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IN MEMORIAM 
JOZEF K.A. VAN BOVEN (1915-1997) 

On 7 April 1997, the Belgian Zoological 
Society lost one of its eminent entomologists with 
the passing of Professor van Boven. 

Jozef van Boven was born on 19 May 1915 in 
Roermond. Even as a young boy, he was 
impressed by the diversity of animal life be found 
in the rural fields in this area of the Netherlands. 
Especially the variety of insects left a deep impres
sion, and formed the basis of bis later career as an 
entomologist. After completing secondary school, 
he entered the catholic seminary in Roennond, 
where he received his priest ordination on 10 April 
1943. Priesthood brought him in contact with the 
Jesuit fathers Erich Wasmann and Hermann 

Schmitz, who were both well-known myrmecologists. The need to bide during the war, 
however, brought him by coincidence to Leuven, where be carne in touch with Jezuit 
father Albert Raignier, also a renowned myrmecologist. From bis diocese in the 
Netherlands, he got permission to enrol as a student ofbiology at the university in Leuven. 
Here, the professional contact with the ant world began, and led, iJ1 1957, to the comple
tion of his PhD-thesis on allornetry and polymorphism in ants. This same year, be was 
appointed as Professor of zoology at the K. U .Leuven. 

For his main research on the taxonorny and biology of the Dorylinae, he carried out 
extensive field work in the former «Belgian Congo». The taxonomy of the Dorylinae 
remained bis main field of expertise with annual.expeditions to Africa, and several tens of 
articles published in this field. In addition, the ants of Belgium and the Netherlands were 
also the subject ofhis research, and led in 1976 to the publication in «Acta Zoologica et 
Pathologica Antverpiensia» of the very va luable De mierenfauna van België, that i.ntro
duces the fascinating life of ants and includes a key to the Belgian Formicidae. As a 
Dutclunan, he kept in touch with the Museum ofNatural History in Maastricht, where be 
was curator of the Wasmann co llection frorn 1963 until 1973. Frorn 1967 to 1973 he was 
president of the «Natuurhistorisch Genootschap Limbmg ». 

During his long academic career in Leuven, he taught entomology as well as an intro
ductory course on the behaviour of social insects to hundreds of students. Professor van 
Boven was an extraordinarily talented teacber, who understood perfectly the art of grip-
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ping the audience - his classes were even attended by students that did not have to take 
his courses, but that were just fascinated by his charrning way of teaching! 

Until his retirement in 1984, he was head of the division of animal eco!ogy and sys
tematics in the Zoological Institute, and for several years was member of the zoological 
èommittee of the National Fund for Scientific Research. When he retired, he devided his 
very professional entomological collection into three parts: the research collection with 
anny ants went to the Royal Museum of Central Africa in Tervuren, the general ant col
lection moved to the Natural History Museum in Maastricht to join the Wasmann collec
tion, while the general insect collection remained in the Laboratory of Entomology at 
Leuven. 

After retiring, professor van Boven moved from Leuven to Kortrijk, where he 
exchanged scientific research for an active and serving pastoral life in the St. Maarten and 
Our Lady parishes. In addition to celebrating mass at noon, he would also walk to church 
to say mass at 7 am every morning, five days a week. On a dark and grey mornjng in 
November 1991 , trying to escape from the wind and drizzling rain, a severe fall on his way 
to church resulted in a broken hip followed by a long and slow recovery period in hospi
tal. His health became more fragile thereafter, but his spirit remained strong as ever. 
During hjs retired years in Kortrijk, he took part in three pilgrirnage trips to Lourdes, the 
last time in August 1995 shortly after another stay in hospital. 

Jozef van Boven will be remembred as an extremely channing and modest personali
ty, a most respected colleague and wonderful friend . 

Johan BtLLEN 
Zoological Institute 

University of Leuven 
Naamsestraat 59 

B-3000 Leuven, Belgiwn 
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GRJPHOMYIA 
(DIPTERA, DOLICHOPODIDAE, PELOROPEODINAE) 

A NEW GENUS FROM SOUTHERN THAILAND 

PATRICK GROOTAERT AND HENK J.G. MEUFFELS 

Department of Entomology, Koninklijk Belgisch lnstituut voor Natuw-wetenschappen, 
Vautierstraat 29, B-1000 Brussels (Belgiurn) 

e-mail: grootaert@kbinirsnb.be 

Abstract. Griphomyia gen. nov. with G. gravicaudata sp. nov. as type species, is described from 
rainforest in Southern Thailand. Although it possesses a stalked hypopygium wh ich is considered as 
an ancestral feature, the presence of symmetrically sclerotized pseudotracheae, denticulate epipha
ryngeal prongs, and a wing boss, ail indicate that the new genus is quite derived. The morphology of 
the male gen italia places it rather in the Peloropeodinae with encapsu lated hypopygiwn than in the 
Sympycninae with an apical, sessile hypopygiurn. 

Key words : Diptera, Griphomyia n. gen, Thailand. 

INTRODUCTION 

The empidoid fatma ofSouthAsia is very poorly k:nown. As an example only 9 species 
of Dolichopodidae have been reported up to now from Thailand (DYTE, 1975), a figme 
which should be at least 50 times higher. lt is not surprising, therefore, that even small col
lections yield numerous undescribed taxa. 

The present study is a first contribution to the dolichopodjd fauna of Thai land. Here 
we describe a new species belonging to a new genus. The stalked male genita lia would at 
first suggest that the genus is medeterine but examination of the mouthparts and other 
somatic characters shows that it is not. In fact considering the indistinct delineation of 
many subfamilies (ROBINSON, 1970 ; ULRICH, 1980), it is very difficult to place. The mor
phology of the male genitalia place it rather in the Peloropeodinae with encapsulated 
hypopygium than in the Sympycninae with an apical, sessile hypopygium. 

MATERIAL AND METHODS 

Material was collected by the first author in Sonth Tbailand by net sweeping along the 
banks of small rivers in rainforests. The specimens are preserved in alcohol in the collec
tions of the Koninklijk Belgisch Instituut voor Natuwwetenschappen in Brussels. In the 
description of the hypopygium, the tenus dorsal (D) and ventral (V) refer to the morpho
logical position prior to the rotation of the male genjtalia. 
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SYSTEMATICS 

Griphomyia, gen. nov., Peloropeodinae 

Figs 1-15 

[Gender feminine; derivatio nominis: Gr. ypicpol;,, a riddle] 

Type species: Griphomyia gravicaudata sp. nov. 

1 

2 

Figs 1-2. - Griphomyia gravicauclata gen. nov. sp. nov., male - 1. babi.tus. - 2. beaq. in front. 
(Scale: O. 1 mm) 
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3 

5 

8 

Figs 3-9. - Griphomyia gravicaudata male - 3. anterurn - 4. palp - 5. mouthpart -
6. hypopharynx - 7. tip of hind tibia and metatarsus posteriorly with detai l of multident·icu
late plate ; female - 8. ovipositor laterally - 9. tip ovipo itor dorsally. (Sea le: 0.1 mm) 

Diagnosis 

109 

Small flies (less tban 2 1mn) witb a ratber hunch-baclœd appearance and very sparely 
bristled legs. Vertex rounded, occiput fiat. Pseudotracheae symmetrically sclerotized. 
Antennae short ; arista dorsal. Thorax witb a flattened area in front of scutellum. 
Acrostichals very short, Lrniseriate ; 5 dorsocentrals. Hind coxa witb a feeble exterior bris
tle. Mid femur witb a distinct anterior preapical ; hind femur witb a weak anterior preapi
cal. First segment of hjnd tarsus shorter tban second segment. Hypopygium relatively 
large, talked. Segment VU long, terguni bri tled. 
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11 T VI 

Figs 10-15. - Griphomyia gravicaudata, male genitalia - 10. stalked bypopygiw11 lateraLly 
(D: dorsal; V: ventral) - J 1. bypopygiwn ventra lly, arrow indicates forarnen - 12. aedeagus 
dorsally - 13. aedeagus latera lly, connected to spenn purnp (S) and dorsa l appendage -
14. epandriwn ventrally - 15. tip of dorsal appendage ventra lly (da: dorsal appendage; el: 
epandrial lobes ; by: hypandrium ; p: penis; s : sperm pump; vs: ventra l surstylus; w : wall of 
epandrium). (Sea le: 0.1 mm) 

Description 

' 

Head, seen from in front, nearly round (Fig. 2). Ve1iex evenly rmmded, smpassing 
upper level of eyes, with a low ocellar callus. Upper postcraniurn convex above neck, flat
tened upwards. Frons moderately wide, narrowing towards ante1U1ae. Face narrowing 
downwards beneath antermae and slightly widening again towards clypeus. Palpi and ros
trum small. Pseudotracheae symmetrically sclerotized (Fig. 5). Hypopharynx straight in 
profile; its base widened (Fig. 6). Epipbaryngeal sclerites witb 3 prongs. 2 not very long, 
diverging ocellars ; 2 converging verticals, about as long as the ocellars, inseiied bigh on 



GRJPHOMY!A A NEW GENUS FROM SOUTHERN THAILAND 111 

vertex near eye margins; 2 tiny postocellars; no postverticals. Postoculars very short, uni
seriate. Antennae short (Fig. 3). First segment small, deeper than long, bare. Second seg
ment larger and deeper than first segment, deeper than long, with very short marginal 
bristlets, that are longest on upper side. Third segment short, triangular, with blunt apex; 
arista dorsal. 

