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Are troglobitic taxa troglobiomorphic?
A test using phylogenetic inference

Laure Desutter - Grandcolas #

SUMMARY

Obligate cave dwelling organisms ane fregquently charactenised by o peculiar morphologi-
cal syndrome. named moglomorphosis or troglobiomorphosis. This hypothesis, which deals
with the evolutonary influence of the subleranean environment on cave organisms is fur
from being universally accepied. Yeu it hos heen adoped by mony awhors ond is ofien in-
cluded in the definitions of the current classification of cave taxa.

Im this paper [ present a test of the moglobiomorphosis hypothesis, vsing the case study of
the cricket clade Amphiscusiae (Onhoptera, Gryvlloidea, Phalangopsidac). Such o test pre-
limimarily requires tho observations of the habaar of the wxa (achieved on presem-day
populations) ane clearly separated from hypotheses on the evolutioniry transformations of
cuve luxa (roglobiomorphosis hypothesis s s The evolutionary hypotheses on troglobite
morphology are lested using phylogengtic inference. that is by parsimoniously mapping the
states ol several morphological characters {eye size, hody colour, relmive lindleg size} omo
the cladagram of the Amphiacusiae,

According o these plivlopenetic analyses, the troglobiomorpliogis hypothesis is corrobo-
ruted by the pottems reconstrected for eye size and body coloration characters, bt s refuted
by the paterns buile for hindleg size.

INTRODUCTION

In the numerous studies dealing with the evolution of troglobitic life,
toglobitic taxa are frequently defined as having a peculiar marphological
syndrame’ named “troglomorphosis™ (Barr, 1968; Ginet & Decu, 1977
Howarth, [983; Barr & Holsinger, 1985; Camacho, 1992} or “troglobio-

' As data on the physiology and Tife hislory strategies of cave dwelling orzanisms are ac-
cumulating, although on very few species yet, charactenstics other than morphological are
niw included in the stoglobomorphics syndrome (Chrstansen, 1992, Thibaod, 1994),
Such dota wre ned considered here, but all the conclusions drvwn from my morphological
amalvsis apply o them, especially those conceming methodological requirements,
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morphosis™ (Juberthie & Decu, 1994). A pale coloration, an increase of ap-
pendage size {legs, palpi, anlennae...), the reduction or the loss of eyes and
wings are often given as the most conspicuous morphological changes,
amang others, shown by “true troglobites”, As emphasised by Belles (1991:
325) for example, “The most peculiar cave-adapted group is, of course, that
of troglobites, which have been rypified by a series of morphological features,
including loss or reduction of eyes, wings and cuticular pigments, and an in-
crease of sensorial devices, often accompanied by the development of longer
appendages and a more slender body form: the so-called “troglobiomorphic™
characters”™ (italics mine). According to most authors, this is a facet of the
“regressive evolution™ of cave dwelling organisms (Vandel, 1964; Barr,
1968; but see Howarth, 1987; Botosaneanu & Holsinger, 1991),

There is no existing consensus concerning the degree of generality of
the troglobiomorphosis hypothesis and several authors have criticised the
tendency to consider as troglobites only the taxa presenting these maorpho-
logical peculiarities. As Vandel (1964: 29) stated: “Aucun critére
morphologique ne peut ére fenu comme strictement caractéristique des
cavernicoles [restricted here o wroglobites]. Tout ce que nous pouvons
alfirmer, c’est que certaines manifestations (en particulier, Ta dépizmen-
tation et 'anophthalmie) sont staristiguenent plus réquentes chez les
cavernicoles que chez les épigés” (square brackets mine). Similarly Culver
(1982: 36) remarked that; “Many troglophiles have no known surface
populations and are classified as troglophiles only because they show litle
sign of regressive evolution”. Despite such facts and comments, the troglo-
biomorphosis hypothesis has become more and more generally used, It has
been included in the most commonly used classification of cavernicolous
taxa (Racovitza, 1907 Ginet & Decu, 1977; Bellés, 1991; Peck & Finston,
1993, ..}, although this classification was initially based solely on ecologi-
cal grounds (Schiner, 1854, Vandel, 1964), or has even been used as the
main criterion for classification (Christiansen, [962),

