the central American

and South-East Asian patterns probably represent the

primitive pattern from which the African pattern is

derived. The Asian and American communities show that

browsers are common in forests, but the presence of

large-bodied, terrestrially-adapted browsers seems to be

a purely African trait and probably represents the

woodland influence in African forests that seems to have

been established as long ago as the early Miocene and

developed with further faunal turnover during the middle

Miocene. This woodland influence, which is unique to

African communities, may be explained by the presence of

non-forest habitats at the edge of the equatorial belt,

such as that represented at Gebel Zelten, whose

herbivores are almost exclusively browsers of medium to

large body size. These adjacent non-forest habitats may

have acted as source areas for large-bodied browsers,

and the lack of similar communities in Asia and the

Neotropics could help to explain the apparently depleted

nature of this guild in those communities.

The incorporation of non-forest elements into

forest communities can be documented as early as the

beginning of the early Miocene. During this period it

is probable that tropical forest was widespread in the

equatorial belt. After the early Miocene, the landscape

in East Africa changed more rapidly towards its present

configuration and several crucial events occurred at
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about 16 myr. The African and Eurasian continental

plates rejoined at about this time and in East Africa

there was continued rifting and uplift accompanied by

the eruption of the plateau volcanics. The result was

the creation of internal drainage basins and the uplift

associated with the formation of the eastern and western

rift valleys resulted in the rift valleys themselves

being left in a rainshadow while the inter-rift region

lay in a double rainshadow. Consequently, what had been

extensive tracts of lowland evergreen forest now became

restricted to the wetter area of the Congo Basin to the

west of the western rift, while in East Africa increased

aridity and seasonality favoured the expansion of

non-forest environments. These environments increased

in importance from the end of the early tliocene onwards.

The first woodland dominated environments are known in

the middle Miocene marking the initial stages of a trend

that can be traced through successively younger deposits

right up to the present day.

The growing importance of seasonal, non-forest

environments and the apparent reorganisation of forest

community structure are almost certainly connected with

important events in the evolutionary story of the higher

primates. These are firstly, the disappearance of the

majority of the early Miocene hominoids and their

replacement by the subsequent radiation of

cercopithecoid monkeys, and secondly, the emergence of
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non-forest hominoids among whom it is generally supposed

that the early ancestor of the hominids is to be found.

The first of these events will be discussed in the

next section with particular reference to changes in

environment and community structure with which it is

associated.

5. The monkey-ape question.

a. Introduction.

Modern and early Miocene tropical forest

communities from Africa appear to have been similar in

structure and if not identical, they are at least more

closely related than either is to communities from

tropical forest formations in other parts of the world.

This structural similarity has been preserved despite

taxonomic differences between the modern and early

Miocene communities. Among the groups involved in this

taxonomic turnover were the higher primates. The Old

World higher primate fauna is dominated now by monkeys,

but during the early Miocene it was the hominoids which

were the dominant form, at least in the tropical forests.

The fact that the early Miocene hominoid fauna occupied

a place in the community now occupied by the monkeys is

evident, what is not so clear is the path of events that

led to this change.
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Traditionally, the changeover from apes to

monkeys has been seen as a case of competitive exclusion,

the early Miocene hominoids being forced into extinction

by the ecologically equivalent but competitively

superior early cercopithecines and colobines.

Simons (1970) suggested that the disappearance of the

small—bodied hominoids occurred because they failed to

compete successfully with a cercopithecine radiaton

better fitted to fruit eating. Napier (1970) suggested

that more generalized monkey stock would have been able

to spread into areas where the specialized frugivorous

apes would have been at a selective disadvantage.

Andrews (1981b), after a detailed examination of the

question, concluded that the undifferentiated

cercopithecoids showed some adaptations for leaf eating.

The colobines subsequently became highly specialized

folivores, while the less—specialized cercopithecines

returned to a more frugivorous diet, having developed a

tolerance to toxic compounds which enabled them to

consume fruit before it was ripe enough for their ape

competitors to eat. Andrews was careful to stress that

although this provided a mechanism to explain the

success of the monkeys, it by no means proved that

competition ever took place. The general concensus is

therefore that the monkeys replaced the apes by virtue

of some superiority in the exploitation of food

resources, an opinion strengthened by the fact that the

main cercopithecine radiation appears to have occurred
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simultaneously with or soon after the disappearance of

many of the known hominoid taxa of the early Miocene.

The available evidence has to be assessed

critically before any such hypothesis concerning the

actual events of the monkey-ape replacement can be

proposed. The relevant evidence concerns a number of

lines of information and also has to be examined in the

light of widespread ecological changes occuring at the

same time and affecting other parts of the forest

communities.

b. Ecological equivalence of early Miocene apes

and modern monkeys.

The ecological similarity of these two groups is

now well established, particularly at the level of

functional morphology. Certain similarities between the

early Miocene apes and the modern monkeys were noted in

the cranium of Proconsul africanus by LeGros Clark and

Leakey (1951) and in the postcrania of the same species

and those of Limnopithecus legetet by LeCros Clark and

Thomas (1951) and Napier and Davis (1959). Napier (1970)

considered that the early Miocene apes were

"functionally and ecologically monkeys" (in the sense of

modern monkeys), having the same generalized locomotor

adaptations and occupying the same forest and woodland

niches. More recent work by several authors (cited by

Andrews, 1981b) tends to confirm that the locomotor
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adaptations of the early Miocene apes were more similar

to those of modern monkeys than to those of modern apes,

which appear to be comparatively specialized.

The similarity of niche occupancy is suggested by body

size comparisons. Kay (1977) pointed out that the size

range of the early Miocene apes was similar to that of

extant cercopithecoids, a fact also indicated by Fleagle

(1978). Once again, all living African apes are

specialized in this respect.

In contrast to similarities in morphology and

the range of body sizes, the two groups are often

considered to show differences in their feeding

adaptations. The dietary adaptations of the monkeys is

the factor that is usually considered to have made them

competitively superior, because they were either more

specialized (Simons, 1970) or more generalized (Napier,

1970; Kay, 1977) than the apes, or because they

possessed a superior feeding strategy (Andrews, 1981b).

The equivalence of the two groups as a whole is

also indicated by the comparative levels of species

diversity. This subject was discussed by Andrews (1981b),

who found that the species diversity of hominoids during

the early Miocene, when it was at its greatest,

paralleled that found among living monkeys in similar

habitats. These levels of species richness are quite

different from those of the living apes.
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c. Fossil evidence.

Evidence provided by the fossil record is

essential if the history of the monkey-ape replacement

is to be unravelled. The fossil record has been used

in the past as support for the competitive exclusion

hypothesis, although critical examination of the record

shows that the evidence it provides is barely adequate

in support of any hypothesis. The fossil record is

extremely patchy, and although a pattern of general

trends is indicated, it is not sufficiently complete to

document past events with any reliability. The relevant

information has been ably summarized and discussed by

Andrews (1981b) and the reader is also referred to Simons

(1970) and Napier (1970).

Andrews (1981b) commented on the world-wide

distributions of hominoids during the Miocene and

recognised that the apparent increase in species

richness among middle Miocene hominoids is related.

to the wider geographical spread of sites from which

they are known. In discussing species diversity it

is necessary to distinguish between alpha-diversity

(within-habitat diversity) and beta-diversity

(cross-habitat diversity). It seems likely that sites

from the middle Miocene are from a variety of habitats,

which means that the species richness of the early and

middle Miocene samples is not strictly comparable since

the figures express within-habitat diversity for the
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early Miocene sites and cross-habitat diversity for

the middle Miocene sites. When analysing changes in

the structure and composition of communities it is the

within-habitat diversity that is important in the first

instance since cross habitat diversity is simply a

result of accumulated within-habitat diversities.

When this is taken into account and consideration is

limited to Africa, which is the only continent from

which early Miocene forest faunas containing hominoids

have been recovered, the following information is

provided by the fossil record:

i. Hominoids.

The record for the early Miocene shows that

hominoids were found in tropical evergreen forest and

possibly in more seasonal forests and some open habitats

as well (depending on the interpretation of Karungu and

Rusinga). They are apparently absent from non-forest

sites outside the tropical belt, although with the

exception of Gebel Zelten, the interpretation of these

sites is not certain and the samples are poor compared

with those from East Africa. 	 The rarity of hominoids

in the middle Miocene is usually taken as an indication

that the apes had suffered a recession at this time.

It is apparent that hominoids were living in woodland

dominated habitats, but since no true forest fauna is

known between early Miocene times and the present, it is

impossible to comment on the status of forest living
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hominoids at any stage during this interval. Although

it can be seen that the modern ape fauna is depleted,

there is no indication about the time when this

recession occurred or how far advanced it was by middle

and late Miocene times.

ii. Monkeys.

Monkeys are rare in the early t4iocene fossil

record. They are represented by six specimens

attributed to three species - one from Wadi Moghara,

a second from Gebel Zelten and the third from Napak.

Although the size of this sample makes it difficult

to draw conclusions, it is certain that monkeys were

living in both forested and non-forest habitats.

The cercopithecines and colobines are presumed to

have split during the middle Miocene and although more

specimens are known from sites of this age, the species

diversity of monkeys apparently did not increase until

the late Miocene at which time 10 species are known.

All of these are associated with non-forest environments.

It has to be stressed that since no fossil faunas are

known from forest environments since the early Miocene,

there is no evidence regarding the status of the monkeys

in forest environments at any time in the period between

the early Miocene and the present.
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iii. Discussion.

In discussing the replacement of early Miocene

apes by monkeys, the question at issue is one of

explaining changes in the composition of the forest

community through time. Although the general trend is

shown by the comparison of early Miocene faunas with

those from modern tropical forests, the exact course and

tempo of these changes can only be documented by a

series of forest faunas sampled throughout the period of

time concerned. Since the fossil record is extremely

patchy and the only forest faunas known seem to pre-date

and post-date the period when the most important changes

happened, it is very difficult to describe the events

that took place. Likewise, it is practically impossible

to test hypotheses about the causes of changes that are

known to have occurred.

Analysis of forest communities has shown

that African tropical forests are unique among

modern tropical forest formations by virtue of their

possession of browsing herbivores distributed across

the whole of the body size range. The earliest known

appearance of this pattern in African communities is

seen in early Miocene faunas from East Africa.

The presence of this guild of browsers is interpreted

as indicating the intrusion of a non-forest element

in these communities. This non-forest element has

increased in significance since the early Miocene
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to the extent that it now forms an important part of

modern African tropical forest communities.

Evidence from the fossil record and a cladistic

analysis by Andrews (1982) strongly suggest that the

primitive habitat preference of the Cercopithecoidea

is for savanna or woodland-savanna habitats. If this

is true, then it might suggest that the radiation of

monkeys into forest communities since Ihe early Miocene

was merely part of the general trend towards a growth in

the importance of non-forest forms in these communities.

The problem thus becomes one of explaining the general

trend as a whole. The competitive exclusion hypothesis

and the idea that the apes were actively displaced by

the monkeys may be a misleadingly narrow interpretation.

d. Alternative hypotheses.

A number of alternative hypotheses can be

proposed to explain these general trends (and the

monkey-ape question in particular), although these

await the discovery of new evidence before they can

be thoroughly tested.

1.	 The niche space in tropical forest faunas filled

by non-forest forms was vacant either because no

forest species had ever adapted to fill it or

because it was new niche space created by changing

environmental conditions.
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One of the basic tenets of approaches such as

Ecological Diversity is that a community always fills

the niche space available to it, which means that the

possibility of unexploited niche space could never arise.

Whether or not this principle is justified is not

entirely certain. As far as the creation of new niche

space is concerned, this could only result from changes

in the nature of the habitat itself. Given the fact

that from the Miocene onwards, East Africa experienced

alterations in climate and geography of such magnitude

that vegetation patterns were drastically changed, this

"new niche space hypothesis" is quite plausible.

ii	 Competition between species adapted to non-forest

environments and those adapted to forest habitats

found the non-forest species competitively superior

and these better adapted species evicted the

original tenants of the forest niche space.

This is the competitive exclusion hypothesis

which suggests that species adapted to non-forest

conditions were also better adapted to forest

environments than many of the original forest species.

It is likely that in this case competition gradually

became more prevalent as the importance of non-forest

environments increased. Andrews (1981) has proposed a

mechanism by which the monkeys may have been

competitively superior to the apes. Such competitive
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superiority does not imply better adaptations however.

In addition, it has been accepted thai the replacement

of apes by monkeys was at the group level. Since the

monkeys were part of a large, intrusive non-forest group

of species, there is no necessity for the monkeys to

individually be the exact equivalents of the apes,

capable of occupying exactly the same niches. As long

as the replacement is complete at the group level the

competitive exclusion hypothesis can be supported.

iii. The non-forest radiation occupied niche space that

had become vacant because environmental changes had

eliminated the original occupants.

The extant flora and fauna of tropical

rainforest in Africa is known to be depleted and this

is usually attributed to the reduction of the forest

into essentially relic islands during the Pleistocene

(Van Couvering and Van Couvering, 1976). It is almost

certain, however, that the dramatic change in topography,

geography and climate that affected East Africa from

Miocene times onwards must have had an effect on the

forests much earlier than the Pleistocene period.

If these changes caused the forest flora and fauna to

become depleted, then niche space would have become

available and it is perfectly conceivable that this

space could be filled by the radiation of species into

forest communities from non-forest habitats without the

two groups ever coming into direct competition.
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e. Discussion.

These three hypotheses cannot be thoroughly

tested until our knowledge of the fossil record becomes

more complete. A further possibility is that a

combination of all three causes actually applied

in practice. What is clear, however, is that the

replacemnt of early Miocene apes by a radiation of

monkeys has to be viewed in the wider context of a

generalized trend towards an increasing incorporation of

non-forest species into forest communities. Secondly,

there is no necessary reason why direct competition

should ever have been involved and there is no evidence

in the fossil record to suggest that such competition

did occur. Thirdly, since the radiation of the monkeys

was part of a general trend, it has to be considered

possible that part of the niche space formerly occupied

by the early Miocene hominoids, was adopted by species

other than monkeys and that the ecological replacement

was not simply a swop of monkeys for apes within the

higher primate part of forest faunas.
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Chapter 8: Summary

Chapter 8 shows how diversity methods can be used

to reconstruct palaeoenvironments, and also how evolutionary

changes affecting particular taxonomic groups can be

analysed in terms of changes in the ecology and structure

of whole communities.