Thorax high-vaulted, with a flattened area in front of scutellum. Acrostichals very 
short, uniseria_te. 5 dorsocentrals, the hindmost ofwhich is a little longer than the four pre
ceding ones, that are nearly equal in length. Humerus with 1 bristle and 1 small hair. 
2 notopleurals, 1 posthumeral, 2 presuturals, 2 supraalars, 1 postalar. Scutellum with 2 not 
very long marginais, without laterals. One propleural bristle. 

Legs long, slender, very sparely bristled. Hind coxa with a thin, weak exterior bristle. 
A distinct anterior preapical on mid femur, and a weak anterior preapical btistle on hind 
femur. Mid tibia with 1 anterodorsal and 1 posterodorsal near base. Legs of ô unadorned. 
First segment of hind tarsus sborter than second segment. 

Wing relatively short, with rounded apex. Apical part of m 1 +2 angled slightly upwards 
after tp, running from there to wing tip with a very feeble upward curvature; wing boss at 
middle of apical part ofml+2. r4+5 nearly straight, apically more or less parallel to m1+2. 
Distance between m 1+2 and r4+5 greater than distance between r4+5 and r2+ 3. Anal vein 
present, running close to wing margin. Axillary lobe not developed (Fig. 1). 

Abdomen of ô with 7, of 'i? with 5 visible segments, cylindrical, longer than thorax. 
Hypopygium rather large, stalked (Figs 1, 10). Segment VII long with tergum bristled. 
Epandrial foramen left lateral (Fig. 11). Base of epandrium (Fig. 14) with paired 
appendages, one presumed to be the hypandriurn. Dorsad ofthese appendages a second set 
of long, extensions, probably homologous with the epandrial lobes, eacb composed of a 
basal segment articulating with an apical segment. Hypandrium articulating with base of 
epandrium (Fig. 14). Aedeagus itTegularly multilobed with a central, twisted penis 
(Fig. 12). Dorsal and ventral surstyli present, attacbed to tip of epandrium. Dorsal 
appendage long, with an enlarged tip bearing spines (Fig. 15). Cerci centrally separated, 
square-shaped. Oviscapt with a row of 6 short, broad acantbae (Figs 8, 9). 

Differential diagnosis: 

The new genus can be distinguished from the otber Peloropeodinae by the presence of 
a distinct anal vein whicb rnns parallel to the hind margin of the wing, an undeveloped 
axillary wing lobe and a stalked bypopygium which lies free tmder the preabdornen. 

Griphomyia gravicaudata, spec. nov. 

(Figs 1-1 5) 

Male 

Body length 1.7 mm ; wing length 1.3 mm. 
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Head. Frons and face with blackish ground colour. Eyes nearly touching each other 
below middle of face (Fig. 2). Palpi brown, each with a small, black apical bristlet. 
Rostrum dark brown. Occiput black. Postoculars ail black. Antennae (Fig. 3) dark brown. 
Third segment about as long as deep, triangular, with a rather blunt apex. Arista dorsal, 
more than 3 titnes as long as antenna, shortly pubescent; basal aristal segment more tban 
half as long as third antennal segment. 

Thorax. Mesoscutum and scutellum greenish black, feebly shining. Pleurae brownisb 
black to dark brown, paitly with a green metallic gloss. 

Legs. Fore coxa yellow, mid and hind coxae brown. Legs, including trochanters, yel
low. Tarsi indistinctly darkened towards their tips. Fore leg: coxa anteriorly with few, ve1y 
short, dark hairs; at apex a few short and weak bristles. Trochanter bare. Femur and tibia 
practically without bristles; tibia about as long as femur. Length of tibia and tarsal seg
ments (in mm): 0.35: 0.21: 0.08: 0.07: 0.04: 0.05. Mid leg: coxa anteriorly witb few, very 
short hairs. Trochanter with a very small bristlet. Femur without bristles, except for a dis
tinct anterior preapical and l or 2 tiny posteroventral preapical bristles. Tibia sligbtly 
longer tban femur; 1 anterodorsal and 1 posterodorsal at basal fourth; a few short and th in 
apicals. Length of tibia and tarsal segments (in mm): 0.55: 0.24: 0.15: 0.11: 0.08: 0.07. 
Hind leg: coxa with a black exterior bristle; in some specimens a tiny second bristle. 
Trochanter bare. Femur without bristles, except for a tiny anterior preapical. Tibia slight
ly longer than femur; a tiny anterodorsal at basal fourth; 1 dorsal bristle near apex, pre
ceded by some lengthened hairs. Tip of tibia wilh the usual posteroventral preapical comb 
and in addition a black denticulate plate (Fig. 7). Length of tibia and tarsal segments (in 
mm): 0.53: 0.16: 0.2: 0.15: 0.1: 0.07. 

Wing. Hyaline, ve1y feebly brownish tinged. Tip about half as long as apical part of 
m3+4. Halters yellow. Squamae yellow, with black border, and black cilia. 

Abdomen. Above blackish brown, feebly shjning; stema brownish ; w1sclerotized parts 
yellowish. Hairs on terga minute, black ; hindmarginal bristles extrernely short, black, 
longer only on first tergum. Hypopygium brownish black ; cerc i small, brown. 

Fern ale 

Body length 1.55 mm; wing length 1.3 1m11. 

Resembles the male. Face at its narrowest point about as wide as the distance between 
the ocellar bristles. Palpi and rostrum sligbtly larger than in ô and more yellowish brown. 
Oviscapt yellow, witb a row of 6 small black acanthae (in allotype: 2 black acanthae on 
eacb side, and 2 yellowish acanthae in the middle). 

Type material: 

Holotype male and allotype fema le : Tbailand, Pbang-nga, Ao Luk, l 5.iv.1 996 (swept 
along brook and swamp in rainforest, sample n° 96076 ; leg. P. ÜROOTAERT) . 

Paratypes . 11 Ô , 5 ~ from same sample as bolotype; Pbang-nga, Sa Nangmanora, 
14.iv.1996, 11 Ô, 5 ~ (along water faJls; sample n° 96074), 15 .iv.1996, 10 Ô (sam:ple 
11° 96075) ; Bok kai waterfall s, 4.iv.1996, 2 c3'(sample n° 96022) . 
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DISCUSSION 

lt is not easy to determine the exact phylogenetic position of the new genus since it is 
commonly known that the division of the Dolichopodidae into subfamilies (ROBINSON, 
1970; ULRICH, 1980) is far from satisfactory and the phylogeny of the subfamilies has 
hardly -been studied. The definition of the Medeterinae (BICKEL, 1987a; GROOTAERT & 
MEUFFELS, 1997) is now well delineated although in the genus Medetera problems have 
still to be resolved. Also the Sciapodinae and their position have been clarified by BICKEL 
(1994). The morphology of the mouthparts helps also in the classification of the subfarn
ilies (SATO, 1991 ). 

The presence of a dorsal arista, symmetrically sclerotized pseudotracheae, epipharyn
geal sclerites consisting of three prongs, and the presence of a wing boss ail indicate that 
Griphomyia is a quite derived genus and soit does not belong to the ancestral groups such 
as the Medeterinae (BICKEL, l 987a), Acbalcinae (GROOTAERT & MEUFFELS, l 997b) nor the 
Babindellinae (BICKEL, I 987b ). Nevertbeless, Griphomyia possesses some plesiomorphic 
characters such as the presence of a well sclerotized anal vein, a stalked hypopygium and 
the mesoscutum being flattened in front of the scutellurn. These symplesiomorphies 
should not confuse the phylogeny. They simply persisted. 

We assume that the presence of a wing boss is a unique apomorphic character whjch 
originated only once as a result of the disappearance of vein M2 (BLCKEL, 1994: 28). This 
vein probably disappeared in other groups as well, but, as in the Medeterinae, without 
resulting in a wing boss. ln its turn, the wing boss may disappear as well, as it does in the 
genus Teuchophorus, the sistergroup of Sympycnus, where the boss probably rnoved 
towards the cross vein resulting in a turning up of the base of the apical portion ofvein M 

(MEUFFELS & ÜROOTAERT, 1986). 

Griphomyia seems to fit best in the subfamily Peloropeodinae as proposed by 
ROBEINSON (1970: 56). The latter subfamily is however not accepted by ULRICH (1980), 
who merged it again with the Sympycninae. The sta lked hypopygiurn of Griphomyia is a 
plesiomorphic feature in comparison to the apical , sessile hypopygiurn of rnany 
Syrnpycninae and therefore it would be con:fusing to include Griphomyia into the 
Syrnpycnjnae. ROBINSON (1970) remarks that in the Peloropeodinae, Enlinünae and 
Medeterinae the penjs-aedeagus mechanism is usua lly more di storted in shape and 
restricted to the middle and apica l parts of the J:iypopygiurn . The Diaphorinae and 
Sympycninae, related sistergroups, have a rounded basal and ventra l sw-face along which 
runs the penis-aedeagus system. A thorough revision of the more than 50 genera of the 
Sympycninae is mgently needed in order to redefine the subfamily and its bmmdaries. 