As noted by several authors, however, this current opinion is a con-
fusing mixture of ecological and evolutionary hypotheses, especially of
those hypotheses dealing with the habitat of the taxa, their phenotypic re-
sponses Lo a subterranean habitat and their evolutionary transformations
(Barr & Holsinger, 1983; Bellés, 1991; Matile, 1994, Desutter-Grundeolas,
1997c). As a result none of these hypotheses can be thoroughly tested. be-
cause each hypothesis is directly linked o several others and none is inde-
pendent (Eldredge & Cracraft, 1980; Grandeolas et al., 1994). How can we
test if roglobiomorphy characterises abligate cave dwelling taxa if we «
priori assume that troglobitic taxa are troglobiomorphic? Similarly how can
we assume that a character has been modified because of cave colonisation
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if the ancestral state of this character in the clade to which the troglobitic
taxa under study belong is unknown?

In order to test if troglobitic taxa are troglobiomorphic, it is necessary
beforehand o clearly separate the hypotheses concerning the habitat of the
taxa, and those dealing with their evolutionary transformations. The only
alternative would be a non-scientific faith in current opinion and an aban-
don of any scientific approach on cave life analysis. Habitat characterisa-
tion results from present-day observitions and i3 achieved through popula-
tion studies. On the contrary, studies of the evolutionary history of the taxa
are performed per patura in a historical perspective: this implies that the
characters under study are analysed in a phylogenetic perspective (Carpen-
ter, 1989 Brooks & McLennan, 1991, Grandeolas et al, 1994). Habitat
characterisation on one hand and evolutionary transformations of the taxa
on the other are two different scientific questions, which can be studied by
two different kinds of approaches, population biology and comparative bi-
ology respectively (Peck, 1981; Grandcolas et al., 1997).

Let us consider first the problem of habitat characterisation. An imme-
diate consequence of the above is that the current classification of caverni-
colous taxa needs to be modified w allow the description of the habitats of the
taxa without presuming their evolutionary transformations. 1 have analysed
this problem in another paper and proposed to classify the taxa exclusively
accoriing to their behavioural ecology (Desutter-Grandeolas, 1997¢) only
those taxa which live and reproduce in the subterranean environment without
leaving it, should thus be qualified as troglobitic. Other taxa would be classi-
ficd aecording to their owir main fabitar {straminicolous, cavicolous, den-
drophilous. etc.. see for example Lincoln et al., 1982), even though they may
appear more or less sccidentally or regularly in caves, which may represent a
substitute of their habitat. For example. many nocturnal cavicolous crickels
{Orthoptera, Orylloidea) use caves 1o hide during the day: they have been er-
roncously qualified as cavernicolous or troglophiles (Vandel, 1964 Leroy,
19673, but their natural habitat includes burrows or hollow trees, and they
have no peculiar link with subterrancan habitats, The proposed classification
no more recognises so-called troglophilic or trogloxenous taxa, a source of
ambiguity in many previous classifications (see comments in Christianson,
1962; Barr, 1968; Howarth, 1983, Barr & Holsinger, 1985; Peck, 1990;
Culver, 1982; Thibaud, 1994). Also it completely separates the habitat from
the evolutionary history of the taxa. In fact it only requires that observations
are made in the natural environment, outside caves, to check for the habitat of
the taxa. This classification has been used far example to clarify the list of
cave living crickets (Orthopters, Grylloideu) (Desuiter-Grandeolas, 1997a; see
alse DesutterGrandeolas, 1993, 19954) and is adopted in the present paper.