The geological, faunal and biostratigraphic relations

of the East African early Nliocene have been discussed by

numerous authors and are now reasonably well understood.

In the past, palaeoecological studies have used only

indicator methods, but this area of study has provided the

stimulus for the development of many of the better methods

described in section I.

A number of fossil faunas were analysed using

Residual Diversity and the patterns for many of these

allowed the original habitat of the palaeocommunity to be

identified. The results of this analysis were also

compared with interpretations based on other methods.

It is concluded that tropical forest was widespread in

East Africa during the early Miocene. Further analysis

shows that modern African tropical forests are unique

among forests from tropical regions in the structure of

the browser guild. Early Miocene East African tropical

forests are similar to modern African forests in this

respect and it is suggested that this feature is related

to a woodland influence in African forests that can be

traced back as far as the early Miocene. These early

ecological changes probably preceeded the later taxonomic

changes that can be documented from the fossil record

at the end of the early Miocene. It is also suggested

that the replacement of early Miocene hominoids by the

radiation of cercopithecines was one aspect of this trend

towards an increasing importance of non-forest elements

in African forest communities.
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Chapter 9

Conclusions
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It has been possible to show that neo-ecology

and palaeoecology are both concerned with the same

relations between organisms and their environments, but

they are distinguished by reason of the differences in

the nature of the data available. In comparison with

modern ecology, palaeoecological data are extremely

poor and most modern ecologists would never attempt to

analyse the data available to palaeoecologists.

This means that while palaeoecology and neo-ecology are

founded on the same principles, the methods of analysis

utilized by palaeoecologists are of necessity less

precise and less exacting than those of modern ecology.

Species, populations and communities all tend to

be distributed non-randomly with respect to environmental

conditions, and palaeoecology relies on the contention

that distributions would have been similarly non-random

in the past. Modern ecology can thus make its most

pertinent contribution in the study of distribution and

the explanation of factors responsible for various

patterns of species, population and community

distributions. Perhaps influenced by Darwinian

approaches, palaeoecology takes the relationship between

organisms and the environment to be one that involves

adaptation on the part of the organism, its populations,

or the community of which it is a part, and relies on

the ability of various methods to infer or identify

traces of these adaptive relations in fossil assemblages.
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Palaeoecological methods work by inferring past

distributions from the evidence of modern distributions.

There are two principle ways in which this inference

can be made: either from taxonomic identity, where the

distribution of a fossil taxon is inferred from the

distribution of living relatives, or inference by

structure, where a consistent relationship between the

environment and a particular adaptive specializaLion

(of the species, population or community) can be

demonstrated, and it is considered that a similar

relationship existed in the past. This division gives

one means of distinguishing between two of the three

principle approaches to mammal palaeoecology, and an

extensive comparison was carried out in chapter 3

between indicator methods, which tend to use inference

by identity, concentrating on distributions at the level

of individual species, and diversity methods, which use

inference by structure, normally at the community level.

Through a detailed consideration of indicator

and diversity methods it was possible to conclude that

indicator methods are not affected by taphonomic or

artificial species loss and are therefore ideally suited

to the analysis of biased faunas, particularly where

only presence/absence data are available. However,

indicator methods become less reliable as the closeness

of taxonomic relationships decrease and they are

consequently more suited to recent than to ancient
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faunas. Conversely, because diversity methods

concentrate on structures that are related to

characteristics of the environment, they are unaffected

by geological age (provided that the principle of

ecological uniformitarianism holds good). However,

since the incomplete nature of the fossil record tends

to mask adaptive structures, the effects of species loss

have to be taken into account when using diversity

methods. Indicator and diversity methods between them

thus provide a means of analysing practically any fossil

assemblage, whatever the age or state of preservation

(with the exception of the most ancient and poorly

preserved faunas).

In cases where both approaches can be applied,

the results of each palaeoecological method tends to be

slightly different, largely because each method draws

on different information and makes different assumptions

about the species comprising the fauna. The case

studies of Lazaret and Westbury-sub-Mendip demonstrated

this point clearly and also highlighted the importance

of using methods that can deal with non-extant habitat

types. By the careful use of such methods it is possible

to draw on the information given by mammal faunas to

help build a coherent picture of biological and

ecological changes on a regional or even a continental

scale. Similarly, where changes in the distribution

(including radiation and extinction) of particular taxa
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or lineages are the subject of study, it is important

that these developments should be viewed in the wider

context of the communities of which the taxa and lineages

formed a part.

Although a lot of ground has been covered in

this thesis, starting from theoretical first principles

and finishing with examples of practical applications,

the initial brief of the research was comparatively

narrow and it would not be proper to conclude the work

without discussing some wider and more general

conclusions about palaeoecology.

All the methods discussed in detail are basically

intended to be applied to the qualitative presence!

absence data supplied by mammalian faunal lists.

Population methods and some of the diversity methods

were not discussed in depth because they are not easily

applied without quantitative data. Many of the methods

that were described can also be used with quantitative

data where the importance of individual taxa, in terms

of relative abundance or minimum number of individuals,

allows the contribution of each taxon to be weighted.

The use of quantitative information has advantages and

disadvantages on theoretical grounds. While each species

carries more information, at the same time there is a

greater possibility of characteristic patterns becoming

corrupted by taphonomic factors. On a practical level,
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the use of quantitative methods would require more

controlled techniques in sampling modern communities

and excavating fossil assemblages.

With the exception of the Biotope Spectrum

analysis of the avifaunas from Lazaret, all the faunas

discussed have been mammalian. From a practical point

of view, the restriction to mammals makes sense, but

in ecological terms it may in some cases prove to be

quite arbitrary. Of all the niche space available,

only a fraction is occupied by mammals. This means that

not only is there enormous scope for the palaeoecological

use of other groups, but also that the influence of these

other groups should be taken into account. As far as

mammals are concerned, it seems likely that most

competition will come from other vertebrates and notably

from birds. The basic biological differences between

birds and mammals encourages them to exploit the

environment in different ways, with the result that

competitive relations are minimized. However, it is

likely that a certain amount of the niche space available

to mammals could also be utilized by birds and the

exact division that is struck in a given habitat may

vary slightly from place to place according to local

influences and historical events.
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Although the discussion has referred in the main

to mammalian faunas, most of the methods described

could be applied equally well to other biological

groups. The Biotope Spectrum analysis of the Lazaret

avifaunas is one illustration of this, but any group

whose taxa show some non—random distribution or

adaptive specializations at any level from individuals

to communities, can be used with the methods described

once any basic differences in the biology of the groups

have been taken into consideration. It is even possible

to use extinct groups if modern analogies can be found.

Overall, it is important to realise that

palaeoecology is essentially a practical discipline

whose primary aim is to provide contextual evidence for

the study of evolutionary relationships. Strong

theoretical foundations are necessary in order to show

what can and what cannot be achieved by palaeoecological

analyses, but the importance of remembering that methods

must work in practice cannot be overstressed. There is

every reason to believe that most methods can be used

by non—specialists, perhaps even in the field, but

particularly in these circumstances, it is essential to

draw a balance between the desire to build a vivid

picture of the environment and the soundness of the

method being used. The methods chosen must be

appropriate to the fauna being analysed. The most

inspiringly imaginative methods are often the least
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well founded and on intellectual and practical grounds,

it is usually advisable to abandon the attribute of

vividness in favour of theoretical soundness.
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Appendix 1

Ecological Diversity, Residual Diversity and

Taxonomic Habitat Index patterns of communities

in the modern tropical comparative set.
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MO/AF/014 : 63 Species
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MO/AF/016 : 66 Species
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tlO/AF/019 : 57 Species

40
	

20
	

40

N
	

N
	

N

30
	

15
	

30

20

10

U-

ABCDEF6N

WEIGHT

N
A 20 35.1
3	 7	 12.3
C 15 26.3
D	 6	 10.5
E	 4	 7.0
F 0	 0.0
6 2	 3.5
H 3	 5.3

FRHBH6CA	 HFHI

DIET

N	 Z
1	 13	 22.8

FR	 2	 3.5
HI	 12	 21.1
HG	 4	 7.0
CA	 8	 14.0
0	 4	 7.0
HF	 10	 17.5
HI	 4	 7.0

L
L6 S6 AR S AG FQ

LOCOMOTOR

N	 2
LB	 18	 31.6
SE	 20	 35.1
AR	 12	 21.1
S	 4	 7.0
AG	 3	 5.3
FO	 0	 0.0

40



20

L6 86 AR S A0 FO

LOCOMOTOR

H	 2
L6	 28	 51.9
S8 20 37.0
AR	 2	 3.7
S	 2	 3.7
A0	 2	 3.7
FO	 0	 0.0

40

N

30

40

F N 36 S

50

25

0

- 648 -

PIO/AF/020 : 54 Species
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tlO/AF/022 : 5 Species
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Appendix 2

Ecological Diversity, Residual Diversity and

Taxonoinic Habitat Index patterns of communities

in the modern temperate comparative set.
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W	 4	 9.1
HI	 4	 9.1

40

N

30

IL
LB 58 AR S Q

LOCOMOTOR

N
LB	 12	 27.3
66 20 45.5
AR	 3	 6.3
S	 3	 e.a
AU	 5	 11.4
FO	 1	 2.3

40

Del	

I)

0I
0	 Op	 tOO
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5.

/fr
0I

0	 Op	 100 Tu B 0 N S Fs A T Ma

50 -

2

25

0•
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MO/PA/013 : 43 Species

20

N

15

20

N

15

10

5

U-

A8CDEFSH

WEIGHT

N	 2
A 19	 44.2

1 9	 20.9

C	 7	 16.3

0	 5	 11.6

E 0	 0.0

F	 1	 2.3

8	 2	 4.7

H 0	 0.0

0-i

FRH3H6C0 FI

DIET

N	 2

I	 8	 18.6

FR	 0	 0.0

NB	 3	 7.0

HG	 10 23.3

CA	 13	 30.2

0	 3	 7.0

HF	 3	 7.0

III	 3	 7.0

40

N

30

L6 S AR S AG FO

LOCOMOTOR

!	 2

18	 10 23.3

Sa 20 46.5

AR	 3	 7.0

S	 4	 9.3

AG	 511.6

F0	 1	 2.3

40



20

N

15

10

IL
LESS ARS AQFO

LOCOMOTOR

N
I.E	 10	 31.3
SE	 15	 46.9
AR	 1	 3.1
S	 3	 9.4
AG	 2	 6.3
F0	 I	 3.1

0•
100
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t1O/PA/017 : 32 Species

20

N

15

20

N

15

10

5.

0-I

ABCDEFSH

WEIGHT

N	 Z
A 12	 37.5
8	 6	 18.8
C	 6	 18.8
D	 5	 15.6
E 0	 0.0
F	 1	 3.1
6 2	 6.3
H 0	 0.0

l0

5.

0J

FR HB HG CA 0 HF HI

DIET

N	 1
I	 0	 25.0
FR	 0	 0.0
H3	 3	 9.4
HG	 7	 21.9
CA	 9 28.1
0	 2	 6.3
HF	 2	 6.3
HI	 I	 3.1

50

1

25

Tu 3 0 I S F, A T No

40

0.

04W



20

N

15

LI SI AR S Al FQ

LOCOMOTOR

N	 1
LB	 9 29.0
88	 15	 48.4
AR	 1	 3.2
S	 3	 9.7
Al	 2	 6.5
FO	 1	 3.2

10

5-

Tii 8 0 Pt	 S Fs A 7 Ito

50

1

25

0
100
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10

20

N

15

5.

MO/PA/018 : 31 Species

20 i

1

ABCOEF6H

WEIGHT

N	 1
8 12	 38.7
8	 6	 19.4
C	 6	 19.4
8	 4	 12.9
E 0	 0.0
F	 1	 3.2
8 2	 6.5
H 0	 0.0

0-I
FR HBHG CAD HFHI

DIET

N	 1
1	 7	 22.6
FR	 0	 0.0
HI	 3	 9.7
4	 7 22.6
CA	 9 29.0
0	 2	 6.5
HF	 2	 6.5
III	 1	 3.2

40

I,

"if
_"F,

o	 op
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P1O/PA/019	 32 Species

20
	

20

N
	

N

15
	

15

20

N

15

1G

5.

A8CEFGH

WEIGHT

N	 I
A 11	 34.4
8	 7	 21.9
C	 6	 18.8
D	 5	 15.6
E 0	 0.0
F I	 LI
6	 2	 6.3
H 0	 0.0

I FRHBH8AO HFHI

DIET

N	 1
1	 6	 18.8

FR	 0	 0.0
H2	 4	 12.5
HG	 721.9
CA	 9 28.1
0	 2	 6.3
HF	 3	 9.4
HI	 1	 3.1

10

5.

0J

IS S6 AR S AQ FO

LOCOMOTOR

N	 1
16	 10	 31.3
SB	 16	 50.0
AR	 1	 3.1
5	 3	 9.4
AQ	 2	 6.3
FO	 0	 .0

40

0e
50



20

N

15

10

LSSEARS AQFQ

LOCOMOTOR

N	 2
16	 12	 27.9
SE	 19	 44.2
AR	 4	 9.3
3	 2	 4.7
A0	 5	 11.6
FE	 1	 2.3

4
,/

0.

01
0	 Op	 100 Tu B 0 N S F. A I Mo

50

2

25

0'
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P1O/PA/023 : 43 Species

20

I

20

N

15

10

0]

ABCDEFSH

WEIGHT

B	 2
A 18	 41.9
B 10	 23.3
C 10 23.3
0	 2	 4.7
E	 2	 4.7
F	 1	 2.3
8 0	 0.0
II	 0	 0.0

10

5.