NEGROBOV ( 199 1) sti ll accepts the Peloropeodinae and places even the genus 

Acropsilus in that subfam ily. The latter genus which is very proliferic in the Asiatic region, 

has comparable mouthparts and also a sta lked hypopygium, the stalk composed of a long 
abdominal segment VII. Although there are rnany differences with Griphomyia, both gen
era have a curious dorsal preapical bri stle on the hind tibia (GROOTA ERT & M EUFFEL , in 

litt.) in comrnon. 
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PRESENCE OF DOUBLE SPINES 
ON THE SECOND PREURAL CENTRUM OF THE TURBOT 

(SCOPHTHALMUS MAXIMUS L., 
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(')Service de morphologie fonctionnelle, Institut de Zoologie, 
22 quai de van Beneden, B-4020 Liège, Belgium. 
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Abstract. The literature concerning the presence of double spines on the second preural centrum 
in flatfishes is being reviewed and the different hypotheses proposed to account for this phenomenon 
are presented. A study using laboratoty-reared specimens of the development of the caudal 
endoskeleton of the turbot on gives new data to explain the presence of this feature. Such double 
spines seem to be the result of a fusion during the ontogeny between the third preural centrurn and 
the second preural centmm. 

Key words: Pleuronectiformes, turbot, caudal endoskeleton, development. 

INTRODUCTION 

The caudal endoskeleton of pleuronectiform fishes bas been studied by a large num
ber of authors (BARRfNGTON, 1937; MONOD, 1968; HENSLEY & AHLSTROM, 1984; 
CHAPLEAU, 1993 and fu1ther references therein). Normally, the second preural centrurn 
possesses one neural spine and one haemal spine (Fig . 1), tbese spines often being broad
er tban the other ones. But many autbors showed the freguent occmTence of double spines 
on this centrum, i.e. the second preural centrurn (PU2) possesses two neural spines and/or 
two haemal spines (CHABANAUD, 1937; BARRfNGTON, 1937; FUTCH, 1977; HENSLEY & 
AHLSTROM , 1984). This feature is comrnon in Pleuronectiformes (HENSLEY & AHLSTROM, 
1984) and different hypotheses have been proposed to explain it: 

1) these double spines are the result of the fusion of one epural and one hypural with 
respectively the neural spi ne and the haemal spine of the centrum (COLE & JOT-lNSTONE, 

1902). 

2) these double spines are the result of the fusion of the two last neural arches together 
on the one hand, and of the two last haemal arches on the other hand (BA.R.RINGTON, 193 7). 

3) these double spines are the result of the fusion of the two last preural centra 
(HENSLEY & AHLSTROM, 1984, following ROSEN, 1973). 
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Fig. 1. - Caudal endoskeleton of a young turbot (Scophthalmus maxùnus), 29'" day of devel
opment (SL= 16 mm), left lateral view. The centrum of PU2 bears one neural spi ne and one 
haemal spine. The scale indicates 1 mm. The areas with black circles are carti laginous regions. 
[ep: epural; h.sp: haemal spine; hyp: hypural ; n.sp: neural spine; PU: preural centrum]. 

H ENSLEY & AHLSTROM (1984) stressed that a detai led sw-vey ofthis feature was need
ed. Recently, we have had the opportunjty to study the development of the caudal 
endoskeleton of a pleuronectifo1111 fisb: the turbot, Scophthalmus maxùnus L. , 1758, 
Scophthalmidae. Sorne specimens showed double spines on the second preural centrum. 
The purpose of this paper is to present our results and to give data in order to corrobora te 
or to invalidate these hypotheses and thus to try to expia in the occu1Te11ce of these double 
spines. 

MATERIAL AND METHODS 

Scophthalmus maximus fry were raised in the aquaculture-station of France Turbot
N ATA (Noirmoutiers, France) at 15°C. Batcbes of 40 fry were sampled on days 0 to 31 
and batches of 30 fry on days 33 to 61 post hatching. The fry were fixed in a CaC03 

buffered 10% forma i in solution and were cleared in tlyps i:n. Some of them were sta ined 
with alcian blue to reveal the cartilages and others with alizarine, whicb stai.ns calcified 
bones, according to Taylor and Van Dyke's metbod (1985). lt was possible to staiu the 
most young stages simultaneously with alizarine and alcian. Finally, the fry were stored in 
glycerin. A 6 montb-old specimen was cleared in trypsin, stained wi th alizarine and stored 
in glycerin according to Taylor and Van Dyke's method. The specimens, 270 lai-val and 
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juvenile turbots, have been studied with a binocular Wild MIO Leica dissecting micro
scope at 8x magnification, and a drawing tube. The length from the tip of the snout to the 
posterior margin ofhypural elements(standard length - SL) was measured for each speci
men. 

RESULTS 

The caudal skeleton elements can be detected as early as the l 4'h day after hatching. At 
this stage, they are merely cartilaginous buds. They develop progressively and their ossi
fication begins on the 22"d day. This process first occurs in the centra, at the base of the 
spines and in the median part of the hypurals, consequently, the latter still have both 
extremities, proximal and distal, made of cartilage (Figs 1-2-3). This cartilaginous proxi
mal part is gradually replaced by bone, whereas the cartilaginous distal pait remains for a 
longer time. 123 of our specimens (45%) possess only one haemal spine and one neural 
spi ne on the PU2 centrum at every stage of the development (Figs 1-4-5 ). They are long, 
slender; the neural spines are postero-dorsally directed, whereas the haemal spines are 
postero-ventrally orientated. 55% of the studied specimens show double spines on the se
cond preural centrum (Figs 2-3). On these specimens, the PU2 centrum bears two neural 

ep 

PU3 

... 
..... . 
. . 
: .. 
: . hyp3 + hyp4 

Fig. 2. - Caudal endoskeleton of a young tmbot (Scophthalmus maxùnus), 29'h day of devel
opment (SL= 17 mm), left lateral view. The centnm1 of PU2 bears double neural spine and a 
broader baemal spine. The scale indicates 1 mm. The areas witb black circles are cartilaginous 
regions. [ep: epmal; h.sp: haemal spine; hyp: hyplu-al; n.sp: neural spjne; PU: preural cen
b·um]. 



118 BRUNO CHANET AND FRANCE WAGEMANS 

PU3 

Fig. 3. - Caudal endoskeleton of a 
young turbot (Scophthalmus maximus), 61 " 

day of development (SL =28 mm), left lateral 
view. The centrurn of PU2 bears double neur
al and haemal spines. The scale indicates 
l mm. The areas with black circles are carti
laginous regions. [ ep: epural; h.sp: haemal 
spine; hyp: bypural ; n.sp: neural spine; PU: 

preural centrum]. 

PU3 

PU1 

ep ep + hyp5 

ph 

ep + hyp5 

hyp3 + hyp4 

c.f 

Fig. 4. - Caudal endoskeleton of a young turbot (Scophthalmus maximus), 6 montb of devel
opment (SL = 68 mm), left lateral view. The centnun of PU2 bears one neural spine and one 
haemal spine. The scale indicates l mm. The areas with black circ les are cartilaginous regions. 
[c.f: caudal fin ray; ep: epural ; h. sp: haemal spine; hyp: hypural; n.sp: neural spi.ne; PU: prem
al centrum]. 
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spines and two distinct baemal spines or two neural spines and a very broad baemal spine 
(Figs 2-3). The bases of these double spines are very close together. These specimens are 
not only different from the others by the presence ofthese double spines, but they also dif
fer in the number of vertebrae. The specimens bearing one neural spine and one haemal 
spine on the PU2 centrum possess l 0-11 precaudal vertebrae and 20 caudal vertebrae. 
These numbers are constant, but each specimen which possesses double spines on the sec
ond preural centrum bas only 19 caudal vertebrae. 25 of the studied specimens (9%) show 
no double spines and have 19 caudal vertebrae (Fig. 5). Moreover, the caudal endoskele
ton of ail the specimens is built on the same pattern. They possess five hypurals, one 
parhypural, and two epurals. Hypurals 1 and 2, on the one hand, and hypurals 3 and 4 on 
the other band, are fused in two distinct plates (Figs 1-2-4) and the upper hypural plate 
(formed by the fusion of hypurals 3 and 4) is fused with the centrum of PU I. Before day 
60, each of our young specimens had two epurals (Fig. 2) whereas in older fish, the more 
posterior epural becomes fused with hypural 5 (Fig. 4), as FUTCH (1977) described it in 
Trichopsetta ventralis (GOODE AND B EAN) 1885 (Bothidae). 

9% 19 caud. vert. + 

20 caud. vert. + 

Fig. 5. - Representation of the numecical percentage of the number of the caudal vertebrae 
related to the number of neural and haemal spines on the centnun of PU2 in Scophthalmus 
maximus. 