4 LAURE DESUTTER-GRANDCOLAS

The second problem is o study the evolutionary transformations of
troglohitic taxa. In order to build sound hypothesis on character transforma-
tion, one needs to know which are the ancestral states of the characters and
how the charscters have evolved in the clade under study (polarity of change),
Given these evolutionary patterns, one should be able to answer the following
questions: have troglobitic taxa kept the ancestral states of the characters or
not? And have character modifications co-occurred with cave colonisation?
Such an analysis can be achieved only by using the method of phylogenetic in-
terence, which consists in using a phylogeny, built according to cladistics, to
reconstruct the ancestral states and the evolutionary transformations of taxa
features (Andersen, 1979, 1994; Wanntorp et al,, 19900 McLennan, 1991
Packer, 1991; Grandeolas et al., 1993 Andersen & Weir, 1994),

Phylogenciic inference is further employed to test hypotheses in evolu-
tionary biology (Eldredge & Cracraft, 1980; Coddington, 1988, 1990 Car-
penter, 1989: Brooks & McLennan, 1991; Ross & Carpenter, 1991 Grand-
colas et al,, 1994, 1997), by comparing the transformation pattern an evo-
lutionary hypothesis predicted with the phylogenetic pattern derived from
cladistic analyses: i both patterns fit. the hypothesis 15 corroborated in the
case under study; on the reverse, if both patlerns do not fit. the hypothesis
is invalidated. The comparison, by analogy, of as many case studies as pos-
sible may allow to peneralise the tested hypothesis, to modify it or 1o reject
it.

There is a growing number of studies in comparative biology that use
phylogenetic inference to reanalyse a large array of evolutionary problems
{Andersen, 1979, 1994: Coddington, 1988, 199(0; Carpenter, 1989; Wanntorp
et al, 1990; Packer, 1991, Ross & Cuarpenter, 1991; Siddall et al., 1993;
Desutter-Grandeolas, 1993, 1994b, 1996b, 1997h; Grandeolas, 1993, 1996,
1997b: Grandeolas & Deleporte, 1996. Andersen & Weir, 1994; Siddall &
Burresan, 1995; ...}, Troglobitic evolution 15 beginning to be reanalysed that
way. Current hypotheses of the factors responsible for cave life evolution
(Desutter-Grandeolas & Grandeolas, 1996) and, more generally, the main
cancepts of current theory of wroglobitic evolution {Desutter-Grandeolas,
[997¢c, have been reevaluated using phylogenetic inference.

[ will present here a phylogenetic analysis of the roglobiomorphosis
hypothesis in the cricket clade Amphiacustae. This clade has previously
been studied for habitat evolution (Desutter-Grandcolas, 1993, 1994b) and
far the evolution of wings and stridulatory apparatus in males {Desutter-
Grandeolas, 19954, 1997d): it has then been shown that cave colonisation
and wing modification did not co-occur and that the loss of acoustic com-
munication did not appear subsequently to cave colonisation. These results
partly invalidated the hypothesis of troglobiomorphosis. [ will here resume



ARE TROGLOBITIC TAXA TROGLOBIOMORPHIC? 5

this troglobiomorphic analysis and test for the evolution of hody coloration,
eye size and hindleg size in the Amphiacustae.

MATERIAL AND METHOD
Miertericl

The Amphiscustae are distributed in Central America and in the West
Indies (Desutter-Grandeolas, 1993). The monophyly and internal phylogeny
of this clade have been assessed by the cladistic analyses of morpho-
anatomical characters (Desutter-Grandeolas, op. cit. and Fig, 1A) The phy-
logeny was worked out at the genus level, each genus being defined as a
monophyletic entity. The present analyses were then achieved at this same
level, and 67 species (253 specimens) over the 69 described up to now in
this clade have been taken into consideration to precisely define the traits
{cf, infra) of each genus (Desutter-Grandeolas, 1993, 1994a. [993b, [997e;
Desutter-Grandeolas & Otte, 1997),

The habitats of the taxa have been assessed in a previous paper using
data found in the literature and personal observations in the field (see
Desutter-Grandeolas, 1993). Two different habitats were then defined; 14
straminicolous - cavicolous {epigean) and 2/ troglobitic. Only one parsimo-
nious scenario was derived o account for habitat distribution among the
Amphiacustae: it implied two independent evolutions toward a subterranean
life and one reversal toward an epigean way of life (Desutter-Grandcolas,
1993, 1994b, 1997¢ and Fig. 1B).