0-i

I FR HBHG CAD HFHI

DIET

N	 2
8	 18.6

FR	 0	 0.0
H8	 4	 9.3
HQ	 8	 18.6
CA	 9 20.9
0	 5	 11.6
HF	 7	 16.3
HI	 2	 4.7

40



20

10

Oj

ABCDEFGH

WEIBHT

N	 Z
A 22	 47.8
B 11	 23.9
C	 8	 17.4
8	 3	 6.5
E	 1	 2.2
F	 1	 2.2
8 0	 0.0
H 0	 0.0

5-

1
I FRHBHBCAO HFHI

DIET

N	 Z
1	 7	 15.2

FR	 0	 0.0
Hi	 4	 8.7
HG	 11	 23.9
CA	 8	 17.4
0	 3	 6.5
HF	 10	 21.7
HI	 3	 6.5

DI

/

0-;-
0

50

z

25

-I

100op Tu 3 0 H S Fi A I 'Ia
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MO/PA/024	 46 Species

40
	

20
	

40

N
	

N
	

N

30
	

15
	

30

1L
L6 28 AR S AQ Fa

LOCOMOTOR

N
L6	 10	 21.7
S6 24 52.2
AR	 6	 13.0
2	 2	 4.3
AG	 3	 6.5
FO	 1	 2.2

40
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MO/PA/025	 51 Species

40
	

20
	

40

N
	

N
	

N

30
	

IS
	

30

20

10

U-

ABC DEFBII

WEIGHT

N	 Z
A 24	 47.1
I 14	 27.5
C	 7	 13.7
8	 4	 7.8
E 2	 3.9
F	 0	 0.0
6 0	 0.0
H 0	 0.0

10

5

0
I FR HS HG CA 0 HF HI

DIET

N
1	 8	 15.7
FR	 0	 0.0
HG	 3	 5.9
HG	 11	 21.6
CA 12 23.5
0	 4	 7.8
HF	 9	 17.6
HI	 4	 7.8

L6S6ARS ABFO

LOCOMOTOR

N	 2
LB	 10	 19.6
98 27 52.9
AR	 S	 9.8
S	 2	 3.9
AQ	 5	 9.8
FO	 2	 3.9

40



20

10 -

10

5

0-I
ABCDEF6H

WEIGHT

N	 1
A 22 46.9
I 14	 29.8
C	 7	 14.9
I	 3	 6.4
E	 1	 2.1
F	 0	 0.0
6	 0	 0.0
II	 0	 0.0

FRHIHGCAO HFHI

DIET

N	 1
1	 7	 14.9

FR	 0	 0.0
HI	 2	 4.3
H6	 12 25.5
CA	 10 21.3
0	 4	 8.5
HF	 7	 14.9
lii	 5	 10.6

	

1896	 S AQ FO

LOCOMOTOR

N	 1
	16 	 9	 19.1

96 26 55.3

	

AR	 4	 8.5
	S 	 1	 2.1

	

AO	 5	 10.6
	FO 	 2	 4.3

50

1

25

1,0

40

DI

0	
Op lu I 0 N S Fs A T No
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1lO/PA/026 : 47 Species

40
	

20
	

40

N
	

N
	

N

30
	

15
	

30



MO/PA/028 : 39 Sp.ci.s
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20

N

15

10 -

0]
ABCDEF6H

WEIGHT

N	 1
A 18	 46.2
B 12	 30.8
C	 5	 12.8
8	 3	 7.7
E	 1	 2.6
F 0	 0.0
8	 0	 0.0
H 0	 0.0

FRHBHGCAO HFHI

DIET

N	 1
1	 4	 10.3
FR	 0	 0.0
NB	 1	 2.6
HG	 16	 41.0
CA	 6	 15.4
0	 3	 7.7
I	 512.8
HI	 4	 10.3

Ii 98 AR S A FO

LOCOMOTOR

w	 z
16	 12	 30.8
96	 24	 61.5
AR	 2	 5.1
S	 0	 0.0
AQ	 0	 0.0
FO	 1	 2.6

40
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MO/PA/029 : 36 Species

20

N

15

10

5-

0-i
ABCDEFGH

WEiGHT

N	 1
A 16 44.4
8 11	 30.6
C 5	 13.9
8	 3	 8.3
E	 1	 2.8
F 0	 0.0
6 0	 0.0
H 0	 0.0

201

NI

151

10 -

0j

I FRHGHGCAO FHI

DIET

N	 1
I	 5	 13.9

FR	 0	 0.0
HG 1	 2.8
HG	 13 36.1
CA	 616.7
0	 3	 8.3
HF	 4	 11.1
HI	 4	 11.1

40

N

30

20

LB SO AR S AG FO

LOCOMOTOR

N	 1
LO	 11	 30.6
SB	 22	 61.1
AR	 2	 5.6
S	 0	 0.0
A0	 0	 0.0
FO	 1	 2.8

40

DI

h
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0	 lIp
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1

A
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-	 0-
100
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20

N

15

10

5.

MO/PA/042 : 26 Species

20

N

15

10 -

ASCDEFGH

WEIGHT

N	 I
A 12	 46.2
9	 4	 15.4
C	 6	 23.1
9	 2	 7.7
E	 1	 3.8
F	 1	 3.8
S 0	 0.0
H 0	 0.0

5

O-j

FRHIHGCAO FI

DIET

N	 1
£	 0	 0.0

FR	 0	 0.0
HI	 2	 7.7
HO	 34.6
CA	 8 30.8
0	 4	 15.4
HF	 1	 3.8
HI	 2	 7.7

L
LOSS AR S ,;o FO

LOCOMOTOR

'I	 1
LO	 15	 57.7
SO	 tO 38.5
AR	 0	 0.0
S	 0	 0.0
AS	 0	 0.0
FO	 1	 3.8



LB SB AR S AG FQ

LOCOMOTOR

N	 2
LB	 13	 43.3
56	 14	 46.7
AR	 0	 0.0
S	 1	 3.3
AG	 1	 3.3
FO	 1	 3.3

10

5,

Dp	 100

Dl

40

0
0 Tu 8 8 N S Fs A I o

30

2

25
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MO/PA/047	 30 Species

20
	

20
	

20

N
	

N
	

N

15
	

15
	

IS

10

5.

0-i
A8CDEFGH

WEIGHT

N	 2
A 11	 36.7
8 8 26.7
C	 4	 13.3
8	 4	 13.3
E 2	 6.7
F	 1	 3.3
8	 0	 0.0
H 0	 0.0

10

5.

U-

I FRHDHGCAQ HFHI

DIET

N	 2
1	 0	 0.0

FR	 0	 0.0
KI	 3 10.0
HG 10 33.3
CA	 7 23.3
0	 3	 10.0
HF	 310.0
HI	 4	 13.3
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O/PA/O49 : 24 Sp.cies

20
	

20
	

20

N
	

N
	

N

15
	

15
	

15 -

10
	

10

ABCDEF6H

WEIGHT

	

N	 Z
A 8 33.3
8 6 25.0
C	 3	 12.5

	

8 5	 20.8

	

E 2	 8.3

	

F 0	 0.0

	

8 0	 0.0

	

H 0	 0.0

I FRHBH8CAO HFHI

DIET

N	 1
I	 0	 0.0
FR	 0	 0.0
HI	 1	 4.2
H6	 7 2.2
CA	 6 25.0
0	 2	 8.3
HF	 5 20.8
HI	 3	 12.5

16 S6 AR S A0 FO

LOCOMOTOR

N	 1
LI	 11	 45.8
SI 12 50.0
AR	 0	 0.0
S	 0	 0.0
AR 0 0.0
FO	 1	 4.2
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P1O/PA/051 : 29 Species

20
	

20
	

20

N
	

N
	

N

15
	

15
	

Is

10

s-i

0]

ABCDEFGH

WEIGHT

N	 1
4	 7 25.0
I	 4	 14.3
C	 6	 21.4
0	 6	 21.4
E	 4	 14.3
F	 1	 3.6
6 0	 0.0
II	 0	 0.0

10

5.

0.J

FRHIHGCAO HFHI

DIET

N	 1
1	 0	 0.0

FR	 0	 0.0
HI	 3	 10.7
HG	 5	 17.9
CA	 10 35.7
0	 2	 7.1
HF	 3	 10.7
HI	 5	 17.9

Lb Sb AR S 40 Fl)

LOCOMOTOR

N	 1
LB	 13	 46.4
Sb	 12	 42.9
AR	 0	 .0
S	 I	 3.6
40	 1	 3.6
Fl)	 1	 3.6
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Appendix 3

THI weightings and Ecological Diversity classes

of Palaearctic mammal species.
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H'	 Tu B	 D	 K	 S	 Fs A	 T	 Mo	 W	 D	 LSpecies

Insectivora

Erinaceus europaeus

Erinaceus algirus

Erinaceus sp.

Hemiechinus auritus

Hemiechinus dauuricus

Heiniechinus sp.

Paraechinus aethiopicus

Paraechinus hypomelas

Paraechinus micropus

Paraechinus sp.

Sorex minutissimus

Sorex minutus

Sorex gracillimus

Sorex caecutiens

Sorex araneus

Sorex raddei

Sorex caucasicus

Sorex granarius

asper

Sorex vir

Sorex sinalis

Sorex arcticus

Sorex cinereus

Sorex hosonoi

Sorex unguiculatus

Sorex daphaenodon

Sorex buchariensis

Sorex rnirabilis

Sorex alpinus

Sorex cylindricauda

Sorex bedfordiae

Soriculus hypsibius

Neomys fodiens

Neornvs anomalus

Neomys schelkovnikovi

Neom ys sp.

larinel1a quadricsudata

1 • 36	 -	 -	 5	 • 1	 • 1	 • 2	 -	 -

061	 -	 -	 3 -	 -	 -	 7 -	 -

141	 -	 -	 4	 05	 05	 1	 35 -	 •O5

056	 -	 -	 -	 -	 •25 -	 •75 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

038	 -	 -	 -	 -	 •125 -	 875 -	 -

0 ' 0	 -	 -	 -	 -	 -	 -	 1 •0 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 1 •0 -	 -

0 • 33	 -	 -	 -	 -	 •1	 -	 9	 -	 -

O • 13	 -	 -	 -	 -	 O3 -	 97 -	 -

1 • 23	 .1	 •6	 1	 -	 •1	 . 1	 -	 -	 -

138	 .3	 . 3	 3	 • 05 -	 -	 -	 -	 05

069	 -	 .5	 . 5	 -	 -	 -	 -	 -	 -

142	 .3	 .4	 1	 -	 -	 .1	 -	 -

175	 2	 • 2	 • 2	 2	 -	 -	 -	 •1

O94 -	-	 -	 -	 .5	 . 4	 -	 -	 •1

094	 -	 -	 -	 -	 5	 •4	 -	 -

0 • 0	 -	 -	 1 • 0	 -	 -	 -	 -	 -

0 • 0	 -	 -	 -	 -	 -	 1 • 0	 -	 -

064	 •l	 8	 -	 -	 -	 •1	 -	 -	 -

O94 -	.7	 • 1	 -	 -	 -	 -

101	 .4	 . 5	 -	 05	 05 -	 -	 -

O • 69	 •5	 .5	 -	 -	 -	 -	 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 -	 -	 1•0

1 • 03	 -	 .3	 . 5	 -	 -	 -	 -	 -

1 • 22	 -	 -	 .5	 2	 -	 1	 • 2	 -	 -

O67 -	-	 -	 -	 .4	 -	 -	 -

0 • 0	 -	 -	 10 -	 -	 -	 -	 -	 -

00	 -	 -	 -	 -	 -	 -	 -	 - 1•0

00	 -	 -	 -	 -	 -	 -	 -	 - 10

0 • 0	 -	 -	 -	 -	 -	 -	 -	 -	 10

19	 09 • 26 • 14	 06 • 08	 O7 . 05 -	 •25

0 • 0	 -	 -	 -	 -	 -	 -	 -	 -	 1•0

1 • 61	 2	 2	 2	 -	 -	 -	 -

067	 -	 -	 .4 -	 -	 -	 -	 -

067	 -	 -	 .4 -	 -	 -	 -	 -

1 • 28	 •07	 07 . 33 -	 -	 07 -	 -	 46

0 • 0	 -	 -	 -	 -	 -	 -	 -	 -	 1•0

B	 HI	 SC

B	 HI	 SC

B	 HI	 SC

B	 HI	 SC

B	 HI	 SC

B	 HI	 SC

B	 HI	 SC

A	 I	 SG

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SG

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 AQ

A	 I	 AQ

A	 I	 AQ

A	 I	 SC
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Species

Crocidura lusitania

Crocidura sauvolens

Crocidura russala

Crocidura dsinezunii

Crocidura leucodon

Crocidura sibirica

Crocidura pergrisea

Crocidura zarudnyi

Crocidura lasiura

Crocidura lasia

Crocidura sp.

Suncus nur1nus

Suncus etruscus

Suncus sp.

Diplomesodon puichellum

Chimsiarogale himalayica

Desmana noschata

Galern y s pyrenaica

europaea

romana

caucasica

Tal pa caeca

Id.!.2 altaica

IL mizura

Ij:.2! wogura

_______
moschata

Idi

Urotrichus talpoides

Urotrichus pilirostris

Urotrichus sp.