DISCUSSION 

The presence of double spines on the second preural centrum bas been mentioned by 
many authors, with several explanations proposed. COLE & JoHNSTONE (1902: 194) 
noticed in the plaice (Pleuronectes platessa L. 1758, Pleuronectinae) that: «the posterior 



120 BRUNO CHANET AND FRANCE WAGEMANS 

shafts (of the second preural centrum spines) so closely resemble the succeeding epural 
and hypural respectively as to suggest that one epural above and an hypural below have 
fused to the laminate portions, which latter are undoubtedly sirnilar to and perhaps repre
sent th_e neural and haemal spines in front. A.s, however, we have no positive evidence for 
such a fusion, the spines in question are here described as simple neural and haemal 
spines». BARRTNGTON (1937:468), in his study about the development of the tail in the 
plaice and the cod (Gadus morrhua L. 1758, Gadidae), showed that: «the penultimate ver
tebra (= second preural centrum) comes to bear two dorsal and two ventral arches as a 
result oftheir fusion during development». HENSLEY & AHLSTROM (1984:676) reviewed 
the relationships of flatfishes and considered that the presence of two neural spines on the 
second preural centrum is the result of« a fusion ofthis ve1tebra with an anterior one bear
ing a spine». Actually, they followed RosEN (1973:499): «the fusion of the preural caudal 
centra may exp Iain the presence of two neural spines on the PU2 centrum». ROS EN (1973) 
stressed that this kind of event is frequent within higher euteleostean groups, but HENSLEY 
& AHLSTROM (1984) provided no ontogenetic data to corroborate this vertebral fusion. Are 
these double neural spines or double haemal spines anomalies? The former authors 
stressed the fact that this feature was not so rare and that a detailed survey of their occm
rences was needed. A review of the bibliography shows that this feature has been already 
observed by several authors . CHABANAUD (1937:377) represented the caudal skeleton of 
Samaris cristatus GRAY 1831 (Samaridae), with two neural spines on the PU2 centrum. In 
the same article (:378), a caudal skeleton of Solea solea (= Solea vulgaris QUENSEL 1806, 
Soleidae) is shown with double neural and haemal spines. Usually in this species, the cen
trum bears only one neural spine and one haemal spine (FABRE-DOMERGUE & BrÉTRJX, 
1905; CHAPLEAU & KEAST, 1988). When BERG (1941) described Eobothus vialovi BERG 
1941 , a probable fossil flatfish from the Lower Eocene of Uzbekistan (CHANET & 
SCHULTZ, 1994), he mentioned two haemal arches and two haemal spines on the PU3 and 
PU2 centra. In 1969, AMAOKA, in his study about the Japanese sinistral flatfishes, showed 
doubles spines (haemal and neurnl) on the PU2 centrum of three bothid species: 
Taeniopsetta ocellata (GÜNTHER 1880), Parabothus coarctatus (GILBERT 1905) and 
Laeops kitaharae (SMITH & POPE 1906). H ENSLEY (1977:696) mentioned a particular larva 
of Engyophrys senta GINSBURG 1933 (Bothidae): «one 7.0 mm larva has two neural sp ines 
(unossified) associated with the area of the notochord where the second preural centrum 
develops». SAKAMOTO (1984) showed that some füitfish species possessed two haemal 
spines on the PU2 centrum: one Pleuronectinae (Hippoglossus stenolepis Sct-IMIDT 1904), 
one Rhombosoleinae (Ammotretis elongatus Mc CULLOCH 19 14) and one Samaridae 
(Samariscus latus MATSUBARA & TAKAM UK.I , 1951). FuTCH (1977) indicated that one spec
irnen of Trichopsetta ventralis (Bothidae) showed double neural spi.nes on the PU2 cen
trum. MUNROE (1996) explained the presence of multiple nemal spines (from one to four) 
on the caudal centra of one reversai specimen of Symphurus vanmelleae CHABANAUD 1952 
(Cynoglossidae) as the result of fusion between caudal ve.rtebrae. 

Our data show that, in the turbot, the presence of doub le spines on the PU2 centru.m 
seerns to be the result of a fusion between two centra: the antepenultimate (PU3) and the 
penultimate (PU2) vertebrae, as ROSEN ( 1973) and HENSLEY & AHL TROM (1984) thought. 
This phenomenon is not just the resu lt of the fusi on between the arches as B RRINGTON 
(193 7) indicated. And what about a probable capture of one bypural and one epural ele-
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ment as COLE & JOHNSTONE ( 1902) proposed? If such a mechanism occurred the numbers 
of epurals and hypurals would have been affected and the fishes bearing double spines 
would have possessed a peculiar caudal endoskeleton. But, none of the specimens we have 
examined shows such differences . Although young turbot have two epurals, older fish 
have five hypurals and one epural, and hypural 5 present in the adult is the result of fusion 
between the posterior epural and hypural 5. 

The study of the development of the turbot gives arguments to say that the occurrence 
of double spines on the second preural centrum is the result of the fusion of the third preur
al centrum and the second preural centrum. Such an hypothesis seems to be valid to 
explain the presence of these double spines in the turbot. But, because it is possible to 
think that the double spines present on the penultimate centrum of the plaice (COLE & 
JOHNSTONE, 1902; BARRlNGTON, 193 7) or Trichopsetta ventralis (FUTCH, 1977) may be the 
result of different mechanisms occurring during the development of these fishes , this 
hypothesis bas to be confirmed by ontogenetic studies on some other flatfish species. One 
can argue that these abnonn'!lities are the consequence of the fact that the studied speci
mens were not reared in natural conditions but in laboratory conditions. Many authors 
reported numerous incidences of morphological and skeleton abnorrnalities associated 
with aquacultural practices for flatfishes (HouoE, 1971 ; HEAP & THORP E, 1987 ; 
LAGARDÈRE et al. , 1993). In field sampled specimens, however the presence of double 
spines on the PU2 centnun is not rare. Pending new evidence, the simplest solution to 
explain the presence of double spines on the PU2 centrum in flatfishes is to suppose that 
these features have been formed by the same mechanism as proposed here for the turbot. 
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Résumé. Un nouveau lézard agamidé, Tinosaurus europeocaenus, est décrit dans !'Eocène infé
rieur du gisement de Dormaal (Belgique). D'autres Agamidae de !'Oligocène français Uromastyx 
europaeus et Agama galliae sont révisés et leur diagnose amendée. Ainsi, le genre Quercygama nov. 
gen. est proposé pour A. galliae. Les fossiles d' Agamidae en Europe sont peu nombreux et peu diver
sifiés et la présence de cette famille sur ce continent peut être expliquée par une série d'invasions 
depuis l'Asie (ou l'Afrique). 

Mots clefs: Agamidae, Tin.osaurus, Eocène, Oligocène, Europe. 

Tm: AGAMIDAE (RE PTILIA, SQUAMATA) fROM THE PALEOGENE 

OF WESTERN E UROPE 

Abstract. A new agamid !izard, Tinosaurus europeocaen.us is described in the lower Eocene 
from Dormaal (Belgiurn). Other agamids from the French Oligocene, Uromastyx europaeus and 
Agama galliae are revised and their diagnoses are emended. The new genus Quercygama is propo
sed for A. galliae. The agamid fossil record of Europe is generally less diversified than in other !izard 
families and it is argued that the presence of Agamidae in Europe results from recu.rrent as ian (or afri 
cao) dispersals. 

Key words : Agamidae, Tinosaurus , Eocene, Oligocene, Europe. 

INTRODUCTION 

On co011aît des restes d ' Agamidae dans l 'Eocène inféri eur emopéen depuis les travaux 
de R EC HT & HOFFSTETTER (1962) (voir aussi GODINOT et al. , 1978). HE HT & 
HOFFSTETTER attribuèrent ces fossiles au genre Tina aurus Marnh, 1872 pour lequel on ne 
di spose pas actuellement de diagnose bien établi e, quoique l' 011 ait défini plusiems 
espèces à l ' intériem du genre, notamment dan le Paléogène (swtout !'Eocène) 
d 'Amérique du Nord et d 'Asie (MARSH, 1872 ; GILMORE, 1943 ; Hou, 1974 ; DONG, 1965 ; 
Lt, 1991a). Ultérieurement, on a retrouvé des reste d'Agamidae, toujours attribués au 
genre Tinosaurus, dans d '. autres gisements de l'Eocène inférieur d 'Europe occidentale: 
Condé-en-Brie, Avenay, Mutigny, Sézanne (MP8+9 ; Avot, 1990) et Prémontré (MP l O; 
RAGE & AUGÉ, 1993). Dans le nouveau matériel de Donnaal, récolté par R. SMlTH, figu-
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rent quelques mâchoires d'Agamidae en bon état, des dentaires notamment, qui permet
tent de préciser la position systématique de ce lézard. Ces nouveaux fossiles se prêtent à 
des comparaisons, notamment avec les espèces déjà décrites et attribuées à Tinosaurus. 
Une diagnose de ce genre est proposée ici à partir de ces comparaisons et on revoit briè
vement la validité de l'ensemble des attributions d'espèces proposées dans le genre 
Tinosaurus. Après un hiatus qui commence au début de !'Eocène moyen et se prolonge au
delà de-la Grande Coupure Eocène/Oligocène, on retrouve des Agamidae dans! 'Oligocène 
des Phosphorites du Quercy où deux espèces ont été décrites, Agama galliae Filbol, 1877 
et Uromastyx europaeus de Stefano, 1903. Cette dernière espèce a déjà fait l'objet d'une 
révision (AUGÉ, 1988) et elle ne sera que succintement évoquée. Des doutes récurrents ont 
été émis sur l'identité générique de Agama galliae (Mooov, 1980 ; ESTES, 1983a) et cette 
question est abordée dans ce travail. 

Les Agamidae font partie de la super-famille des Acrodonta, qui comprend, selon 
ESTES et al ( 1988) et FROST & ETHE RIDGE ( 1989) les Chamaeleonidae, les Agamidae et les 
Priscagamidae du Crétacé asiatique (BoRsUK-BlALYNlCKA & Mooov, 1984 ; ALIFANOV, 
1989). La monophylie des Agamidae n'est pas acquise, ce taxon pownit être para- ou 
polyphylétique, bien que l'une des deux versions du cladogramme des Acrodonta propo
sé par FROST & ETHERIDGE (1989), «topology 2» suppmie la monophylie des Agamidae. 