A Amphiacusta B s Amp.
Neoctivax g5/t MNoc.
Cantraifia ¢ Can,
Leptopedeies cs Lep
Nemoricanior ﬁ €5 Mem.
Arachnopsita U Am,
Longuripes i 1 Lan.
:::?:: Profornguripes @ " cs Pro.
b Aepe Mayagrylius L May.

Fig. | = Phylogeny (A} of Amphiacusiae and reconstructed scenario {B) of their habiur evo-
lutiom (madified from Desuter-Grandeolas, 1993, 199db), Ancestral state in a grey frame;
atribute change indicated by a large bar ond o white [rame,
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All the zenera were found homogensous for their habitat, except Noc-
tive, In the present paper, the following taxa were then considered in the
character analyses: I/ epigean taxa: Ampliiacusta, Cantrallia, Leptopedetes,
Nemoricantor, epigean Necrivox (Nocoh. epig.) and Profoenguripes: 2
troglobitic taxa: Arachnopsita, Longuripes, Mavagryling and troglobitic
Noctivox (Nocr, rroglo, including two closely related taxa), The internal
phylogeny of Nectiver being still unknown, the subdivision of Nectivex
used here in character analyses was not taken into account as such in the
Amphiacustae cladogram,

Method for troglabiomeorphosis analysiy

In order to test the hypotheses of troglobiomorphosis, several traits
have been considered, namely the body coloration, the size of the eye and
that of the hindlegs. None had been incorporated in the data matrix used to
build the phylogeny of Amphiacustae for lack of reasonable argument to
assess primary homology (De Finna, 1991). For each trait, several states
have been defined in the taxa under study and mapped onto the Amphio-
custae phylogeny (optimisation procedure), using Wagner parsimony ¢x-
tended to multistate traits (Farris, 1970; Fitch, 1971), Hypotheses of the an-
cestral states of the traits and of their subsequent transformations were thus
derived and compared with the patterns implied by troglobiomorphosis hy-
potheses (Carpenter, 1989; Brooks & McLennan, 1991; Grandcolas et al.,
1994),

Anribntes aird attribute states definitions

States of the features analysed here are the following (Table 3}

I/ Body coloration: d, dark; p, pale. All the groups considered in the
analysis are homogeneous for this character,

2/ Eye size: 1, large; s, small. All the groups considered in the analysis are
homogeneous for this character (Fig. 2-11)

3/ Relative size of hindlegs. Two ratios have been used to account for hin-
dieg size: ratl: Length of hindfemur / Length of the pronotum, and rat2:
Length of hindtibia / Length of the pronotum,

The length of the pronotum is considered a good indicator of the size
of a specimen, rather than its width, which appears influenced by the
presence and development of the wings, and rather than the whole body
length, which is sensitive to the actual condition of the specimens (dry or
in alechol) and (o their physiological state when collected (especially for
females).
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Figs. 2-11 — Heads of amphiscust xa (right Iateral view) showing the eye size. 2, Amepfria-
cixta annlipes; 3 Noctlvex sancheze; 4, N boltvaed; 5, Comteallia fuasteca; 6, Lepropederes
chirfguensis, 7, Nesovicantor azteces; 8, Arachinopsita rsanacinte; 9, Longnripes sbordonii; 10,
Frofongeripes gpigantens: |1, Mavagretfus apreres. Scale 1 mm. Troglobitic taxa identified with
u black arrow.

Ratio values were computed directly using the measurements of each
specimen and not only the minimum, maximum and mean values indicated
in the descriptions of the species {DesutterGrandcolas, 1993, 1994a, 1995Db,
1997e; Desutter-Grandeolas & Otte, 1997).