Scapanulus oweni

Elephantulus roseti

H'	 Tu B	 D	 M	 S	 Fs A	 T	 Mo

0 ' O	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

131	 -	 -	 .3	 • 1	 3	 3	 -	 -	 -

069	 -	 -	 .5	 . 5	 -	 -	 -	 -	 -

o • 67	 -	 -	 •6	 -	 -	 -	 -	 -

1 • 09	 -	 -	 • 6	 1	 • 2	 -	 -	 -	 •1

1 • 10	 -	 -	 -	 -	 .33 . 33 . 33 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 -	 -	 1•0

0 • 5	 -	 -	 -	 -	 -	 -	 -

0 • 0	 -	 -	 1 • 0	 -	 -	 -	 -	 -	 -

0 • 0	 -	 -	 -	 1 • 0 -	 -	 -	 -	 -

168	 -	 -	 .3	 18	 1	 06	 2	 -	 16

0 • 0	 -	 -	 -	 -	 -	 -	 -	 1 • 0	 -

0 • 95	 -	 -	 -	 6	 • 2	 -	 •2	 -	 -

117	 -	 -	 -	 .3	 • 1	 -	 •1	 . 5	 -

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 -	 - 10

0 • 69	 -	 .5	 -	 -	 .5	 -	 -	 -	 -

069	 -	 -	 -	 .5	 -	 -	 -	 -	 .5

136	 -	 •2	 5	 J	 1	 1	 -	 -	 -

0 • 0	 -	 -	 -	 1 • 0 -	 -	 -	 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 -	 -	 1•0

090	 -	 -	 -	 6	 • 1	 -	 -	 -

O•50	 -	 -	 -	 -	 -	 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 -	 -	 1•0

0 • 0	 -	 -	 -	 -	 -	 -	 -	 -	 1•0

0 • 0	 -	 -	 1 • 0	 -	 -	 -	 -	 -	 -

0 ' 0	 -	 - 10 -	 -	 -	 -	 -	 -

1 • 47	 -	 11	 28	 19	 02 . 03 -	 -	 •37

069	 -	 -	 .5	 -	 .5	 -	 -	 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 -	 -	 1•0

104	 -	 -	 25—	 25—	 -	 -	 .5

061	 -	 -	 7 -	 -	 -	 -	 -	 .3

069	 -	 -	 -	 .5	 -	 -	 .5	 -	 -

W	 D	 L

A	 I	 SC

A	 I	 SG

A	 I	 SC

A	 I	 SG

A	 I	 SC

A	 I	 SC

A	 I	 SG

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SG

A	 I	 SC

A	 CA	 SC

A	 I	 AQ

B	 I	 AQ

A	 I	 AQ

A	 I	 FO

A	 I	 FO

A	 I	 FO

A	 I	 FO

A	 I	 FO

A	 I	 FO

A	 I	 FO

A	 I	 FO

A	 I	 FO

A	 I	 FO

A	 I	 FO

A	 I	 FO

A	 I	 SC



0•0

082

0•69

0•0

061

109

0•69

069

095

0'69

069

1 07

05

1 '08

1 •31

1 66

1 •36

061

0•0

095

0•0

0•61

1'98

067
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Species
	

U'	 Tu B	 D	 M	 S	 Fs A	 T	 Mo
	

W	 D	 L

Prolagus sardus

Ochotona pusilla

Ochotona thibetana

Ochotona thomasi

Ochotona rovlei

Ochotona rutila

Ochotona ervthrotis

Ochotona kamensis

Ochotona daurica

Ochotona curzoniae

Ochotona ladacensis

Ochotona pallasi

Ochotona rufescens

Ochotona alpina

Ochotona sp.

capensis

tirnidus

L.2! oiostolus

L.2A sinensis

brachvurus

tnandshuricus

yarkandensis

Or yctolagus cuniculus

-	 -	 -	 1 •0 -	 -	 -	 -	 -

-	 -	 -	 -	 7	 • 15 • 15 -	 -

-	 -	 -	 -	 .5	 -	 -	 -	 .5

-	 -	 -	 -	 1 •0 -	 -	 -	 -

-	 -	 -	 -	 .7	 -	 -	 -	 .3

-	 -	 -	 -	 .3	 -	 .4	 -	 .3

-	 -	 -	 -	 .5	 -	 -	 -	 .5

-	 -	 -	 -	 .5 -	 -	 -	 .5

-	 2	 -	 -	 •2	 • 6	 -	 -	 -

-	 -	 -	 -	 .5	 -	 -	 -	 .5

-	 -	 -	 -	 .5	 -	 -	 -	 .5

-	 -	 -	 -	 •25 .3	 • 45 -	 -

-	 -	 -	 -	 .3	 -	 -	 -	 •2

	

25 '35 -	 -	 -	 -	 -	 -	 .4

	

02 04 -	 -	 5	 • 08 08 -	 28

-	 '05 .3	 • 15	 15	 1	 • 25 -	 -

. 35	 35 • 05 -	 -	 05 -	 -

-	 -	 -	 -	 .7	 -	 -	 -	 .3

-	 -	 -	 -	 -	 -	 1 • 0 -

-	 '2	 • 6	 -	 -	 -	 -	 -	 •2

-	 1'O -	 -	 -	 -	 -	 -	 -

-	 -	 -	 -	 .3	 -	 .7	 -	 -

05	 24	 14 • 02	 16	 02 '13 • 14 •1

-	 -	 6	 4 -	 -	 -	 -	 -

B	 HG	 LG

B	 HG	 SG

B	 HG	 SC

B	 HG	 SG

B	 HG	 SG

B	 HG	 SG

B	 HG	 SG

B	 HG	 SG

B	 HG	 SC

B	 HG	 SG

B	 HG	 SG

B	 HG	 SG

B	 HG	 SC

B	 HG	 SC

C	 HG	 LG

C	 HG	 LC

C	 HG	 LG

C	 HG	 LC

C	 HG	 LG

C	 HG	 LG

C	 HG	 LG

C	 HG	 LG
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Species
	

H'	 Tu	 B	 D	 M	 S	 FaA	 I	 Mo	 W	 D	 I..

Rodentia

Sciurus vulgaris	 119

Sciurus us	 094

Sciurus anomalus	 110

Sciurus carolinensis	 00

Sciurus sp.	 140

Callosciurus flavimanus	 00

Callosciurus swinhoei	 069

Callosciurus sp.	 056

Sciurotamias davidianus	 0•0

Atlantoxerus getulus	 033

Xerus er y thropus	 067

Spermophilopsis leptodact y lus 00

Marmota marrnota	 00

Marmota camshatica	 05

Marmota menzbieri 	 00

Marmota bobak	 067

Marmota caudata	 05

Marmota sp.	 086

Spermophilus citellus	 105

Spermophilus dauricus	 105

Spermophilus suslicus	 O69

Spermophilus pygmaeus	 069

Spermophilus	 105

Spermophilus relictus	 00

Spermophilus undulatus	 O69

Spermophilus parryi	 105

Spermophilus fulvus	 00

Spermophilus sp.	 175

Tamias sibiricus	 08

Petaurista leucogenys	 103

Pteromys volans	 08

Pteromys nornonga	 1•03

Pteronys sp.	 101

Aeretes melanopterus	 00

Trogopterus xanthipes	 00

-	 .4	 . 4	 '1	 -	 .1	 -	 -	 -	 B	 HF	 S

-	 .4	 .5	 -	 -	 -	 -	 -	 .1	 B	 HF	 S
-	 -	 -	 .33	 .33	 -	 •33	 B	 HF	 S
-	 - 10 -	 -	 -	 -	 -	 -	 B	 HF	 S

-	 2	 • 47 • 11 -	 •11 -	 -	 .11

-	 -	 -	 -	 -	 -	 -	 1 • 0 -	 B	 HB	 S
-	 -	 -	 -	 -	 -	 -	 .5	 .5

	
B	 HB	 S

-	 -	 -	 -	 -	 -	 -	 .75 •25

-	 -	 -	 -	 -	 -	 -	 -	 1•0
	

B	 HF	 SG

-	 -	 -	 •1	 -	 -	 .9	 -	 -	 B	 HF	 SC

-	 -	 -	 -	 •6 -	 .4 -	 -	 B	 HF	 S

-	 -	 -	 -	 -	 - 1 • 0 -	 -	 B	 HF	 SC

-	 -	 -	 -	 -	 -	 -	 -	 1•0
	

C	 HB	 SC

-	 -	 -	 -	 -	 -	 -	 C	 HB	 SC
-	 -	 -	 -	 -	 -	 -	 -	 1•0

	
C	 HB	 SC

-	 -	 -	 -	 -	 .4 -	 -	 C	 HB	 SC
-	 -	 -	 -	 -	 -	 -	 8

	
C	 HB	 SC

-	 04 -	 -	 16 -	 •08 -	 72

-	 -	 -	 •4 -	 .4 -	 -	 B	 HF	 SG
-	 -	 -	 •4 -	 •4 -	 -	 B	 HF	 SC

-	 .5 -	 -	 -	 .5 -	 -	 -	 B	 HF	 SC
-	 -	 -	 -	 .5 -	 .5 -	 -	 B	 HF	 SC
-	 -	 -	 -	 4	 4	 2 -	 -

	 B	 HF	 SC
-	 -	 -	 -	 -	 -	 -	 - 1•0

	
B	 HF	 SG

-	 -	 -	 -	 -	 .5 -	 -	 .5
	

B	 HF	 SC

4	 •2 -	 -	 -	 -	 -	 -	 .4
	

B	 HF	 SC
-	 -	 -	 -	 -	 -	 1 • 0 -	 -	 B	 HF	 SG

• 04 • 08	 04 -	 •19 • 16 • 28 -	 •21

-	 .75 • 05 -	 -	 •15 -	 -	 05
	

B	 HI	 S

-	 2	 .5 -	 -	 -	 -	 -	 .3
	

C	 HF	 AR

-	 .7	 1	 -	 -	 -	 -	 -	 B	 HF	 AR

-	 2	 .5 -	 -	 -	 -	 -	 .3
	

B	 HF	 AR

-	 .45 • 3	 -	 -	 -	 -	 15

-	 - 1 •0 -	 -	 -	 -	 -	 -	 C	 HF	 AR

-	 -	 -	 -	 -	 -	 -	 - 1•0
	

B	 HI	 AR
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Species

Castor fiber

Calomyscus bailuardi

Phodopus sungorus

Phodopus roborovskii

Phodopus sp.

Cricetus cricetus

Cricetulus migratorius

Cricetulus barabensis

Cricetulus longicaudatus

Cricetulus kamensis

Cricetulus alticola

Cricetulus eversmanni

Cricetulus curtatus

Cricetulus triton

Cricetulus sp.

Mesocrjcetus auratus

Mesocricecus raddei

Mesocricetus newtoni

Mesocricetus sp.

M yospalax fontanieri

Mvospalax rothschildi

M yospalax smithi

Myospalax myospalax

Mvospalax sp.

Dicrostonyx torguatus

Myopus schisticolor

Lemus lemus

Lemmus sibiricus

Lemmus amurenss

Lenunus sp.

Clethrionomys rutilus

Clethrionomvs glareolus

Clethrionomvs rufocanus

Clethrionomys rex

Clethrionomvs andersoni

Clethrionomys sp.

	H' 	 Tu B	 D	 M	 S	 Fs A	 T	 Mo

136	 -	 5	 • 2	. 1	 1	 i	 -	 -	 -

Oô7 -	-	 -	 -	 -	 •4 -	 -

1 • 1O	 -	 -	 -	 -	 .33 . 33 . 33 -	 -

	

064	 -	 -	 -	 -	 1	 1	 8	 -	 -

	

O97	 -	 -	 -	 -	 21	 21 • 58 -	 -

	

1 • 29	 -	 -	 -	 •35 • 35 • 1	 -	 -

	1 • 17	 -	 -	 -	 1	 • 3	• 1	•5	 -	 -

	1 • 22	 -	 -	 -	 •2	 • 2	• 5	 -	 -

O67 -	-	 -	 -	 .4	 • 6	 -	 -

	0 • 0	 -	 -	 -	 -	 10 -	 -	 -	 -

	

O • 69	 -	 -	 -	 -	 .5	 -	 -	 -	 .5

	

O • 69	 -	 -	 .5	 .5	 -	 -

	

00	 -	 -	 -	 -	 -	 -	 1 • 0 -	 -

O5O -	-	 -	 -	 -	 -	 -

	

1 • 41	 -	 -	 '11	 01 • 34	 09 . 39 -	 06

	

O ' 50	 -	 -	 -	 -	 -	 -	 -

	

067	 -	 -	 -	 -	 -	 .4 -	 -

	

0 • 0	 -	 -	 -	 -	 1 • 0	 -	 -	 -	 -

	

050	 -	 -	 -	 -	 -	 •2 -	 -

	

061	 -	 -	 -	 -	 .7	 -	 .3	 -	 -

	

128	 -	 -	 -	 .4	 -	 .3	 -	 •1

	

1 • 28	 -	 -	 -	 .3	 -	 .4	 -

O33 -	-	 -	 -	 .9	 -	 •1	 -	 -

	

105	 -	 -	 -	 58-	 •27-	 05

	

00	 1.0 -	 -	 -	 -	 -	 -	 -	 -

	

061	 •15 • 8	 -	 -	 -	 -	 -	 -	 05

	

069	 •5	 -	 -	 -	 -	 -	 -	 -	 .5

	

00	 1.0 -	 -	 -	 -	 -	 -	 -	 -

	

050	 -	 -	 -	 -	 -	 -	 -

	

0 . 90	 5	 07 -	 -	 -	 -	 -	 -	 .43

	

111	 .4	 . 45 -	 -	 05	 1	 -	 -	 -

	

1 • 19	 -	 4	 . 4	 -	 -	 1	 -	 -

	

050	 -	 -	 -	 -	 -	 -	 -

	

0 • 69	 -	 -	 .5	 -	 -	 -	 -	 .5

	

069	 -	 -	 .5	 -	 -	 -	 -	 -	 .5

	

145	 •8 . 33	 28 -	 •Q1	 04 -	 -	 26

W	 D	 L

D	 HG	 AQ

A	 HG	 SC

A	 HF	 SG

A	 HF	 SG

B	 HG	 SC

A	 HI	 SG

A	 HI	 SC

A	 HI	 SG

A	 HI	 SC

A	 HI	 SC

A	 HI	 SC

A	 HI	 SC

A	 HI	 SC

B	 0	 SC

B	 0	 SC

B	 0	 SC

B	 HG	 FO

B	 HG	 FO

B	 HG	 FO

B	 HG	 FO

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

B	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC
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Species

Eothenomvs melanogaster

Eothenomys olitor

Eothenomys proditor

Eothenomys chirtensis

Eothenomys custos

Eothenoniys smithi

Eothenomys regulus

Eothenomys shanseius

Eothenomys inez

Eothenomys eva

Eothertocnvs leinminus

Eothenomvs sp.

Alticola roylei

Alticola stoliczkanus

A1tico1 streizowi

Alticola macrotis

Alticola sp.

H y peracrius wvnrtei

Flyperac rius fertilis

Hvperacrtus sp.

Dinaromys bogdanovi

Arvicola terrestris

Arvicola sapidus

Arvicola sp.

Ondatra zibethicus

Pitvmys leucurus

Pitymys sikimerisis

Pit ym ys juldaschi

Pitymys afghanus

Pitymvs subterraneus

Pitymys nultiplex

Pitymys tatricus

Pitymys bavaricus

Pitymys lichtensteini

Pityinys schelkovnikovi

Pitymys majori

Pitymys savil

Pttymys lusitarticus

Pitvmys duodecimostatus

Pitymys thomasi

Pityrnvs sp.

Lagurus lagurus

Lagurus luteus

Lagurus sp.