ABRÉVIATIONS 

lRScNB : Institut royal des Sciences naturelles de Belgique, Brnxelles. 
MNHN: Museum national d 'Histoire naturelle (Paris). 

UCBL: Université Claude Bernard, Lyon. 
USTL: Université des Sciences et Techniques du Languedoc, Montpellier. 

ÉTUDE SYSTÉMATIQUE 

- ORDRE SQUAMATA ÜPPEL, 1811 
- SurER-FAMILLE AcRODONTA CorE, 1864 
- FAMILLE AGAMIDAE GRAY, 1827 

Genre Tùwsaurus Marsh, 1872 

Espèce type: Tinosaurus stenodon Marsh, 1872 

Diagnose amendée. Dentaire de forme générale allongée et assez grêle. Dentition pos
térieure acrodonte subacrodonte avec l' apex des dents triconodonte. P résence de plusieurs 
dents pleurodontes à l 'avant du dentaire, l' une d 'elles pouvant être caniniforme. Sur le 
dentaire et sous la rangée dentaiTe existe un plateau dentaire bien marqué mais la base des 
dents acrodontes ne s'implante pas jusqu'à hü. Le sulcus Meckeli est ouvert à la fois 
mésialement et ventralement, au moins à l'avant du dentaire. Sur le maxillaire la paiiie 
antérieure des processus prémaxillaires ne se relève pas. Le processus palatin du maxil
laire est bien développé. 
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Composition spécifique. T stenodon Marsh, 1872; T pristinus Leidy, 1872; T dou
muensis Hou, 1974; T europeocaenus nov. sp.; ?T lushihensis Dong, 1965; ?T yuan
quenSis Li, 199la. 

Tinosaurus europeocaenus nov. sp. 

(Fig. 1) 

Fig. I. - Tinosaurus europeocaenus nov. sp., dentaire, holotype, Eocène inférieur, Dor
maal , fRScNB, n° R 202. la: vue linguale; lb: vue dorsale; le: vue labiale. X 12,5 

Holotype. Un dentaire gauche, partie postérieure abîmée, IRScNB R202, Fig. 1 a-c . 

Localité type et âge. Dormaal, Belgique. Eocène inférieur, niveau MP7 de l' échelle 
biochronologique des mammifères paléogènes d 'Europe (voir SMJTH & SM1TH, 1996). 

Extension géographique et stratigraphique. Nord-Ouest de l' Europe, gisements de 
Dormaal (MP7), Avenay (MP8+9), Mutigny (MP8+9) , Condé-en-Brie (MP8+9), 
Prémontré (MP J.O) . Eocène inférieur, du niveau standard de Dormaal (MP7) à celui de 
Grauves (MP l 0). 

Derivatio nominis . Contraction de Europe et Eocène, qui indique la répartit ion géo
graphique et stratigrapique de l'espèce. 



126 MARC AUGE ET RICHARD SMITH 

Matériel. Dormaal (MP7), collection R. Smith, un dentaire gauche complet, Fig. 1 a
c (IRScNB R202), trois dentaires gauches incomplets, un dentaire droit incomplet (DIII 
S), un dentaire droit incomplet, un maxillaire gauche incomplet (DIII RS), treize frag
ments de mâchoires dont trois dentaires gauches incomplets, trois dentaires droits incom
plets, un maxillaire incomplet (DIIC RS). Dormaal, collection D. Delsate, un fragment de 
dentaire gauche. Avenay (MP8+9), partie antérieure d 'un dentaire gauche, MNHN, AV 
16464, fig. 3 in AUGÉ (1990). Mutigny (MP8+9), un maxillaire droit incomplet, MNHN, 
MU 16466, fig. 4 in AUGÉ (1990). Condé-en-Brie (MP8+9), partie postérieure d'un den
taire droit, MNHN, CB 16437, fig. 2 in AUGÉ (1990); un dentaire gauche et un maxillai
re fragmentaires. Prémontré (MP 10), un maxillaire incomplet. 

Diagnose. T europeocaenus diffère des autres membres du genre Tinosaurus par la 
présence d'un sulcus Meckeli assez largement ouvert à l'arrière du dentaire ; par le faible 
développement du rebord mésial au niveau du bord ventral du dentaire ; par la forme très 
allongée du dentaire. La morphologie des dents acrodontes sépare aussi T europeocaenus 
des autres espèces du genre: ces dents portent des cuspides latérales importantes et sont 
largement séparées l'une de l'autre chez T europeocaenus. 

Description 

Dentaire. La description concerne principalement l'holotype de l'espèce. Le bord ven
tral du dentaire est droit alors que le bord dorsal s'élève régulièrement de l'avant vers l'ar
rière. Autrement dit, le dentaire s'élargit régulièrement de l'avant vers l'arrière, bien que 
sa forme générale reste effilée. Il existe cinq foramens labiaux, le dernier est le plus impor-

~ tant et il s'ouvre sous la neuvième position dentaire (comptée à partir de l'avant). 
Labialement, une ligne concave vers le haut sépare une surface inférieure, convexe vers 
l'extérieur, d'un plan supérieur, d 'aspect rugeux, incliné labio-ventralement à linguo-dor
salement. Des sillons occlusaux, verticaux, peu profonds et situés entre les dents, divisent 
incomplètement cette surface. Postérieurement, le dentaire s'étend bien au-delà de la ran
gée dentaire. Quelques fossiles incomplets de Donnaal (niveaux DIII et DIIC) permettent 
d 'observer la terminaison dorso-postérieure de l'os. Après la dernière dent, la paroi dor
sale du dentaire se relève légérement pour former une ébauche de processus coronoïde qui 
ne s'élève pas au-delà de l'apex des dents. Une dépression importante occupe toute la face 
labio-postérieure du dentaire, après le niveau de la dernière dent et correspond certaine
ment au contact avec les os post-dentaires. En vue linguale, le bord ventral du dentaire ne 
produit qu 'un léger rebord interne, ce qui laisse le sulcus Meckeli exposé ventralernent sur 
toute son étendue. Le sulcus Meckeli s'ouvre largement à l'arrière et il se rétrécit très gra
duellement jusqu'à la symphyse. D 'abord dirigé ventro-mésialement, il prend une orien
tation purement ventrale sous la symphyse. Au-dessus du sulcus Meckeli, on observe un 
relief arrondi, représentant une lame horizontale réduite. A l'arrière, cette lame horizonta
le est interrompue par une surface verticale qui correspond certainement à nn bord de 
contact avec le processus antérieur du coronoïde qui devait donc largement déborder sur 
le dentaire du côté lingual. La partie dorsale de la lame horizontale forme une sorte de pla
teau dentaire peu étendu mésialement. 
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La dentition, de type acrodonte, compte quatorze emplacements dentaires mais la ran
gée dentaire n'est peut-être pas complète. A l'avant subsistent quatre dents pleurodontes, 
à l'apex pointu, les deux premières étant recourbées vers l'arrière et elles prennent une 
morphologie caniniforme. La quatrième et la cinquième dents conservfos représentent des 
formes de passage entre les types pleurodonte et acrodonte. Les dents suivantes, nettement 
tricuspides, peuvent être qualifiées d'acrodontes bien que leur implantation soit fortement 
décalée vers le bord lingual du dentaire. Plutôt que de type acrodonte, on pourrait parler 
de morphologie «subacrodonte» (AUFANOV, 1989), les bases des dents étant toujours 
beaucoup plus exposées lingualement que labialement sur les fossiles de Donnaal. Les 
dents adjacentes restent largement séparées l'une de ) 'autre et les bases dentaires ne se 
confondent pas. Elles se souderit à la surface linguale du dentaire, sans jamais atteindre le 
plateau dentaire vers le bas. La taille des dents augmente régulièrement de ) 'avant vers 
l'arrière. 

Maxillaire. Aucun des maxillaires disponibles n ' est complet et on n'en connaît l'ex
trémité antérieure et l'extrémité postérieure que par les descriptions de RECHT & 
HOFFSTETTER (1962). La partie antérieure du processus dorsal, partiellement conservée, 
montre qu'il devait s'élever en pente douce à partir de l 'avant du maxillaire. En vue dor
sale, le bord supérieur de la lame horizontale se réduit à un profond sillon dans sa partie 
antérieure, alors qu'il s'élargit pour former une sorte de plateau mésial dans la paiiie cen
trale du maxillaire où se développe un processus palatin bien marqué. La dentition , ne dif
fère pas de celle du dentaire, tout au moins si l'on se réfère à la morphologie des dents 
acrodontes. Une seule dent pleurodonte semble conservée à l' avant de la rangée dentaire 
(spécimen DIIIR12), mais celle-ci n'est peut-être pas complète. RECHT & HoFFSTETTER 
(1962) ont donné. une description détaillée de la partie antérieure (processus prémaxillai
re) d'un maxillaire de Dormaal , aujourd'hui non di sponible. L'essentiel en est repris ici: à 
l' avant, le maxillaire émet u.ne lame interne subhorizontale, légèrement concave dorsale
ment, qui fomnit une large articulation transversale pour le prémaxillaire. Ajoutons que ce 
maxillaire portait treize dents, apparemment sans canines à l'avant. 