Both ratl and rat2 are continuaus variables. To define the states of each
attribute, [ performed two-sample Wilcoxon tests between pairs of taxa,
with a confidence interval of 95%. These analyses clustered together the
taxa for which ratio value distributions have close median values. Tables |
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and 2 show the results of these tests for ratl and rat2. According Lo these
results, the following states were defined for these features:
ratl: 4 states are defined, clustering the following taxa:

state a; Cangralfio.

state b Amphiocusta, Aracfivopsite, Noct. troglo, Mavagrvllus.

state ¢ Nemaoricantor, Noct. epig.

state d: Lepropedetes, Longuripes, Profonguripes.

Figure 12 shows the relative values of theses states, The ratios are
higher from a to d, indicating a bigger hindlemur size.
rat2: 4 states are defined, clustering the following taxa;

slate a: Cantraflia.

state b: Ampliiacnsta,

stite ¢ Aracfmopsita, Noct, troglo and Nocon epig.

Mavagrdins and Nemoricantor present slightly different ratio vilue
distributions and ambiguously cluster with the preceding taxa; they are in-
dicated as (¢} in Table 3.

state d: Lepropedetes Longnripes, Profonguripes.

Figure 13 shows the relative values of theses states. The ratios are
higher from a to d, indicating a bigger hindtibia size.

— - Laplopedetes
—— Moct troglo.
— . MNoct epg.
———— Mayagrlus
— MNemoricanior
— k. Arachnogsita
e h— Canlraiia

»— Frifonguripes
: -— - Longuripes
. - Amphiacusta

4 5 6 7 8 g 10 1
LFIll f Lpron

Fig. 12 - Attnibote LFI ¢ Lpron: minimum, maximum und mean values for esch axon, and
states used in the phylogenctic analyses, Symbals: & state a: #; stale b, @: state ¢ 0 state d,
Explanations see texl.
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i — Leptopadeles
— Nl trogie
—— Nl pig.
—s - Mayagrylus
— Nemarcanion

i Arachnopsit
—k Canlraiia
] FProlonguripes
: Longuripes

Armphiacusty

3

4 5 6 T 8 g 10 11 12
LTIl / Lpron

Fig. 13 — Auribute LTI f Lpron: minimuam, maximom and mean values for each taxon, and
states used in the phylogenetic analyses, Symbals: & siate a; #: siate b @ stae o; B sae d,
The symbal O represents ambiguous values of state ¢, Explanations see wxt,

RESULTS

1/ Body coloration

Figure 14 shows the distribution of body coloration states in the Am-
phiacustae. Only one most parsimonious scenario (3 steps) accounts for the
distribution of this two-state feature: it implies a dark ancestral coloration,
two independent modifications ward a pale coloration, in Noct. troglo and in
the subgroup [(Arachnopsitg {Longnripes - Prodonguripes) Mavagrylius),
and one reversal toward a dark body colour in Profongaripes. It appears
clearly that all the troglobitic taxa have a pale coloration, while epigean
laxa have a dark one, and that colour modification events co-occur with
habitat changes. This corrohorutes the current hypothesis of body colour
change {(paler coloration) in sublerranean environment.

27 Size of the eves

Figure 15 shows the distribution of eye size states in Amphiacustae. As
for hody coloration only one most parsimonious scenario (3 steps) accounts
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for this distribution: it implies two independent reductions of eye size, in
Nact, trogle and in the subgroup ffArachnopsita (Longuripes - Prolon-
guripes) Mayagryffus{, and one reversal toward a larger eye size in Profon-
guripes. As for body colour, these modifications co-occur with habitat change
and corroborate the current hypothesis of eye size reduction in sublerranean

environment.

d Amp.

d/p Noc.
d  Can
d Lep
d Nem
p Ara
p Lon
d Pro
p May

Fig. 14 = Phylogenetic scenario for body coloration. States: d: dark; pe pale. Mames of the

taxa andd symbols as in Fig. L

G2 1 Amp

1/s Noc.