Ii'	 Tu B	 D	 M	 S	 Fs A	 T	 Mo
	 W	 D	 L

0•0	 -	 -	 -	 -	 -	 -	 -	 1 •0 -	 A	 HG	 SC

O69	 -	 -	 -	 -	 -	 -	 -	 .5	 .5
	

A	 HG	 SC

0•69
	 -	 -	 -	 -	 -	 -	 -	 .5	 .5

	
A	 HG	 SC

0•0	 -	 -	 -	 -	 -	 -	 -	 -	 1•0
	

A	 HG	 SG

0•0
	 -	 -	 -	 -	 -	 -	 -	 -	 1•0

	
A	 HG	 SC

050	 -	 -	 -	 -	 -	 -	 -	 A	 HG	 SC

0•0	 -	 -	 1 •0 -	 -	 -	 -	 -	 -
	 A	 HG	 SC

0•0	 -	 -	 1 • 0 -	 -	 -	 -	 -	 -
	 A	 HG	 SG

033	 -	 -	 .9 -	 •1	 -	 -	 A	 HG	 SC

O61	 -	 -	 -	 -	 -	 -	 .3	 .7
	

A	 HG	 SC

1•09
	 .4	 . 3	 -	 -	 -	 -	 -	 -	 .3

	
A	 HG	 SG

1•33
	

O4	 03	 28 -	 •01 -	 -	 •21 •43

033	 -	 -	 -	 -	 -	 .1	 -	 •9	 A	 HG	 SC

0•0	 -	 -	 -	 -	 -	 -	 -	 - 10	 A	 HG	 SC

0•90	 -	 -	 -	 -	 •6	 1	 -	 -	 .3	 A	 HG	 SG

061	 -	 -	 -	 -	 -	 .3 -	 -	 •7	 A	 HG	 SG

084	 -	 -	 -	 -	 •15 • 1	 025 -	 •725

00	 -	 -	 -	 -	 -	 -	 -	 -1•0
	

A	 HG	 FO

0•0	 -	 -	 -	 -	 -	 -	 -	 - 10
	

A	 HG	 FO

0•0	 -	 -	 -	 -	 -	 -	 -	 -	 1•0

090	 -	 -	 •1	 .3 -	 -	 -	 -	 A	 HG	 SC

P77
	

2	 • 3	 • 2	 • 05 • 1	 • 1	 -	 -	 05
	

B	 HG	 SC

069	 -	 .5	 .5 -	 -	 -	 -
	 B	 HG	 AQ

P63
	

1	 • 15 35 • 275 05 05 -	 -	 025

1•09	 -	 6	 • 2 -	 1	 1	 -	 -	 -	 C	 HG	 AQ

067	 -	 -	 -	 -	 .4 -	 -	 -	 A	 HG	 SG

O•67	 -	 -	 -	 -	 .4 -	 -	 -	 A	 HG	 SC

1•03	 -	 -	 -	 -	 -	 .3 -	 .5
	

A	 HG	 SC

1 05	 -	 -	 -	 -	 .4	 -	 .4	 -	 •2
	

A	 HG	 SG

0•61	 -	 -	 .7	 -	 .3	 -	 -	 -	 -	 A	 HG	 SG

00	 -	 -	 -	 -	 -	 -	 - 10
	

A	 HG	 SG

O•33	 -	 -	 -	 -	 •1	 -	 -	 -	 .9
	

A	 HG	 SG

061	 -	 -	 .7 -	 -	 -	 -	 -	 .3
	

A	 HG	 SG

067	 -	 -	 -	 -	 -	 -	 -	 .4
	

A	 HG	 SC

O•50	 -	 -	 -	 -	 8 -	 -	 -	 A	 HG	 SC

1O9	 -	 -	 -	 .3	 .4	 -	 -	 -	 .3
	

A	 HG	 SC

069	 -	 -	 .5 -	 -	 -	 -	 -	 .5
	

A	 HG	 SG

050	 -	 -	 •2	 8 -	 -	 -	 -	 -	 A	 HG	 SC

050	 -	 -	 2	 • 8 -	 -	 -	 -	 -	 A	 HG	 SC

0•0	 -	 -	 - 10 -	 -	 -	 -	 -	 A	 HG	 SG

146	 -	 -	 15 • 23	 2	 -	 05	 .37

069	 -	 -	 -	 -	 .5 -	 .5 -	 -	 A	 HG	 SC

O•61	 -	 -	 -	 -	 .3	 -	 .7	 -	 -	 A	 HG	 SC

067	 -	 -	 -	 -	 .4 -	 -	 -
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Tu B	 D	 M	 S	 Fs A	 I	 Mo	 W	 0	 LSpecies	 H'

Microtue roberti	 139

Microtus £	 1-39

Microtus nivalis	 00

Microtus socialis	 0'94

Microtus arvalis	 1'72

Microtus subarvalis 	 056

Microtus transcaspicus 	 0'61

Microtus ilaeus	 0'0

Microtus mongolicus	 0'0

Microtus cabrerae	 0'0

Microtus maximoieczi	 1'03

Microtus fortis	 1'86

Microtus sacchalinensis	 0'69

Microtus kikuchii	 0'69

Microtus clarkel	 0'0

Microtus millicens	 0'0

Microtus montebeili 	 103

Microtus agrestis	 1-26

Microtus oeconomus	 0-94

Microtus middendorffi	 0-69

Microtus bedfordi	 104

Microtus brandti	 0-61

Microtus rnandarinus 	 0'69

Microtus gregalis	 1'37

Microtus sp.	 199

Prometheomys shaposchnikowi 	 069

Ellobius talpinus	 1-03

Ellobius fuscocapillus	 069

Ellobius sp.	 0-94

Gerbillus campestris 	 0'33

Gerbillus poecilops 	 0'0

Gerbillus famulus	 00

Gerbillus nanus	 0-33

Gerbillus dasyurus 	 0'20

Gerbillus mesopotamiae	 0-0

Gerbillus henleyl	 0-0

Gerbillus gerbillus 	 0'0

Gerbillus andersoni	 0-33

Gerbillus pyramidum	 0'0

Gerbillus aureus	 0-0

Gerbillus cheesinani 	 00

Gerbillus sp.	 0'15

Dipodillus simoni	 0-33

Dipodillus kaiseri	 0-33

Dipodillus sp.	 0-33

-	 -	 -25 '23 • 25 -	 -	 -	 •25

-	 -	 -25 -25 -25 -	 -	 -	 25

-	 -	 -	 -	 -	 -	 -	 -	 1'0

-	 -	 -	 -	 .5	 -	 .4	 -

-	 05	 25	 05	 25 -25 • 05 -

-	 -	 -25-	 -75-	 -	 -	 -

-	 -	 -	 -	 .7	 -	 .3	 -	 -

-	 -	 -	 -	 -	 -	 -	 -	 1'0

-	 -	 -	 -	 -	 -	 1 • 0	 -	 -

-	 -	 -	 1 • 0 -	 -	 -	 -	 -

-	 -	 .5	 -	 -	 -	 .3	 -	 •2

-	 •05	 2	 -	 -15 -2	 . 1	 • 2	 -1

-	 .5	 -	 -	 -	 -	 -	 -	 .5

-	 -	 .5	 -	 -	 -	 -	 -	 .5

-	 -	 -	 -	 -	 -	 -	 -	 1•0

-	 -	 -	 -	 -	 -	 -	 -	 1'0

-	 '3	 -5-	 -	 -	 -	 -

05 '4	 -4	 -05 -	 -	 -	 -	 •1

. 4	 . 5	 -	 -	 -	 1	 -	 -	 -

. 5	 . 5 -	 -	 -	 -	 -	 -	 -

-	 -	 .5 -	 -	 -	 25-	 -25

-	 -	 -	 -	 -	 .7	 .3 -	 -

-	 -	 -	 -	 -	 .5	 .5	 -	 -

. 3	 -	 -	 -	 -2	 • 3	 • 2	 -	 -

-OS -1	 15 -0? -13 -08 • L4 -01 -27

-	 -	 -	 -	 -3	 2	 .5	 -	 -

-	 -	 -	 -	 .5	 -	 .5	 -	 -

-	 -	 -	 -	 .4	 1	 -5	 -	 -

-	 -	 -	 '1-	 -	 .9	 -	 -

-	 -	 -	 -	 -	 -	 1-0 -	 -

-	 -	 -	 -	 -	 - 1-0 -	 -

-	 -	 -	 -	 •1	 -	 -9-	 -

-	 -	 -	 -	 -05 -	 '95 -	 -

-	 -	 -	 -	 -	 - 1-0 -	 -

-	 -	 -	 -	 -	 -	 1-0-	 -

-	 -	 -	 -	 -	 - 1-0 -	 -

-	 -	 -	 '1-	 -	 .9	 -	 -

-	 -	 -	 -	 -	 - 1-0 -	 -

-	 -	 -	 -	 -	 -	 1-0 -	 -

-	 -	 -	 -	 -	 - 1-0 -	 -

-	 -	 -	 -02 -01 -	 -97 -	 -

-	 -	 -	 -1-	 -	 -9-	 -

-	 -	 -	 -1	 -	 -	 -9-	 -

-	 -	 -	 -1-	 -	 -9-	 -

A	 HG	 SC

A	 HG	 SG

A	 HG	 SG

A	 HG	 SG

A	 HG	 SG

A	 HG	 SG

A	 HG	 SC

A	 HG	 SC

A	 HG	 SG

A	 HG	 SC

A	 HG	 SG

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SG

A	 hG	 SC

A	 HG	 SC

A	 HG	 SG

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 FO

A	 HG	 FO

A	 HF	 SG

A	 HF	 SG

A	 HF	 SC

A	 HF	 SG

A	 HF	 SC

A	 HF	 SC

A	 HF	 SG

A	 HF	 SG

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC

-	 -	 -	 -	 5 -	 -	 -	 '5	 A	 HG	 FO
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Species

Tatera indica

Pachyuromvs duprasi

Sekeetamys calurus

Meriones persicus

Meriones rex

Meriories hurrianae

Meriones vinogravodi

Meriones tamariscinus

Meriones tristrami
Meriones unguiculatus

Meriones rneridianus

Meriones shawi

Meriones libvcus

Meriones caudatus

Meriones crassus

Meriones sacramenti

Meriones zarudnvi

Meriones sp.

Brachiones przewalskii

Psammornvs obesus

Rhombomvs opimus

Spalax micropthalmus

Spelax iganteus

Spalax leucodon

Spalax sp.

Micromys Iflinutus

Apodemus mvstacinus

Apodemus flavicollis

Apodemus sylvaticus

Apodemus krkerisis

Apodemus microps

Apodemus argenteus

Apodemus speciosus

Apodemus peninsulae

Apodemus draco

Apodemus latronum

Apodemus semotus

Apodemus gurkha

Apodemus agrarlus

Apodemus sp.

	

H'	 Tu B	 D	 M	 S	 Fs A	 T	 Mo

067	 -	 -	 -	 -	 •4 -	 -	 -

	

0 • 0	 -	 -	 -	 -	 -	 -	 1 •0 -	 -

	

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0 -	 -

069	 -	 -	 -	 -	 •5 -	 •5	 -	 -

	

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	

0 • 0	 -	 -	 -	 -	 -	 -	 1 •0 -	 -

	

033	 -	 -	 -	 -	 9 -	 -	 -

	

0 • 0	 -	 -	 -	 -	 -	 -	 1 •0 -	 -

020	 -	 -	 -	 -	 .95	 05 -	 -

	

050	 -	 -	 -	 -	 -	 2	 8 -	 -

	

0 • 0	 -	 -	 -	 -	 -	 -	 1 •0 -	 -

	

0 • 0	 -	 -	 -	 -	 -	 - 1 • 0 -	 -

O5O -	-	 -	 -	 -	 •8 -	 -

	

0 • 0	 -	 -	 -	 -	 -	 -	 1 •0 -	 -

	

0 • 33	 -	 -	 -	 -	 •1 -	 9 -	 -

	

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	

0 • 0	 -	 -	 -	 -	 -	 -	 1 •0 -	 -

	

O54	 -	 -	 -	 -	 19 • 01	 8	 -	 -

	

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	

0 • 0	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	

0 • 0	 -	 -	 -	 -	 1 • 0	 -	 -	 -	 -

	

069	 -	 -	 -	 -	 5	 -	 .5 -	 -

	

069	 -	 -	 -	 .5	 -	 .5	 -	 -

	

063	 -	 -	 -	 -	 67 -	 33 -	 -

	

148	 -	 15 . 3	 05	 2	 3	 -	 -	 -

	

069	 -	 -	 -	 .5	 . 5	 -	 -	 -	 -

	

117	 -	 1	 5	 1	 . 3	 -	 -	 -	 -

	

161	 -	 -	 2	 • 2	 2	 2	 • 2	 -	 -

	

050	 -	 -	 -	 -	 -	 -	 -

	

O • 69	 -	 -	 •5	 -	 -	 -	 -	 -	 .5

	

103	 -	 2	 • 5	 -	 -	 -	 -	 -

	

103	 -	 2	 . 5	 -	 -	 -	 -	 .3

	

1 • 28	 -	 .3	 4	 -	 -	 •2	 -	 -

	

050	 -	 -	 -	 -	 -	 -	 -	 •8	 •2

	

0 • 0	 -	 -	 -	 -	 -	 -	 -	 -	 10

	

050	 -	 -	 -	 -	 -	 -	 -	 5	 •2

	

050	 -	 -	 -	 -	 -	 -	 -

	

176	 -	 1	 1	 • 05	 35 • 2	 • 1	 -

	

187	 -	 07	 21	 13	 12	 05	 02	 12	 28

W	 D	 L

A	 HI	 SC

A	 HI	 SC

A	 HG	 SG

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HG	 SC

A	 HC	 SG

A	 HG	 FO

B	 HG	 SC

B	 HG	 SC

B	 HG	 FO

B	 HG	 FO

B	 HG	 FO

A	 HI	 AQ

A	 HF	 SC

A	 HF	 SC

A	 HF	 SG

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC
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Species

Lemni.scomvs barbarus

Rattus rattus

Rattus rattoides

Rattus riorvegicus

Rattus rilviventer

Rattus sp.

Praomvs erythroleucus

Praomys fumatus

Praomys sp.

Accays rusatus

Acomys cahtrinus

Acomy s sp.

Nesokia indica

Muscardinus avellanarius

EUmvs guercinus

Dryomys nitedula

Drvomvs laniRer

Dryomvs sp.

Clirulus japoniLus

Mvomimus personatus

Selevinia betpakdalensis

Sicista subtilis

Sicista betulina

Sicista pseudonapaea

Sicista concolor

Sicista sp.