Variations. L'ensemble des fossiles disponibles a tme morphologie rernai·quablement 
homogène. Cependant, un dentaire incomplet de Dormaal (niveau DUC) porte une impor
tante protubérance sur sa face ventrale, près de la symphyse et s'étendant partie llement sur 
la face labiale. Cette pachyostose est anormale et paraît liée, soit à une anomalie du déve
loppement, soit à w1 processus de régénération après lésion. 

Discussion 

L'existence de dents pleurodontes, caniniformes, à l' avant du dentaire des espèces de 
Tinosaurus , écarte ce genre des Chamaeleonidae. Il reste deux fam illes auxquelles pour
rait appartenir T europeocaenus, les Agamidae et les Priscagamidae, ces derniers connus 
uniquement à l 'état fossile dans le Crétacé supérieur asiatique. T europeocaenus présente 
quelques caractères gui semblent le rapprocher des Priscagainidae, avec son sulcus 
Meckeli assez largement ouvert postérieur ment, l'existence d'une lame horizontale et 
d 'un plateau denta ire bien défini s. Mais on retrouve w1e morphologie semblable, voir 
identique chez ce1iains Agamidae actuels (MOODY, 1980). Le splénial des Priscagamidae 
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est très étendu vers l'avant, mais cet os manque dans le matériel de T europeocaenus. 
D'ailleurs, l'absence du splénial chez T europeocaenus fait plutôt pressentir qu'il ne 
devait pas être très développé et que sa surface de contact avec le dentaire étàit limitée. 
Aussi, nous considérons que le genre Tinosaurus appartient aux Agamidae, opinion adop
tée par tous les auteurs qui l'ont étudié précédemment (voir ESTES, 1983a). 

L'absence de processus coronoïde bien formé sur le dentaire exclut une affinité étroi
te entre T europeocaenus et le genre actuel Uromastix, ainsi qu'avec Pseudotinosaurus, 
défini par ALIFANOY (1993) à partir de l'espèce Tinosaurus asiaticus Gilmore, 1943. 

T europeocaenus diffère de tous lesAgamidae actuels par la large ouverture du sulcus 
Meckeli à l'arrière du dentaire, par la quasi-absence de rebord mésial au niveau de la par
tie ventrale du dentaire, amenant une ouverture ventro-linguale du suJcus Meckeli et, selon 
RECHT & HoFFSTETTER (1962), par l'absence de bord montant à l'avant des processus pré
maxillaires du maxillaire. D'autres caractères, en partie observables sur quelques 
Agamidae actuels, paraissent très développés chez T europeocaenus. Il s'agit de la pré
sence de dents fortement triconodontes à l'arrière de la rangée dentaire; de l'implantation 
subacrodonte de ces dents; de l'existence d'un net plateau dentaire sous la rangée dentai
re, bien que la base des dents acrodontes ne viennent pas s'implanter sur lui ; de l' impor
tance du processus palatin du maxillaire. L'ensemble de ces dispositions nous conduit à 
proposer la diagnose du genre Tinosaurus et celle de l'espèce de Dormaal. 

Deux espèces, Tinosaurus pristinus Leidy, 1872 et T stenodon Marsh, 1872 ont été 
décrites dans !'Eocène d'Amérique du Nord. Selon les figures de GILMORE (1928, plate II, 
fig. 16) et de HECHT (1959, fig. 1 OC, p. 55 in ESTES, 1983a), T pristinus et T stenodon ont 
un dentaire assez effilé, des dents acrodontes tricuspides et un plateau dentaire nettement 
détaché sur la face linguale du dentaire bien que la présence de dents antérieures canini
formes ne puisse être vérifiée. Ces deux espèces entrent donc effectivement dans le domai
ne de définition du genre Tinosaurus. Le dentaire de T doumuensis Hou, 1974, du 
Paléocène chinois paraît très proche de celui de T europeocaenus; seule ! 'absence d'un 
plan orienté ventro-labialement à dorso-lingualement sur la face labiale du dentaire chez 
T doumuensis sépare ces deux espèces, si l' on s'en tient aux caractères visibles sur les 
figures de Hou (1974, fig. 6, p. 198). Quant à T lushih f!nsis Dong, 1965 de !'Eocène de 
Chine, sa dentition serait particulière, avec des dents acrodontes comprimées transversa
lement. L'absence de dents caniniformes sur le dentaire et le maxillaire exclut cette der
nière espèce du genre Tinosaurus , ce que ESTES (1983a) avait déjà remarqué. Cependant 
L1 ( 1991 b) a revu la mâchoire ho Io type de T lushihensis et il écrit que ses dents acrodontes 
sont compressées latéralement, non transversalement, donc semblables à celles des 
Tinosaurus spp. et de l'ensemble des Agamidae. 

L1 (1991a) définit une nouvelle espèce, T yuanquensis dans !'Eocène supérieur chi
nois. La forme effilée de la partie antérieure du dentaire, seule conservée, la présence de 
quatre dents pleurodontes, dont la dernière caniniforme, ainsi que les dents acrodontes, 
nettement tricuspides, indiquent que cette espèce appartient effectivement au genre 
Tinosaurus. Les caractères retenus dans la diagnose de l' espèce T yuanquensis paraissent 
néanmoins discutables et ils sont plesiomorphes à l'intérieur du genre Tinosaurus , ce qui 
conduit à mettre en doute la validité de ce taxon. 
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Genre Uromastyx Merrem, 1820 

Espèce type: Uromastyx spinipes Merrem, 1820 

Uromastyx europaeus (de Stefano, 1903) 

1903 : Palaeochamaeleo europaeus; DE STEFANO, p . 391-393, Tav. IX, fig. 7-12. 

1955 : Uromastyx?; HOFFSTETTER, p. 618. 

1962: Uromastyx?; HOFFSTETTER, p. 252. 

1980: Uromastyx europaeus; MooDY, p. 338. 

1980: Palaeochamaeleo; MooDY & RocEK, p. 85-86. 

1983a : nomen dubium; ESTES, p. 56. 

1986: Uromastyx europaeus; AUGE, p. 30, fig. 15-16, p. 42. 

1988: Uromastyx europaeus; AUGE, p . 317-325, fig. 1-3. 

1993: Palaeochamaeleo; ALIFANOV, p. 150. 

1993: Uromastyx europaeus; RAGE & AUGE, p. 200. 
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Lectotype. Un dentaire droit, fig. 12 in DE STEFANO (1903) anciennes collections du 
Quercy, MNHN, N° QU17160 (l'holotype désigné par ESTES, 1983a est en réalité un lec

totype puisque DE STEFANO, 1903, dans sa description originale, avait pris deux syntypes, 
un dentaire droit et un dentaire gauche, QU17161, fig. 7&12 in DE STEFANO, 1903). 

Localité type et âge. Phosphorites du Quercy, gisement précis incornm. Oligocène. 

Extension géographique et stratigraphique. Espèce connue unjquement dans les 

Phosphorites du Quercy, gisements de La Plante 2 et de Mas de Got B, niveau standard de 

Villebramar (MP22), transition entre l'Oligocène inférieur et !'Oligocène moyen. 

Matériel. Anciennes collections du Quercy (gisement précis inconnu) : trois dentaires 
et quatre rnaxrnaires incomplets (QU 17183-17189). Nouvelles réco ltes du Quercy: La 
Plante 2 (MP22), un dentaire et un maxillaire très incomplets, deux vertèbres dorsales; 
Mas de Got B (MP22), un dentaire incomplet. 

Diagnose amendée. Le dentaire de Uromastyx europaeus se djstingue de celui des 
formes actuelles par son sulcus Meckeli assez large à l'aJTière et qui s'ouvre ventro-labia

lement sur toute sa longueur. Le bord ventral du dentaire ne produit qu'un faible rebord 

mésial. Au njveau de la symphyse mandibulaire, le dentaire a un bord ventral assez incli

né. L'incisure coronoïde, qui échancre la partie postérieme du dentaire, est peu dévelop

pée. U. europaeus diffère aussi de Pseudotinosaurus asiaticus par son bord ventral recti

ligne et de Qianshanosaurus par la forme générale beaucoup moins massive de son den

taire. Les caractères suivants ne sont pas diagnostiques de l ' espèce majs ils pennettent de 

séparer le genre Uromastyx des autres Agamidae: il n'y a pas de dents pleurodontes à 
l' avant des mâchoires. Il existe un processus coronoïde bien développé sm le dentaire . Le 

mode d ' usure des dents acrodontes, aveG formation d ' une vallée a llongée antéro-posté
rieurement sur l' apex, paraît aussi propre au genre Uroma tyx. 
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Discussion 

Selon FROST & ETHERIDGE (1989) les genres Uromastyx et Leiolepis Cuvier, 1829 
constituent, à eux-deux, une sous-famille à l'intérieur des Agamidae, les Leiolepidinae 
FITZrNGER (1843) (= Uromastycinae de THEOBALD, 1868 ou MOODY, 1980). 

Les caractères de U. europaeus qui autorisent son affiliation au genre Uromastyx ont 
déjà été discutés ailleurs (Mooov & RocEK, 1980; AUGE, 1986, 1988). Nous n'y revien
drons pas. Cependant, ALIFANOV (1993) a commenté l'attribution de cette espèce au genre 
Uromastyx. Suivant son opinion, acquise sur la foi des figures publiées pour U. europaeus, 
il existe des différences morphologiques entre la dentition acrodonte de cette fonne et 
celle des espèces d' Uromastyx actuels. ALIFANOV (1993) va même plus loin et suggère un 
rapprochement avec le genre Qianshanosaurus Hou, 1974, du Paléocène chinois. 
Rappelons que Hou (1974) plaçait cette forme dans les Iguanidae et que ESTES (l 983a) en 
fait un Lacertilia incertae sedis . 