1 Can.

| Lep

'@' 1 MNem.
5 Ara
@ 5 Lon,

1 Pro

o B

5 May

Fig. 15 = Phylogenetic scenaria for eve size. States: s; small; 12 large. Names of the taxa amd

symbols as in Fig. 1,
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ISize of indleg: racd (LFHH / Lpron)

Three most parsimonious scenarios (5 steps) account for the distribu-
tion of ratl states in Amphiacustae (Fig. 16). They all imply that b is the
ancestral state and that state a occurred in Cantralfia: they moreover show
convergent changes either toward state ¢ or toward state d:

Scenario 1 (Fig. 16A}: state ¢ appeared independently in MNoct. epig
and in Nemoricamor, and state d appeared independently in Leptopedetes
and in the subgroup (Longuripes - Prolonguripes).

Scenario 2 (Fig. 16B): state d appeared independently in the subgroups
{Longiripes - Prolongnripes) and (Lepropedetes - Nemoricantor), and ong
subsequent change 1o slate ¢ occurred in Nemoricantor, independently from
the appearance of state ¢ in Noct, epig.

Scenario 3 (Fig. 16C): state ¢ appeared independently in the subgroup
{ Leprapedetes - Nemoricantor) and in Necr, epig. and one subsequent change
to state d occurred in Lepropedetes, independently from the appearance of
state d in the subgroup { Longuripes - Prolongiripes),

L= N -

Fig. 16— Phylogenetic seenanos for bindleg size: LFIT S Lpron. States; see text ond Fig, [2.
Mames of the s and symbals as in Fig. |
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These scenarios show that the evolution of ratl in Amphiacustae has
been complex and that it did not follow cave colonisation. State d thus ex-
ists on one hand in the epigean genus Lepropederes, and on the other hand
in the woglobitic genus Longnripes and its epigean sister genus Profon-
guripes. On the reverse, the troglobitic species of Nactivex have kept the
ancestral state of ratl, while the epigean species of this same taxon have
evolved toward a higher ratio. The troglobitic taxa Mavagryiius and Arach-
nopsita have also kept the ancestral state of ratl.

4f8ize of findlep: rat2 (LTI 7 Lpron)

Only one most parsimonious scenario (4 steps) accounts for the distri-
bution of rat2 states in Amphiacustae (Fig. 17). It implies that the ancestral
state is state ¢, and that the following changes have occurred: state b ap-
peared in Amipfiaensta, state a in Cantraffia, and state d independently in
Leptopedetes and in the subgroup (Longieripes - Prolonguripes).

If states C and (o) were considered different, the sitoation would he
more complex, with several possible scenarios (6 steps each), the ancestral
state being either b, ¢ or d. The conclusions concerning the evolutionary
tendencies of rat2 would anyhow be similar.

As for ratl, the hypothesis of roglobiomorphosis is not supported by the
reconstructed scenario for rt2, The highest ratio {state d) thus appeared inde-
pendently in the epigean Lepropedetes, and in the troglobitic genus Lon-
guripes and ils epigean sister genus Profonguripes. On the reverse, other
troglobitic Amphiacustae kept the ancestral state of ra2 (Nectivor p.p.,
Arachmopsita), or present a slight modification of this state {Mavagrylins).

b Am
@& s

(¢] May.

Fig. 17 = Phylogenetic scenario for hindleg size: LTI/ Lpron, Stiies: see text end Fig, 13,
Mumes of the taxa and symbols as in Fig. 1.
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Table | = Two-sample Wilcoxon lests for the atteibute LFIT Y Lpron, Explanations: see fexl.
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Table 3 = Disiributions of the stes of the features studied 0 this paper. Explanations: see text,

Body colour cye size LEI Lpron LTI Lpron
Ampliiaciita dark large & b
Lostpuripes pale small d d
Prodonguripes dark large d d
Canrrallic dark large a a
Araefmopsita pale sl b C
MNewmaricantor dark Large ¢ el
Mirvagivitus pale small 1] ]
Leptepeddetes dark large i d
Mot ey, dark liarge C s
Nawer. traglo, pale simall b C
DISCUSSION