Eozapus setchuanus

P!E! Sagitta

Paradipus ctenodactvlus

Stvlodtpus telum

U'	 Tu B	 D	 M	 S	 Fs	 A	 T	 Mo

050	 -	 -	 -	 -	 -	 -

1'37	 -	 •3	 • 3	 • 2	 -	 -	 -

039	 -	 -	 -	 -	 -	 -	 05 05 9

186	 05	 • 15	 • 2	• 2	• 1	• 2	 -	 -	 .1

O61 -	-	 -	 -	 -	 -	 -	 •7	 •3

1 • 89	 •O1	 • 04 • 13	 13 • 07 • 05 • 06 • 19 •32

069	 -	 -	 -	 -	 .5	 -	 5	 -	 -

00	 -	 -	 -	 -	 -	 -	 1 •0 -	 -

O • 55	 -	 -	 -	 -	 25-	 •75-	 -

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 1()	 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 10 -	 -

067	 -	 -	 -	 .4	 -	 -	 -

O • 90	 -	 -	 • 6	 3	 '1	 -	 -	 -	 -

061	 -	 -	 •7	 . 3	 -	 -	 -	 -

067	 -	 -	 .4	 . 5	 -	 -	 -

149	 -	 -	 . 4	 . 3	 05	 1	 05 -

0 • 0	 -	 -	 -	 10	 -	 -	 -	 -	 -

109	 -	 -	 2	 • 65	 O25 • 05	 O25 -	 05

0 • 59	 -	 -	 . 5	 -	 -	 -	 -	 .5	 -

067	 -	 -	 -	 •6	 • 4	 -	 -	 -	 -

069	 -	 -	 -	 -	 5 -	 5 -	 -

033	 -	 -	 -	 -	 9	 • 1	 -	 -	 -

1 • 05	 -	 . 4	 -	 -	 • 2 	 4	 -	 -	 -

109	 -	 .3	 -	 -	 -	 .3	 -	 -	 . 4

050	 -	 -	 •2 -	 -	 -	 -	 -

149	 -	 17	 O5 -	 •28 • 2	 -	 -	 . 3

0 • 0	 -	 -	 -	 -	 -	 -	 -	 -	 1•0

050	 -	 -	 -	 -	 -	 •8 -	 -

050	 -	 -	 -	 -	 -	 -	 -

0 • 69	 -	 -	 -	 -	 . 5	 -	 .5	 -	 -

W	 D	 L

A	 HF	 SC

B	 HF	 SC

B	 HF	 SC

B	 HF	 SC

B	 HF	 SC

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC

A	 HF	 SC

B	 HF	 FO

B	 HF	 AR

A	 RB	 AR

A	 liP	 AP

A	 HF	 AR

A	 HF	 AR

A	 HB	 AR

A	 HF	 SC

A	 I	 SC

A	 HI	 S

A	 HI	 S

A	 HI	 S

A	 HI	 S

A	 HF	 SC

A	 HB	 LG

A	 FtC	 LG

A	 HG	 :.,
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Jaculus lichtensteini

Jaculus jaculus

Jaculus bland fordi

Jaculus orientalis

Jaculus turcmenicus

Jaculus sp.

Al1actaa sibirica

Allactaga elater

Allactaga euphratica

Allactaa hotsoni

Allacataga bullata

Allacataga bobrinskii

Allactaga severtzovl

Allactaga JJ.2L

Allactaga tetradactyla

Allactaga sp.

Alacatagulus pumillo

Pygeretaus platvurus

Pvgeretmus shitkovi

Pvgeretmus sp.

Cardiocranius paridoxus

Salpingotus koslovi.

Salpingotus crassicauda

Salpingotus heptneri

Salpingotus michaelis

Sa1pinotus sp.

Euchoreutes naso

Hy strix indica

Hvstrix cristata

Hvstrix sp.

Ctenodactylus	 4•

Massoutiera mzabi

H'	 Tu	 B	 D	 M	 S	 Fs	 A	 T	 Mo	 D	 L

067
	 -	 -	 -	 -	 .4	 -	 •6	 -	 -

	
A	 HG	 LG

0•0
	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	
A	 HG	 LG

0•67
	 -	 -	 -	 -	 .4	 -	 -	 -

	
A	 HG	 LG

067
	 -	 -	 -	 -	 .4	 -	 •6	 -	 -

	
A	 HG	 LG

0•0
	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	
A	 HG	 LG

055
	 -	 -	 -	 -	 •24 -	 76	 -	 -

050
	 -	 -	 -	 -	 -	 -	 -

	
B	 HG	 LG

033
	 -	 -	 -	 -	 •1	 -	 .9	 -	 -

	
A	 HG	 LG

067
	 -	 -	 -	 -	 -	 .4	 -	 -

	
A	 HG	 LG

0•0
	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	
A	 HG	 LG

0•0
	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	
A	 HG	 LC

00
	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	
A	 HG	 LG

00
	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	
B	 FIG	 LG

1 •09
	 -	 -	 -	 -	 .4	 .3	 . 3	 -	 -

	
B	 HG	 LG

0•0
	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	
A	 HG	 LG

O•54
	 -	 -	 -	 -	 'i4	 03	 83	 -	 -

0•69
	 -	 -	 -	 -	 .5	 -	 .5	 -	 -

	
A	 HG	 LG

033
	 -	 -	 -	 -	 •1	 -	 .9	 -	 -

	
A	 HG	 LG

0•0
	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	
A	 HG	 LG

020
	 -	 -	 -	 -	 05 -	 .95	 -	 -

0b4
	 -	 -	 -	 -	 -	 •1	 'S	 -	 -

	
A	 HF'	 F()

0•0
	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	
A	 HI	 SC

0•0
	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	
A	 HI	 SC

0•0
	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	
A	 HI	 SG

0•0
	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

	
A	 HI	 SG

0•0
	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

O•33
	 -	 -	 -	 -	 . 1	 -	 '9	 -	 -	 A	 HC	 LG

0•90
	 -	 -	 -	 '1	 • 3	 -	 '6	 -	 -	 D	 HG	 LG

0•0
	 -	 -	 -	 -	 -	 -	 1'O	 -	 -	 D	 HG	 LG

061
	 -	 -	 -	 '05 • 5 -	 .8	 -	 -

069
	 -	 -	 -	 -	 -	 -	 .5	 -	 •5	 B	 HG	 SG

00	 -	 -	 -	 -	 -	 -	 1'O -	 -	 B	 HG	 SG
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Species
	

H'	 Tu	 B	 D	 M	 S	 Fs	 A	 T	 Nb
	

W	 D	 L

Carriivora

p us

Canis aureus

Alopex lagopus

Vulpes vulpes

Vulpes corsac

Vulpes ruepelli

Vul.pes cana

Vulpes ferrilata

Vulpes zerda

Vulpes sp.

Nycereutes procyonoides

Cuon alpinus

Lvcson pictus

Selenarctos thibetanus

Ursus arctos

Mustela erminea

Mustela niva1is

Mustela altaica

Mustela sibirica

Mustela lutreola

Mustela putorius

Mustela eversmanni

Mustela sp.

Vorme1 peregusna

Martes martes

Mattes foina

Martes melampus

Martes zibellina

Martes flavigula

Martes sp.

Poecilictis libvca

gulo

Meltivora capensis

201	 •15 • 15	 15 • 15 • 15	 15	 05 -	 •05

067	 -	 -	 -	 -	 .4	 -	 -	 -

1 • 78	 •075 • 075 • 075 075 275 • 075 325 -	 025

050	 •8	 •2	 -	 -	 -	 -	 -	 -	 -

2 • 11	 125 • 125 • 15	 15	 15	 • 15	 O5	 • 05	 •05

105	 -	 -	 -	 -	 4	 • 2	 4	 -	 -

033	 -	 -	 -	 -	 •1	 -	 -	 -

00	 -	 -	 -	 -	 -	 - 10 -	 -

067	 -	 -	 -	 -	 -	 -	 -	 .4

00	 -	 -	 -	 -	 -	 - 10 -	 -

1•41	 •02 • 02	 03	 03 • 2	 • 0S • 56 •01	 07

131	 -	 •3	 .3	 -	 3	 -	 -	 -

I5O	 -	 •1	 -	 -	 .1	 • I	 • X	 5

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

067	 -	 -	 -	 -	 -	 -	 -	 .4	 •6

O • 64	 -	 •8	 -	 -	 -	 •1	 -	 -

1 • 89	 •2	 2	 • 2	 -	 1	 1	 1	 -

201	 .15	 • 15	 15	 15	 • 15	 15	 • 05 -	 •05

117	 -	 -	 3	 -	 -	 1	 1	 -

117	 -	 .5	 .3	 -	 -	 -	 -	 .1

069	 -	 .5	 -	 .5	 -	 -	 -	 -

1O9-	 •3	 .4	 .3	 -	 -	 -	 -

O8O -	-	 -	 -	 -	 •1	 -

184	 05	 24 • 19 • 02	 18 . 5	 05 -	 •21

O67 -	-	 -	 -	 .4	 -	 .5	 -	 -

119	 -	 4	 •4	 • 1	 -	 -	 -	 -	 1

110	 -	 -	 .33 . 33 . 33 -	 -	 -	 -

069	 -	 -	 .5	 -	 -	 -	 -	 .5

109	 -	 6	 1	 -	 -	 -	 -	 •1

0 • 90	 -	 -	 .3	 -	 -	 -	 -	 .5	 •1

177	 -	 •2	 • 32	 09	 07 • 04 -	 •12 •15

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

119	 .4	 •4	 -	 -	 1	 -	 -

0 ' 59	 -	 -	 -	 -	 -	 -	 .5	 . 5	 -

199	 -	 •15	 2	 15 • 15 . 15	 1	 O5 •05

051	 -	 -	 •3	 -	 -	 -	 -	 .7	 -

D	 CA	 LG

D	 CA	 LG

C	 CA	 LC

C	 CA	 LG

C	 CA	 LC

C	 CA	 LC

C	 CA	 LG

C	 CA	 LC

C	 CA	 LG

C	 0	 LG

D	 CA	 LC

D	 CA	 LC

E	 0	 LG

C	 0	 LG

B	 CA	 SC

A	 CA	 C

B	 CA	 SC

C	 CA	 SC

B	 CA	 A0

B	 CA	 LG

B	 CA	 SC

B	 CA	 SC

C	 CA	 S

C	 CA	 SC

C	 CA	 S

C	 CA	 S

C	 CA	 S

B	 CA	 LC

0	 CA	 LC

C	 0	 LG

D	 0	 LG

0	 0	 LG



199

061

2•09

O33

171

0•90

0•67

O•61

097

0•0

080

1 •28

069

069

0•0

133

090

056

033

080

1 66

1•70

109

0•61

096

O69
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Species

Meles meles

Arctonyx collaris

Lutra lutra

Lutra perspcillata

Lutra sp.

Genetta genetta

Herpestes ichneumon

Herpestes edwardsi

Herpestes sp.

Ichneumia albicauda

Hvaena hvaena

Felis	 1vestris

Felis bjeti

Fells chaus

Fells margarita

Fells mnanul

Felis lynx

Fells caracal

Felis serval

Felis bengalensis

sp.

Panthera pardus

Panthera tigris

Panthers uncia

Panthera ap.

Acinonvx iuhatus

Tu	 B	 D	 M	 S	 Fs	 A	 T	 Mo

-	 •15	 • 2	 15	 15	 15	 • 1	 • 05	 05

-	 -	 .3	 -	 -	 -	 -	 .7	 -

025 125 • 125 125 • 125 125 05	 1	 2

-	 -	 -	 -	 -	 -	 •1	 .9	 -

'025 '06 '06 • 06 '06 '06	 075 '5	 1

-	 -	 '1	 6	 -	 -	 3	 -	 -

-	 -	 -	 -	 -	 •4	 -	 -

-	 -	 -	 -	 -	 -	 .7	 .3	 -

-	 -	 -	 .3	 -	 -	 .55 '15 -

-	 -	 -	 -	 -	 -	 1 • 0	 -	 -

-	 -	 -	 '1	 '2	 -	 •7	 -	 -

-	 -	 '1	 .4	 '2	 -	 '3	 -	 -

-	 -	 -	 -	 .5	 -	 .5	 -	 -

-	 -	 -	 -	 -	 .5	 .5	 -

-	 -	 -	 -	 -	 -	 1'O	 -	 -

-	 -	 -	 -	 '2	 '2	 4	 -	 '2

-	 75 '05	 05 -	 '05 -	 -	 .1

-	 -	 -	 75	 25-	 -

-	 -	 -	 -	 -	 -	 .9 -

-	 -	 -	 -	 -	 -	 1	 7	 •2

-	 '08 '02 '05	 18 '03 . 44 '13	 07

-	 -	 'I	 -I	 '1	 -	 2	 3	 '2

-	 -	 .3	 -	 -	 -	 -	 .4	 .3

-	 -	 -	 -	 -	 .3	 -	 .7

-	 -	 •14 '03	 03 -	 17 '23 •4

-	 -	 -	 .5	 -	 .5	 -	 -

W	 D	 L

D	 0	 LG

D	 0	 LG

C	 CA	 AQ

C	 CA	 AQ

C	 CA	 S

C	 CA	 LG

C	 CA	 LG

C	 CA	 SC

D	 CA	 LG

C	 CA	 LG

0	 CA	 LG

C	 CA	 LC

C	 CA	 LC

C	 CA	 LG

D	 CA	 LG

D	 C\	 LG

D	 CA	 LG

D	 CA	 LG

E	 CA	 S

C	 CA	 LG

D	 CA	 LG

E	 CA	 LG



H'	 Tu B	 D	 M	 S	 FaA	 T	 Mo	 W	 D	 L

00	 —————-1•0 -	 -	 G	 HG	 LG

U6I	 -	 -	 -	 -	 3 -	 •7 -	 -	 F	 HG	 LG

O • 69	 -	 -	 -	 -	 •5 -	 -	 -	 5	 G	 HG	 LG

0 • 0	 -	 -	 -	 -	 -	 - 1 •0 -	 -	 G	 HG	 LG

1 • 96	 -	 -	 -	 -	 •2	 -	 •675 -	 125
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Species

Perissodact viaaaflnnfltfl

Eguus

hemionus

africanus

Eguus

Artiodactvla

Sus scrofa

Camelus ferus

Camelus drornedarius

Cainelus sp.