Le mode d'usure de l'ensemble de la rangée dentaire chez le fossile du Quercy, avec 
une zone antérieure complètement abrasée, le non-remplacement des dents acrodontes 
usées et l'apparition de nouvelles dents acrodontes à l' arrière de la rangée dentaire, est 
conforme aux descriptions de COOPER et al. , 1970, COOPER & POOLE (1973) et de 
RoBrNSON (1976) concernant les espèces d' Uromastyx actuels. De nouvelles dents acro
dontes, non usées, sont présentes à ('arrière de la rangée dentaire de quelques-uns des fos
siles du Quercy. Ces dents sont petites, leur forme générale est celle d 'un cône comprimé 
linguo-labialement. Leur apex fonne un bord arrondi , allongé antéro-postérieurement et 
sans cuspide ni trace d'épaulement latéral. Les dents suivantes (en allant vers la partie 
antérieure de la rangée dentaire) sont plus grandes et commencent à montrer des traces 
d' usure occlusale. Celles-ci débutent sur l'apex de la dent qui se creuse en son centre, 
détenninant une vallée allongée antéro-postérieurement. Cette vallée s'approfondit de plus 
en plus sur les dents suivantes, en même temps que son flanc labial tend à disparaître, 
l'usure étant plus forte du côté labial que du côté lingual. Sur les dents acrodontes anté
rieures, 1 ' apex redevient simple, tout le flanc labial de la dent ayant été usé, les traces d' oc
clusion s 'étendant alors jusque sur le flanc labial du dentaire, entre les dents . On retrouve 
ce type d'usure, avec formation d 'une vallée apicale chez les espèces d' Uromastyx actuels 
et il paraît unique chez les Agamidae. On pouffait donc avoir affaire à une apornorphie du 
genre Uromastyx, sinon de la sous-famille. L'espèce décrite ici reste dans le geme 
Uromastyx . 

Genre Quercygama nov. gen. 

Espèce type. Quercygama galliae (Filhol , 1877) 

Diagnose. Quercygama se distingue des autres genres d ' Agarnidae par la grande 
extension vers ! 'avant de l'apophyse antéro-linguale du coronoï€1e. Celle-ci s 'allonge jus
qu 'au niveau de la sixième dent acrodonte (comptée à partir de l ' arrière), c 'est-à-dire pa 
très loin du milieu de la rangée dentaire. Cette apophyse coronoïde dépasse vers l 'avant 
l'extrémité antérieure de l'angulaire. La partie antérieure de ces deux os est en contact sur 
une courte distance au-dessus du sulcus Meckeli. Le splénia l, très réduit, ne s ' insinue pas 

.. 
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entre le coronoïde et l'angulaire. Les caractères suivants ne constituent pas à proprement 
parler des apomorphies, mais ils peuvent être utiles pour distinguer Quercygama des 
autres Agamidae: forme allongée et grêle du dentaire; présence de trois dents pleuro
dontes à ! 'avant de la rangée dentaire, dont la dernière est caninifonne tout en restant de 
dimension modeste; sulcus Meckeli qui s'ouvre ventro-lingualement à l'avant du de~tai
re. 

Quercygama galliae (Filhol, 1877) 

(Fig. 2) 

2a 

Smm 

2 b 

Fig. 2. - Quercygama galliae, dentaire, holotype, Oligocène, Phosphorites du Quercy, 
MNHN, n° QU 16560. 2a: vue labiale; 2b : vue linguale. 

1877: Agama galliae; FJLHOL, p. 485, fig. 427 . 
1877: Plestiodon galliae ; FILHOL, p. 588, fig. 426 (errata: Agama galliae, p. 559). 
l 983a : Agama? galliae; ESTES p. 53 , fig . lOB. 
1986 : Agama galliae; AUG E, 1986 
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1993: Agama galliae; RAGE & AUGE, p. 209. 
1995: Agama galliae; AUGE & RAGE, p. 16, fig . 3-5. 

Holotype. Un dentaire droit légèrement abîmé du côté postérieur. Anciennes collec
tions du Quercy, MNHN, QU16560, fig. 427 in FlLHOL (1877; fig. lOB, p." 55) in ESTES 
( l 983a; fig. 19, p. 44) in AUGE (1986; fig. 3-5) in AUGE & RAGE ( 1995). 

Localité type et âge. Phosphorites du Quercy, sans précision de gisement. Oligocène. 

Extension géographique et stratigraphique. Connue dans les Phosphorites du Quercy 
uniquement, gisements du Garouillas (MP25) et peut-être de Roqueprune (MP23), 
Oligocène moyen. 

Matériel. Ancien matériel du Quercy; holotype uniquement; Garouillas (MP25); un 
fragment de dentaire (USTL, GAR2618) et un fragment de maxillaire (USTL, GAR26 l 9), 
fig. 3-4, p. 16 in AUGÉ & RAGE ( 1995). ?Roqueprune (MP23), un fragment de dentaire 
(IRScNB). 

Diagnose. La même que celle du genre. 

Description 

Dentaire. Le dentaire holotype de Quercygama galliae a déjà été figuré à de nom
breuses reprises et le lecteur pouITa se reporter aux publications citées plus haut. Il paraît 
cependant utile d'en reprendre la description, au moins pour les points qui peuvent éclai
rer la diagnose. 

Le dentaire a une forme générale allongée et assez grêle, en cela il évoque celui du 
genre Tinosaurus. Le bord ventral du dentaire est presque rectiligne et il produit tlll fort 
repli du côté lingual qui limite ventralement le sulcus Meckeli. Sur la face linguale, le sul
cus Meckeli reste étroit sur toute son étendue, son ouverture est d 'abord linguale à l'ar
rière et elle devient linguo-ventrale près de la symphyse. Le splénial (s' il s'agit bien de cet 
os) n'est que très peu développé et il ne dépasse pas antérieurement le niveau de la der
nière dent de la rangée dentaire. Par contre, ! 'angulaire couvre la partie ventro-postérieu
re du sulcus Meckeli alors que ! 'apophyse antérieure du coronoïde couvre sa partie dorso
postérieure jusqu'à un niveau proche du milieu de la rangée dentaire. Il ex iste une lame 
horizontale bien marquée au-dessus du sulcus Meckeli , au moins dans la pa1tie antérieure 
du dentaire. Celle-ci délimite un plateau dentaire assez large à! 'avant, où il reçoit la base 
des dents pleurodontes. Le plateau dentaire tend à s'effacer dans la partie postérieure de 
l'os. En vue labiale, le bord dorsa l du dentaire porte des traces d'usure occlusale assez pro
fondes, entre les dents acrodontes. 

La dentition compte trois dents antérieures pleurodontes, la troi sième, visible sur un 
dentaire du Garoui ll as (fig. 3, p. 16 in AUG E & RAGE, 1995) prend même une morpholo
gie caniniforme, bien qu'elle reste de petite taill e. Les dents suivantes, au nombre de neuf, 
sont acrodontes, serrées, en contact étroit par leur base. Un espace qui ne porte que des 
dents usées les sépare des premières dents. Leur forme générale est triangulaire, l 'gère
ment comprimée linguo- labialement, avec un apex plutôt arrondi, ans cu pide ni épaule
ment, sauf sur la dernière dent qui porte deux petites cuspides antérieme et postériew·e. 
Cette dernière dent ne montre pas de trace d 'usure occlusale, contrairement aux dents q1ù 
la précèdent et l' on peut penser que les cuspides disparaissent rapidement lorsque le pre-
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mières traces d'usure érodent la dent. L'implantation se fait sur l'apex de la crête dentai
re, mais avec un léger débordement vers le bord lingual. La base des dents acrodontes n'at
teintjamais le plateau dentaire et elle n'est percée par aucun foramen nourricier (foramen 
de remplacement, selon WHITESIDE, 1986). 

Maxillaire. Le seul fossile connu est un fragment antérieur de maxillaire gauche du 
gisement du Garouillas (fig. 4, p. 16 in AUGE & RAGE, 1995). Cet os, de .proportions sem
blables à celle du dentaire, porte au moins une dent pleurodonte, suivie par des dents acro
dontes sans cuspide. 

Discussion 

Les dents pleurodontes, présentes à l'avant des mâchoires de Quercygama galliae, 
montrent que nous avons affaire à un Agamidé. Tous les auteurs qui ont eu à discuter les 
relations de ce fossile (FILHOL, 1877 ; DE STEFANO, 1903; HOFFSTETTER, 1955 ; MOODY, 
1980; ESTES, 1983a) l'ont toujours considéré comme un Agamidé. Sa place parmi les 
genres actuels et fossiles d' Agamidae s'avère plus difficile à établir et MOODY (1980), par 
exemple, pense que la fonne du Quercy appartient, soit à Agama, soit à Stellio, lui-même 
ayant revalidé ce dernier genre créé par BOULENGER ( 1885). 