The phylogenetic analyses presented in this paper partly corroborate
and partly refute the hypothesis of troglobiomorphosis. In both cases how-
ever the patterns of change of auribute states reveal that homoplasies (con-
vergence, reversal) frequently oceur in the case under study: these could not
have been documented in o non phylogenetic context, for lack of independ-
ent argument lo assess attribute change polarity (Carpenter, 1989 McLen-
nan, 1991 Grandeaolas et al., 1994; Desutter-Grandealas, 1997¢),

In the present analyses, some attribute states are present only in troglo-
bitic Amphiacustae and their evolutionary transformations co-occurred with
habitat changes in this clade: they appeared in the taxa which have shifted
toward i subterranean habitat (troglobitic Mecrfvar species and the subclade
[Aractnopsita - Mavagrelfns]) and reversed toward an ancestral siate in the
taxat which have returned toward an epigean habitat { Profonguripes). Such is
the case of a reduced eye size und of a pale body coloration (Fig. 14, 15}
The polarity of change for the eye size and the body coloration attributes
corroboratles the troglobiomorphosis hypothesis.

Conversely, other characters show complex evolutionary transformi-
ticn series and no simple relation with habitat changes can be found. This is
the case of the two attributes used to characterise hindleg size (ratl and
rat2). The phylogenetic patterns derived from cladistic analyses for these
attributes showed that neither a shift toward a subterranean habitat nor a re-
versal toward an epigean life is obligatorily accompanied by o modification
of these attribule states, contrary 1o what is observed for eye size and body
coloration. Increase of hindleg sice may actually happen in troglobitic taxa,
just as it may occur in epigean taxa. In fact no polarity of change seems as-
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sociated with habital modifications, which invalidates the troglobiomaor-
phosis hypothesis. As already indicated above, a similar refulation resulted
from the phylogenetic analyses of male forewing and stridulatory apparatus
{Desutter-Grundeolas, 1997d): homoplastic changes (convergences) oc-
curred between epigean and troglobitic taxa for the loss of the stridulum,
and reversals were documented in both epigean and troglobitic taxa.

In the Amphiacustae, the woglobiomorphic hypothesis is thus corrobo-
rated by eye size and bady coloration, but invalidated by hindleg size and
wing development. Even within a single cricket clade, “roglobiomorphosis”
thus concerns a heterogeneous lot of characters, the state distributions and
evolutionary  transformations of which are diverse and contradictory, No
unique pattern of morphological evolution exists. On the contrary, several
patterns are derived from the phylogenetic analyses, involving character state
diversification and homoplasies (converzgence or reversal). Such patterns are
commonly documented in phylogenctic reconstructions {Andersen. 1979,
1994, Carpenter, 1989; Coddington, 1990: Wanntorp et al., 1990; Packer,
1991; Desutter-Grandeolas, 1994h, 1997b,d; Andersen and Weir, 1994; Sid-
dall & Burmeson, 1995; Grandcolas, 1993, 1996, [997h: many contributions
in Grandeolas, 1997a) and troglobitic evolution is in this respect not different
from other phyletic evolutions,

So-called troglobiomorphic transformations are often considered adap-
tive 1o cave life, either directly or through energy economy (Howarth, 1981,
1987 Culver, 1952; Peck, 1990; Kane & Culver, 1992: Culver et al., 1994,
Howarth ¢ 1983, 374} thus stated: “Troglobites have evolved to exploit the
organic resources found in mesocavernous and macrocavernous habitats,
The close similarity of cave adaptations among the diverse taxa in so many
different cave arcas indicates that cave adaptation is a general process and
the result of similar selection pressures”™ and precised further: “The adapta-
tions displayed by troglobites include loss or reduction of eyes, cuticular
pigments, wings, a circadian thythm. and in some species a functional tra-
cheal system; thinning of cuticule; and ofien the development of longer ap-
pendages, an inerease of vestiture, a larger, more slender body form, and in
some species a lower metabolism”, Other hypotheses, such as the accumu-
lation of neutral mutations, pleiotropic effects or genetic drift, have also
been proposed to account for the morphological changes occurring in some
cave dwelling organisms (e.g. Culver, 1982 Howarth, [987; see also
Wilkens, 1986, 1992; Rouch & Danielopol, 1987, Botosaneanu & Hol-
singer, 1991} and no single hypothesis seems able to account for the avail-
able data {Christiansen, 1992: see also comments in Leroi et al., 1994),