Moschus moschiferus

Muntiacus reevesi

Cervus dama

Cervus nippon

Cervus aibirostris

Cervus elaphus

Cervus sp.

Aices alces

Rajgifer tarandus

Capreolus capreoius

Tragelaphus imberbis

Bos prim,genius

Bos mutus

sp.

Bison bison

Orvx leucorvx

damxnah

sP.

Addax nasomaculatus

Alcelaphus buselaphus

177	 -	 -	 2	 • 2	 • 15 -	 •i	 • 2	 •15

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

00	 -	 -	 -	 -	 -	 - 10 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

133	 -	 4	 2	 -	 -	 -	 -

069	 -	 -	 .5	 -	 -	 -	 -	 .5	 -

069	 -	 -	 .5	 . 5	 -	 -	 -	 -	 -

056	 -	 -	 .75 -	 -	 -	 -	 25 -

00	 -	 -	 -	 -	 -	 -	 -	 -	 10

133	 -	 -	 • 5	 15	 05 -	 .1	 -

i • 34	 -	 -	 . 44	 16	 015 -	 •025 O6 .3

0 ' 80	 1	 •7	 -	 -	 -	 -	 -	 -	 •2

1O5 • 4	 •4	 -	 -	 -	 -	 -	 -

158	 -	 -	 •4	 15	 1	 -	 1	 • 05	 2

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

O • 50	 -	 -	 -	 -	 -	 -	 -

0 • 50	 -	 -	 -	 -	 •2	 -	 -	 -

00	 -	 -	 1 • 0	 -	 -	 -	 -	 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

0 • 0	 -	 -	 -	 -	 -	 -	 1 • 0	 -	 -

O • 69	 -	 -	 -	 -	 .5	 -	 .5	 -	 -

E	 0	 LG

H	 MB	 LG

H	 MB	 LG

D	 HB	 LG

0	 MB	 LG

B	 MB	 LG

D	 MB	 LG

F	 HE	 LG

F	 HB	 LG

C	 MB	 LG

F	 MB	 LG

D	 HB	 LG

F	 HB	 LG

H	 HG	 LG

H	 HG	 LG

H	 HB	 LG

F	 HG	 LG

F	 HG	 LG

F	 HB	 LG

F	 HG	 LG
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Gazelle subauttorosa

Gazelle dorcas

Gazelle gazella

Gazelle cuvieri

Gazelle leptoceros

Gazella daina

Gazella sp.

Procapra picticaudata

Procapra przewalskii

Procapra gutturosa

Procapra sp.

Pantholops hodgsoni

tartarica

Nemorhaedus

Capricornis crispus

Rupicapra rupicapra

Ovibos moschattjs

Hemitragus lavakari

£!	 aegagrus

c!2

caucasica

cylindricornis

c2!! pyrenaica

falconeri

lervia

Pseudois naysur

Ovis canadeasis

Ovis ammon

H'	 Tu B	 D	 M	 S	 Fs	 T	 Mo

O'50
	 -	 '2	 •8 -	 -

0'O
	

1 • 0 -	 -

0'O
	 -	 -	 -	 -	 -	 - 1'O -	 -

O'50
	 -	 8 -

0•0
	

1 ' O -	 -

0•0
	 -	 -----1•0 -	 -

027	 -	 -	 -	 -	 03 -	 •91e -	 03

0'SO
	 -	 -	 -	 -	 2 -	 -	 -

1 '03
	 -	 -	 -	 -	 -	 .5 -	 .3

o o
	

1 •0-.	-

o .98
	 -	 -	 -	 -	 '13-	 •5 -	 '37

050
	 -	 -	 -	 -	 2 -	 -	 -	 •8

O•67
	 -	 -	 -	 -	 .4 -	 6 -	 -

105
	 -	 -	 2 -	 -	 -	 -	 .4 .4

105
	 -	 -	 .4 -	 -	 -	 -	 .4 '2

1 '61
	 -	 -	 '2	 '2	 '2	 -	 '2	 -	 '2

056
	

.75 -------'25

0•0
	

1 ' 0 -	 -

094
	 -	 -	 -	 •1	 .5 -	 '4 -	 -

103
	

'2	 . 3	 -	 .5

0'69
	 -	 -	 -	 -	 .5 -	 -	 -	 .5

069
	 -	 -	 -	 -	 .5 -	 -	 -	 .5

069
	 -	 -	 -	 .5 -	 -	 -	 -	 .5

056
	 • 75-	 '25

0•0
	

1 ' O	 -	 -

138
	 -	 -	 -	 09 • 21 • 03 '35 -	 32

0'O
	 -	 1'0

1 08
	

2535 -	-	 -	 -	 -	 -	 .4

1 '04
	 -	 -	 -	 -	 '25-	 25-	 5

W	 D	 1.

0	 HG	 LG

0	 HG	 1.0

0	 HG	 1.0

D	 HG	 LG

D	 HG	 LG

D	 HG	 LO

D	 HG	 LG

D	 HG	 LG

D	 HG	 1.0

D	 HG	 LG

0	 HG	 1.0

0	 HE	 1.0

F	 RB	 LG

D HG [.0

G	 HE	 LG

E	 RB	 LO

E	 RB	 1.A

E	 RB	 LG

E HB 1.0

E	 RB	 1.0

E	 RB	 LG

E	 MB	 1.0

E	 MB	 LG

E	 HG	 1.0

F	 RB	 LG

F	 HE	 LG
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Appendix 4

TI-lI weightings and Ecological Diversity classes

of tropical mammal species.



W	 D	 L

C	 I	 AR

B	 I	 AR

B	 I	 AR

C	 I	 AR

D	 HB LG

C	 FIB AR

D	 HB AR

D	 RB AR

D	 HB AR

C	 HF AR

C	 HF AR

C	 HF AR

C	 HF AR

C	 HF AR

C	 HF AR

C	 HF AR

C	 HF AR

C	 HF AR

C	 HF AR

C	 HF AR

C	 HF LG

F	 HB LG

E	 FR SG
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Species

Primates

Perodicticus

Lor isidae

Galago senegalensis

Galago demidovii

Galago crassicaudatus

Galagidae

2! sp.

Colobus badius

Colobus polykomos

Colobus guereza

Colobus angolensis

Cercocebus albigena

Cercocebus torguatus

Cercocebus galeritus

Cercopithecus ascanius

Cercopithecus nitis

Cercopithecus mona

Cercopithecus aethiops

Cercopithecus petaurista

Cercopithecus diana

Cercopithecus l'hoesti

Cercopithecus neglectus

Erythrocebus 2!!

Cercopithecidae

Gorilla gorilla

Pan troglodytes

Pongidae

F	 tJ	 B	 G	 S

	

1 • 0	 -	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

. 33	 . 33	 . 33	 -	 -

	

1 • 0	 -	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

78	 . 11	 • 11	 -	 -

	

-	 .3	 .7	 -	 -

	

1 • 0	 -	 -	 -	 -

	

. 5	 .5	 -	 -	 -

	

. 5	 .5	 -	 -	 -

	

. 5	 .5	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

. 5	 .5	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

-	 -	 1•0	 -	 -

	

10	 -	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

-	 -	 8	 •2	 -

	

71	 • 13	 • 15	 01	 -

	

10	 -	 -	 -	 -

	

. 5	 .5	 -	 -	 -

	

. 75	 • 25	 -	 -	 -

Insectivora

Micropotamogale ruwenzorii

Micropotamogale lamottei

Potamogale velox

Tenrecidae

Chrysochioris stuhlmanni

Chrysochloridae

Erirtaceus albiventris

Erinaceidae

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

-	 -	 -	 -

—	 —	 .5	 .5	 -

—	 —	 .5	 .5	 -

—	 .33	 .33	 . 33	 -

-	 .33	 .33	 . 33	 -

B	 I	 AQ

B	 I	 AQ

B	 I	 AQ

A	 I	 SG

B	 HI	 SC
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W	 D	 L

B	 I	 SC

B	 I	 SC

A	 I	 SC

A	 I	 SG

Species

Rhy riochoc yon cirnei

Petrodomus tetradactylus

Elephantulus rufescens

Elephantulus brachyrhynchus

Macroscelididae

Mjosorex polulus

Sylvisorex granti

yvisorex suncoides

Svlvisorex negalura

Scutisorex somereni

Paracrocidura schoutedeni

Crocidura funiosa

Crocidura turba

Crocidura hildegardeae

Crocidura nigricans

Crocidura bicolor

Crocidura allex

Crocidura flavescens

Crocidura hirta

Crocidura kivuana

Crocidura silacea

Crocidura

Crocidura lutrella

Crocidura nacartheri

Crocidura poensis

Soricidae

F	 W	 B	 C	 S

.7	 .3	 -	 -	 -

. 5	 .5	 -	 -	 -

-	 -	 1•0	 -	 -

-	 .3	 .7	 -	 -

.3	 •275 . 425 -	 -

. 5	 .5	 -	 -	 -

. 5	 .5	 -	 -	 -

. 5	 .5	 -	 -	 -

. 5	 .5	 -	 -	 -

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

-	 -	 .33	 .33	 .33

25	 • 25	 • 25	 • 25	 -

-	 25	 • 25	 • 25	 •25

.5	 -	 -	 .5	 -

-	 ..	 .5	 25	 •25

-	 -	 .5	 .5	 -

2	 •3	 .5	 -	 -

-	 25	 25	 • 25	 25

1 • 0	 -	 -	 -	 -

2	 2	 •2	 2	 2

-	 -	 .33	 .33	 .33

-	 -	 -	 1•0	 -

-	 -	 .5	 .5	 -

1 • 0	 -	 -	 -	 -

• 36	 • 16	 • 17	 • 22	 09

A	 I	 FO

A	 I	 SG

A	 I	 SC

A	 I	 SG

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SC

A	 I	 SG

A	 I	 SG

A	 I	 SG

A	 I	 SC

A	 I	 SC

A	 I	 SG

A	 I	 SC

A	 I	 SG

A	 I	 SC

A	 I	 SG

A	 I	 SC

Rodentia

Xerus rutilus

Xerus erythropus

Heliosciurus gainbianus

Heliosciurus rufobrachium

Heliosciurus ruwenzorii

Protoxerus starigeri

Furtisciurus cawathersi

Funisciurus pvrrhopus

Funjsciurus anerythrus

-	 -	 1•0	 -	 -

-	 .5	 .5	 -	 -

.3	 .4	 .3	 -	 -

. 5	 .5	 -	 -	 -

1 • 0	 -	 -	 -	 -

8	 2	 -	 -	 -

1 • 0	 -	 -	 -.	 -

1 • 0	 -	 -	 -	 -

10	 -	 -	 -	 -

B	 0	 SC

B	 0	 SC

B	 HF S

B	 HI S

B	 HI S

B	 HF S

B	 HF S

B	 HF S

B	 HF S
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Species

Paraxerus alexandri

Paraxerus boehmi

Paraxerus lucifer

Paraxerus palliatus

Paraxerus poensis

Paraxerus ochraceus

Paraxerus cepapi

Sciuridae

Idiurus zenkeri

Idiurus macrotis

Anomalurus beecrofti

Ariomalurus derbianus

Anomalurus pusillus

Anomaluridae

Acomys cahirinus

Acomys dimidiatus

Acomys subspinosus

Aethomvs kaiseri

Aethomys hindei

Arvicanthus niloticus

Colomys goslingi

Dasymys incomtus

Hybomys univittatus

Hybornys trivirgatus

Lemriiscomys griselda

Lennniscoinys barbarus

Lemniscomys striatus

Lophuromys woosnami

Lophuromvs flavopurictatus

Lophuromy sikapusi

'4alacomys longipes

rialacornys edwardsi

Mus setulosus

Mus triton

Mus bufo

Mus gratus

Mus ninutoides

Mus sorella

F	 W	 B	 C	 S

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

. 5	 .5	 -	 -	 -

. 5	 .5	 -	 -	 -

. 5	 .5	 -	 -	 -

-	 •6	 .4	 -	 -

• 63	 • 23	 14	 -	 -

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

10	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

-	 -	 .7	 -	 .3

-	 -	 .7	 -	 .3

-	 -	 -	 -	 1•0

-	 .5	 .5	 -	 -

.33	 -	 .33	 . 33	 -

-	 -	 25	 .75	 -

. 7	 .3	 -	 -	 -

-	 -	 -	 1•0	 -

.5	 .5	 -	 -	 -

. 5	 .5	 -	 -	 -

-	 .5	 .5	 -	 -

-	 -	 6	 .4	 -

-	 .33	 .33	 . 33	 -

. 5	 .5	 -	 -	 -

. 5	 .5	 -	 -	 -

-	 -	 -	 10	 -

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

. 5	 .5	 -	 -	 -

-	 -	 -	 1•0	 -

1 • 0	 -	 -	 -	 -

. 3	 .3	 .3	 •1	 -

. 3	 .3	 .3	 •1	 -
-	 -	 10	 -	 -

W	 D	 L

A	 HI	 S

A	 HI S

B	 HF S

B	 0	 S

A	 HF S

B	 HF S

B	 0	 S

A	 HF S

A	 HF S

B	 HF S

B	 HF S

B	 HF S

A	 HI SG

A	 HI SG

A	 0	 SG

A	 HF SC

A	 HF SC

A	 HG SG

A	 I	 AQ

B	 MB SC

A	 FR SG

A	 HB SC

A	 HG SG

A	 HG SG

A	 HG SC

A	 I	 SC

A	 I	 SG

A	 I	 SC

B	 0	 SC

A	 HI SC

A	 HF SC

A	 HF SC

A	 HI SC

A	 HF SC

A	 HI SG

A	 HF SC
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Species

Mylomys dybowskyi

Oenomys hypoxanthus

Pelomys fallax

Praomvs pernanus

Praomys riatalensis

Praoinys fumatus

Praornys tuilbergi

Praomy s jacksoni

Praomys denniae

Praomys alleni

Rattus rattus

Rhabdomvs puinilio

Stochomvs longicaudatus

Thallomys peedulculus

Tharnnomvs venustus

Tha!nnomvs rutilans

Thamnomys dolichurus

Zelotomvs hildegardeae

Muridae

Beamys hindei

Cricetoniys emini

Cricetomys gambianus

Dendromus nielanotis

Dendromus mesomalas

Dendromus mvsticalis

Deomys ferruineus

Saccostomus campestris

Steatomys sp.