As already indicated, phylogenetic analyses cannot be used 1o directly
test those process hypotheses, becaose it is not possible o reasonably assess
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that the processes observed in present-day populations are similar to those
that were occurring in ancesiral populations in ancesiral environments
(Greene 1986; Leroi et al., 1994). However phylogenetic reconstructions
can acurately test for the plausibility of each process hypothesis, by the
comparisons of the phylogenetic and predicted pauerns: if a process hy-
pothesis implies o given distribution of the states of the character of interest
and if this given pattern is different from the pattern reconstructed using
phylogeny, then this process hypothesis is refuted in the case under study,
This is the most nentral method presently at hand (o extend process hy-
potheses derived from present-day population studies to the past, and to
tentatively reconstruct evolutionary pathways: other methods exist, but they
are all based on a given set of unwarranted hypotheses which biases and
weakens their conclusions [Eldredge & Cracrafy, 1980; Grandeolas et al.,
1994, 1997}, Such a process analysis is far beyond the aim of this paper for
lack of data on Amphiacustae populatons. Future studies on troglobiomaor-
phy should however integrate both population studies and phylogenetic
analyses (taxonomies have long been recognised inadequate references in
historical studies) at the scale of monophyletic groups of taxa including
both troglobites and epigean organisms, to achieve such phylogenetic tests
of process hypotheses.

CONCLUSION

The present paper analyses the troglobiomorphosis hypothesis in one
given case study and concludes o a complex situation, for which no simple
explanation can a priorf he found, Could these results be generalised, and if
50 how? Obligate cave dwelling organisms are morphologically diverse and
distantly related (Vandel, 1964; Howarth, 1983; Juberthic & Decu, 1994).
To est for convergent patterns of morphological evolution 1t would conse-
quently be necessary first to consider separately all the characters that are
currently gathered in the “troglobiomorphic syndrome”, second (0 examine
their evolutionary transformations in monophyletic clades including both
epigean and troglobitic taxa through phylogenetic analyses, and third o
compare by analogy the phylogenetic patterns thus reconstructed. This
should allow to propose talsifiable hypotheses concerning the effect of cave
living on morphological evolution. By contrast, the wroglobiomorphosis hy-
pothesis, as formulated today, may be qualified a “conceptual dead-end™, as
it impedles @ real test of the hy potheses of roglobitic morphological modifi-
cations. Also its current association with habitat characterization biased
studies in troglabitic life by imposing ad fioc hypotheses on basic defini-
tions.
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Our understanding in cave life has been deeply maodified these last
thirty years, owing to important discoveries on the subterranean world and
organisms (Howarth, 1983; Juberthie, 1984; Juberthic & Decu, 1994}
These findings have been easily accepted by Biospeologists and have been
followed by a large amount of new, enthusiastic studies.

Now another step in cave life studies is necessary, which concerns the
methodology used to analyse troglobitic evolution. Recent increase of
knowledge concerning cave life deeply questions traditional ideas on
troglobitic evolution. Peck & Finston {1993) rightly observed that point,
but stated:; “There may not be a unified theory of troglobitic origin, and this
may be a general property of the evolutionary biology of caves™. It is clear
however that as in any field of Comparative Biology the elaboration of a
general theory of cave life origin and cave life evolution, be it with one or
several proposals, will result from the independent and reasonable tests of
current hypotheses, that is using phylogenetic®inference (Eldredge & Cra-
craft, 1980). Some authors have rightly foreseen this (Deeleman-Rheinhold,
1981: Peck, 1981), Now that a clear methodology in phylogenetic inference
is at hand, let us hope that many studies will be carried out in that direction,
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