Tatera boehmi

Tatera nigicauda

Tatera robusta

Tatera valida

Tatera inclusa

F	 W	 B	 C	 S

-	 -	 .5	 .5	 -

.5	 .5	 -	 -	 -

-	 -	 .5	 .5	 -

-	 .33	 .33	 . 33	 -

-	 .33	 .33	 . 33	 -
-	 -	 1-0	 -	 -

.5	 .5	 -	 -	 -

. 7	 .3	 -	 -	 -

-6	 -4	 -	 -	 -

. 7	 .3	 -	 -	 -

-2	 -2	 •2	 2	 2

-	 -	 .5	 .5	 -

1 - 0	 -	 -	 -	 -

-	 .5	 .5	 -	 -

1 - 0	 -	 ..	 -	 -

	

. 5 	 .5	 -	 -	 -

	

. 4 	 .3	 .3	 -	 -

-	 -	 -	 1-0	 -

-32	 • 22	 -24	 18	 -04

.5	 .5	 -	 -	 -

1 - 0	 -	 -	 -	 -

-2	 5	 .3	 -	 -

-	 .33	 .33	 . 33	 -

-	 -	 .5	 .5	 -

-25	 5	 •25	 -	 -

1 - 0	 -	 -	 -	 -

-	 .33	 .33	 . 33	 -

-2	 -2	 -2	 -2	 2

-	 -	 .5	 .5	 -

-	 -	 .3	 .7	 -

-	 -	 6	 .4	 -

-	 -	 6	 .4	 -

-	 -	 -6	 •4	 -

W	 D	 L

B	 HG SC

A	 HB AR

A	 HG SC

A	 0	 SC

A	 0	 SC

A	 0	 SC

A	 HI	 SC

A	 HI	 AR

A	 HI	 AR

A	 HF AR

B	 HF SC

A	 HB SC

A	 HF SC

A	 FIB	 AR

A	 HF AR

A	 HB AR

A	 HF AR

A	 I	 SG

A	 HF SC

C	 HF SC

B	 HF SC

A	 HI AR

A	 HI	 AR

A	 HI AR

A	 I	 SC

A	 HF SC

A	 HI SC

A	 HB SG

A	 FIB	 SC

A	 FIB SC

A	 HI SG

A	 HG SC
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W	 D	 L

A	 RB SC

A	 RB SC

A	 HG SG

A	 HG SC

B	 HF SC

A	 HG SC

A	 HG SG

A	 HG SC

Species

Taterillus lowei

Taterillus emini

Cerbillus pusillus

Gerbillus harwoodi

Lophiomys imhausi

Otomys .LL2

Otoaivs irroratus

Otomys denti

Cricetidae

Craphiurus murinus

Muscardinidse

Pedetes capensis

Pedetidae

Tachyoryctes splendens

Rhyzosyidae

Aetherurus africanus

Hystrix cristata

Hystrix africae-australis

Hystricidae

Thrvoriomys swinderianus

Thryonomys regorianus

Thryonomyidae

Cr y ptomvs ochraceocinereus

Bathyergidae

Lagomorpha

L22! Crawshav].

capensis

Leporidae

F	 W	 B	 C	 S

-	 -	 -	 -	 1•0

-	 .33	 .33	 . 33	 -

-	 -	 .3	 -	 .7

-	 -	 .3	 -	 .7

.5	 .5	 -	 -	 -

-	 .3	 .4	 .3	 -

-	 -	 .5	 .5	 -

-	 -	 .5	 .5	 -

17	 • 16	 • 31	 25	 11

. 4	 .3	 .3	 -	 -

. 4	 .3	 .4

-	 -	 .3	 .4	 .3

-	 -	 .3	 .4	 .3

• 2	 •2	 2	 •2	 •2

2	 •2	 •2	 •2	 •2

6	 .4	 -	 -	 -

2	 •2	 •2	 •2	 •2

. 3	 .4	 .3	 -	 -

. 37	 . 33	 17	 065 065

-	 -	 .5	 .5	 -

-	 -	 .5	 .5	 -

-	 -	 .5	 .5	 -

-	 -	 .4	 •6	 -

-	 -	 .4	 •6	 -

.5	 .5	 -	 -

-	 -	 .33	 .33	 .33

-	 .25	 415 P 165 .5

A	 HF AR

C	 HG LG

B	 RB FO

C	 HF SC

D	 RB LG

D	 RB LG

C	 HG SC

C	 HF SC

A	 HB FO

C	 HG LG

C	 HG LC

Carnivora

Canis aureus	 -	 .33	 .33	 . 33	 -
	

C	 CA	 LG

Canis adustus	 -	 -	 .5	 .5	 -
	

C	 CA	 LC

Canis nesornalas	 -	 -	 .5	 .5	 -
	

C	 CA	 LG
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W	 0	 L

C	 CA LG

C	 CA LG

C	 CA LG

0	 CA LG

S pecies

Vuipes vulpes

Vulpes pallicia

Otocyon negalotis

Lycaon pictus

Canidae

Icton y x striatus

Mellivora capensis

Aonwx congica

3X capensis

Lutra rncu1ico1' is

Mustelidae

Viverra civetta

Nandinia binotata

Genetta enetta

Genetta tigrina

Genetta servalina

Genetta pardina

Genetta vjctorjae

Potana richardsoni

Osbornictis piscivora

Ichneumia albicauda

Bdeogale nigripes

t1 lax paltldknosus

Perpestes ichneumon

Herpestes sangulneus

!eloga1e parvula

Crossarchus obscurus

Crossarchus alexandri

Mungos

Mungos gambianus

Vi verr j dae

F	 B	 C	 S

-	 -	 -	 -	 1•0

-	 -	 .5	 .5	 -

-	 -	 .5	 .5	 -

-	 -	 .5	 .5	 -

-	 05	 40	 40	 15

-	 .33	 .33	 . 33	 -

2	 •2	 •2	 •2	 2

L0 -	-	 -	 -

-	 -	 .5	 .5	 -

1 • 0	 -	 -	 -	 -

. 44	 • 11	 21	 21	 .03

• 2	 •2	 •2	 •2

1 • 0	 -	 -	 -	 -

-	 .3	 .4	 -	 .3

-	 .5	 .5	 -	 -

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

-	 1•0	 -	 -	 -

1 • 0	 -	 -	 -	 -

. 5	 -	 .5	 -	 -

-	 1•0	 -	 -	 -

• 2	 2	 2	 2	 •2

-	 .5	 .5	 -	 -

1 • 0	 -	 -	 -	 -

1 • 0	 -	 -	 -	 -

-	 .5	 .5	 -	 -

.5	 .5	 -	 -	 -

55	 25	 15	 02	 03

C	 CA LG

C	 0	 LG

0	 CA	 AU

D	 CA	 AQ

C	 CA AQ

0	 0	 LG

C	 0	 AR

C	 CA LG

C	 CA SO

C	 CA SO

C	 CA SG

C	 CA SC

C	 CA SC

C	 CA AQ

C	 CA LG

C	 CA LG

C	 CA LC

C	 CA LG

B	 CA SO

B	 CA SC

C	 CA LG

B	 CA SC

C	 CA LC

B	 CA LG
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Species

Crocuta crocuta

Haena hyaena

Proteles cristatus

Hyaeriidae

Felis aurata

Felis libyca

Fells serval

Fells caracal

Panthers lea

Panthers pardus

Acinonv,c jubetus

Fel idae

Tubulidentata

Orrctero pus afer

Probosc idea

Loxodonta africana

F	 W'	 B	 G	 S

-	 •i5	 • 25	 25	 •25

-	 -	 .5	 -	 .5

-	 -	 .5	 .5	 -

-	 u8	 • 42	 • 25	 25

1 • 0	 -	 -	 -	 -

-	 .33	 .33	 . 33	 -

2	 •2	 •2	 2	 2

-	 .5	 .5	 -	 -

-	 -	 .4	 .4	 2

• 2	 .!	 •2	 •2	 2

-	 -	 .5	 .5	 -

2	 17	 3	 23	 1

-	 .33	 .33	 . 33	 -

2	 2	 •2	 •2	 2

W	 D	 L

D	 CA LC

E	 CA LG

D	 I	 LG

C	 CA S

C	 CA LG

D	 CA LC

D	 CA LC

F	 CA LG

E	 CA S

D	 CA LG

E	 I	 LG

H	 HB	 LG

Hvraraidea

Dendrohyrax arboreus

Heterohyrax brucei

Procavia capensis

Procaviidae

	

1 • 0	 -	 -	 -	 -

	

-	 -	 1•0	 -	 -

	

-	 -	 10	 -	 -

	

.33	 -	 67	 -	 -

C	 HB	 AR

C	 HB SC

C	 HB SC

Pholidota

Manis RiRantea

Uromanis 1 ngicaudata

Manis temmincki

Manis tricuspis

Man idae

1 • 0	 -	 -	 -	 -

10	 -	 -	 -	 -

-	 .5	 .5	 -	 -

.7	 .3	 -	 -	 -

675	 2	 •125 -	 -

C	 I	 LG

C	 I	 AR

C	 I	 LG

C	 I	 AR
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Species

Perissodactvla

Diceros bicornis

Ceratotherium sjmum

Rhinocerotidae

burchelli

F	 W	 B	 G	 S

-	 -	 1•0	 -	 -

-	 -	 -	 1•0	 -

-	 -	 .5	 .5	 -

-	 -	 .4	 .3	 .3

W	 D	 L

H	 HB LG

H	 HG LG

G	 HG LG

Art iodac tvla

Trae1aphus imberbis

Traeiaphus scriptus

Tragelaphus sp.kei

Tragelaphus strepsiceros

Taurotrgus 2!X.

Boceros eurvceros

Tragelaphinae

Orvx beica

Hippotragus equlnus

Hippotragus	 gr

Hippotraginae

Kobus defassa

Kobus leche

k bus kob

Kobus .ardoni

Redunca fulvorufula

Redunca arudinurn

Redunca redun a

Red incnae

Alcelaphus huselaphus

Alcelaphus lichtensteini

DamLiscus korrgtm

Connochaetes taurinus

Alcelaphinae

Gazella thomsoni

Gazella grinti

Gazella rufifrons

-	 -	 10	 -	 -

.33	 . 33	 . 33	 -	 -

1 • 0	 -	 -	 -	 -

-	 .5	 .5	 -	 -

-	 .5	 .5	 -	 -

-	 -	 -	 -

.39	 • 22	 . 39	 -	 -

-	 -	 .5	 .5	 -

-	 .33	 .33	 . 33	 -

-	 .33	 .33	 . 33	 -

-	 22	 39	 39	 -

-	 .5	 .5	 -	 -

-	 -	 -	 1•0	 -

-	 -	 -	 1.a	 -

-	 -	 -	 1•0	 -

-	 -	 .o	 -	 -

-	 -	 -	 1•0	 -

-	 -	 -	 10	 -

07	 21	 72	 -

-	 -	 .5	 .5	 -

-	 -	 .5	 .5	 -

-	 -	 .5	 .5	 -

-	 -	 .5	 .5	 -

-	 -	 .5	 .5	 -

-	 -	 .5	 .5	 -

-	 -	 .5	 .5	 -

-	 -	 -	 -	 10

E	 FIB	 LG

E	 HB LG

E	 HB LG

G	 HB LG

H	 HB LG

C	 FIB LG

F	 HG LG

E	 HG LG

E	 HG LG

C	 HG LG

E	 HG LG

E	 HG LG

E	 HG LG

D	 HG LC

E	 HG LG

D	 HG LG

F	 HG LG

F	 HG LG

E	 HG LG

G	 HG LG

C	 HG LG

C	 FIG	 LG

D	 HG LC
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Species

Aepvceros melampus

Litocranius walleri

Antelopinae

Cephalophus abboti

Cephalophus dorsalis

Cephalophus callipygus

Cephalophus natalensis

Cephalophus

Cephatophus nigrifrons

Cephalophus nonticola

CephaloDhus silvi.cultor

Svlvicapra grismia

Cephalophinae

Neotragus batesi

Neotragus moschatus

Neotragus pvgmaeus

Oreotragus oreotraRus

Ourebia ourehia

Raphi.cerus campestris

Neotraginae

Rhvnchotragus kirki

tadoquinae

SncerLs caffer

Sncerus nanus

Bovinae

Hvemoschus aguaticus

Traguidae

Potamocioerus Dorcus

Hvlochoerus meinertzhageni

Phacochoerus aethiopicus

Suidae

Ciraffa camelopardolis

Okapia johnston.

Ciraffidac

Hippopotamus amphibius

F	 W	 B	 C	 S

-	 -	 1•0	 -	 -

-	 -	 10	 -	 -

—	 —	 6	 •2	 •2

	

1 • 0	 -	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

. 5	 .5	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

. 5	 .5	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

-	 .5	 .5	 -	 -

	

• 78	 17	 05	 -

	

1 • 0	 -	 -	 -	 -

	

. 7	 -	 .3	 -	 -

-	 -	 -	 -

	

-	 -	 1•0	 -	 -

	

—	 .5	 .5	 -	 -

	

—	 .33	 .33	 . 33	 -

	

. 45	 14	 . 35	 06	 -

	

-	 -	 1•0	 -	 -

	

-	 -	 1•0	 -	 -

	

25	 25	 • 25	 25	 -

	

1 • 0	 -	 -	 -	 -

	

625	 125	 125 • 125 -

	

1 • 0	 -	 -	 -	 -

	

1 • 0	 -	 -	 -	 -

	

. 7	 -	 .3	 -	 -

	

. 4	 .3	 .3	 -	 -

	

—	 .33	 .33	 . 33	 -

	

. 37	 21	 31	 • 11	 -

	

—	 .3	 .4	 -	 .3

	

1 • 0	 -	 -	 -	 -

	

. 5	 •j5	 .	 -	 15

	

2	 2	 2	 2	 •2

W	 D	 L

D	 HG LG

D	 RB LG

E	 HB	 LC

D	 RB LG

D	 RB	 LG

C	 RB LG

D	 RB LG

D	 RB LG

C	 RB LG

D	 RB LG

D	 RB LG

C	 RB LC

C	 HB LG

C	 KB LC

D	 HG LG

D	 HG	 LG

D	 RB	 LG

D	 RB LG

H	 HG LG

G	 KG LG

D	 RB AQ

E	 0	 LC

C	 HB LG

F	 HG LG

H	 RB LG

C	 RB LC

H	 RB AQ
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