On peut tenir pour ce1iain que Quercygama galliae n' appaiiient pas au genre 
Tinosaurus , malgré une ressemblance superficielle dans la forme générale de leur dentai
re. Les espèces appartenant au genre Tinosaurus ont des dents triconodontes avec une 
implantation débordant nettement vers le côté lingual, un sulcus Meckeli élargi à l 'anière 
et un bord ventral du dentaire ne se repliant que légèrement du côté lingual. Tous ces 
caractères s'opposent à ce que l'on observe chez les Quercygama. spp. Le genre actuel 
Agama n'a pas non plus de dents triconodontes, quoique les nouvelles dents fom1ées à 
l'arrière de la rangée dentaire puissent comporter une petite cuspide. Précisément, la tri
conodontie varie avec l'âge de l' individu (SŒBENROCK, 1885) et elle s'atténue chez l' adul
te, ce qui jette un doute sur la fiabilité de ce caractère, sauf lorsqu'il est exprimé très net
tement, comme chez Tinosaurus. Quercygama galliae partage l'ouverture vent:ro-lingua
le du sulcus-Meckeli à l'avant du dentaire avec les genres actuels Agama et Stellio, alors 
que chez les autres Agamidae, le sulcus Meckeli s'ouvre uniquement sur la face Linguale 
(MooDY, 1980). Cependant, la disposition des os post-dentaires (splénial, angulaire, coro
noïde), sur la face linguale de la mandibule de Quercygama galliae paraît unique à l' inté
rieur des Agamidae. Elle est, à tous égards, bien différente de celle de Agama et Stellio , 
chez qui l' apophyse antéro-linguale du coronoïde ne s'étend pas au-delà de la tro isième 
position dentaire (comptée à partir de l'arrière) . Chez tous les Agamidae examinés, l'ex
trémité antéri eure de l'angulaire dépasse l'extrémité antérieure de l'apophyse coronoïde, 
alors que l'on trouve la disposition inverse chez Quercygam.a galliae. Le splénia l, s' il 
existe, se réduit à un simp le triangle qui ne s ' insinue pas entre l'angulaire et le coronoïde, 
si bien que ces deux derniers os se trouvent en contact chez Q. galliae, à la d.ifféreuce des 
autres Agamidae. Ces caractères morphologiques m>liques parmi les Agamidae peuvent 
être considérés comme des apomorphies et ngus permettent de proposer un genre nouveau, 
Quercygama, pour recevoir l ' espèce créée par FILHOL (1877). 
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Matériel retiré de l'espèce Q. galliae: 

Un frontal des anciennes collections du Quercy (fig. 20, p. 44 in AUGE, 1986) avait été 
attribué à l'espèce Agam a galliae. Deux raisons s'opposent à une telle appartenance: chez 
les Agamidae (Mooov, 1980), la terminaison antérieure du frontal a la forme d'une four
chette, avec une apophyse médiane qui s'insinue entre les os nasaux. Cette apophyse 
n'existe pas sur le fossile du Quercy. D'autre part, un examen attentif de la face dorsale de 
ce frontal révèle une encoche ovale, située mésialement, près du bord postérieur de l'os. 
Cette encoche ne peut correspondre qu'à l'emplacement du foramen pariétal, pas totale
ment ouvert sur cette pièce. Or le foramen pariétal ne s'ouvre pas chez certains Iguanidae 
et, à l'intérieur des Lacertilia, il ne se trouve sur le frontal que chez une sous-famille des 
lguanidae, les Corytophaninae (= Corytophanidae, FROST & ETHERIDGE, 1989). 

Agamidae indéterminés 

Matériel. Phosphorites du Quercy, gisement de Rigal-Jouet (Oligocène moyen, 
MP25): trois dentaires incomplets, USTL, N° RIG7021, fig. 21 , p. 44 in AUGE (1986). 
Coderet (Oligocène supérieur, MP30) : un frontal, UCBL, N° 97692, fig. 22, p. 44 in AUGE 
(J 986). 

Ces fossiles sont nettement plus petits que ceux attribués à Uromastyx europaeus ou 
Quercygama galliae. Les dentaires portent quelques dents acrodontes, alors que le frontal 
de Coderet a des processus descendants à peine marqués. Ces restes sont de taille trop 
réduite pour appartenir à l'une des deux espèces d'Agam idé décrites dans !'Oligocène 
européen, et leurs dimensions relativement homogènes prouvent qu' il ne peut s'agir d ' in
dividus jeunes. Ils démontrent que les Agamidae se sont maintenus en Europe de l'Ouest 
jusqu'à !'Oligocène supérieur au moins. 

CONSIDÉRATIONS PALÉOGÉOGRAPHIQUE S 

Dans !'Eocène inférieur d'Europe occidentale, les Agamidae sont représentés par l'es
pèce Tinosaurus europeocaenus. On connaît d' autres membres du geme Tinosaurus dans 
le Paléogène nord américain (MARSH, 1872 ; GLLMORE, 1928; R ECHT, 1959; EMRY, 1973 ; 
ESTES, 1983a; H UTCHISON, 1992) et asiatique (CHKHLKVADZE, 1985 ; LL, 1991a,b ; Hou, 
1974 ; DONG, 1965). En outre, GtLMORE (1943) a décrit T asiaticus dans !'Eocène moyen 
de Mongolie, espèce que ALI FANOV (1 993) a rapporté à un geme distinct, 
Pseudotinosaurus. En accord avec ESTE (l 983b) nous considérons les Tinosaurus améri
cains et asiatiques comme le résultat d'une dispersion depuis l'Asie, le détroit de Bering 
constituant une voie de passage naturelle entre l'Amérique et l'Asie alors que ! 'Europe 
reste isolée de l'Asie durant la plus grande partie du Tertiaire inférieur par la mer oma
lienne. Né,anrnoins, les grands épisodes régressifs marquant la fin du Secondaire ou le 
début du Tertiare ont pu oblitérer provisoirement cette mer (Maastrichien supérieur, 
Tbanétien inférieur, Yprésien supérieur, HAQ et al., 1987 ; SMITH et al., 1994) et permettre 
le passage de faunes asiatiques vers l'Emope. D 'autre part, la paléogéographie de la 
Téthys pendant Le début du Tertiaire devait autoriser des échanges épisodiques entre l'Asie 
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et l'Europe, comme ceux pressentis par HEISSIG (1979). De nombreux auteurs, étudiants 
des groupes taxonomiques divers, ont abouti aux mêmes conclusions (AUGE, 1993; VASSE, 
1993). Cependant, l'hypothèse d'un relai par l'Amérique du Nord pour expliquer l'arrivée 
d-' Acrodonta d'origine asiatique dans !'Eocène européen ne peut être définitivement écar
tée. Ajoutons que le Crétacé d'Asie centrale a livré les premiers fossiles d' Acrodonta 
connus (NEssov, 1988; GAO & Hou, 1995), la nature monophylétique de ce taxon n'ayant 
jamais été remise en cause (FROST & ETHERIDGE, 1989). 

Les Acrodonta disparaissent d'Europe occidentale après !'Eocène inférieur et on ne les 
retrouve qu'à !'Oligocène moyen, avec Uromastyx europaeus et Quercygama galliae. 
Cette disparition temporaire s'explique mal car, pendant ce temps, les autres taxons appar
tenant aux Lacertilia recensés dans ! 'Eocène européen prospèrent ou, au moins, font preu
ve d'une stabilité remarquable jusqu'à la Grande Coupure Eocène/Oligocène (AUG E, 
1993). Cependant, à la différence des autres taxons, les Acrodonta de ! 'Eocène européen 
ne se sont jamais diversifiés et ils ne sont connus qu' à travers le seul genre Tinosaurus. 

Les Acrodonta de !'Oligocène européen ne peuvent être issus que d'une dispersion 
depuis l'Asie ou l'Afrique, puisqu'ils disparaissent d'Amérique dès !'Eocène supérieur. 
Leurs restes fossiles sont peu abondants, comparés à ceux des autres groupes de lézards 
(Anguimorpha et Scincomorpha, essentiellement) et SCHL EICH (1988) ne signale pas d ' 
Acrodonta dans les fossiles de Lacertilia livrés par des niveaux de !'Oligocène supérieur 
et du Miocène inférieur du bassin de Mainz, en Allemagne. li est difficile de savoir si les 
Acrodonta d'Europe occidentale franchissent la lirnite Oligocène/Miocène. Cependant, 
leur présence est attestée dans ! 'Oligocène supérieur de Coderet et HoFFSTETTER (1955) 
fait état de représentants des Agamidae dans des fossiles du Stampien de l'Allier et du 
Miocène du Lyonnais. li existe aussi des restes d' Acrodonta dans le Miocène de La Grive 
(RAGE, communication personnelle). RAGE (1972) rappo1ie des restes du Villafranchien 
(Pliocène) de France aux Cbamaeleonidae, alors que MoODY (1980) pense avoir affaire à 
des Agamidae, certainement au genre Agama. Des restes d 'Agamidae (genre Agama) sont 
décrits par BAI LON (1987, 1989, 1991) dans le Pliocène frança is. 

Bien que présents en Europe occidentale pendant une bonne partie du Te1iiaire, les 
Acrodonta n'ontjamais occupé qu 'une place marginale dans les berpétofaunes europée1mes. 
li n'y a jamais eu de radiation significative des Acrodonta européens. Un seul genre, repré
senté par une seule espèce, Quercygama galliae; est endémique à l'Europe. Leur histoire sur 
ce continent paraît faite d'une suite de dispersions depuis des domaines voisins (As ie ou 
Afrique), suivies par des retraits lorsque les conditions deviennent défavorables. Le dernier 
de ces retraits date ce1iainement du Pléistocène, puisque les seuls Acrodonta encore présents 
en Europe forment des populations éparses dans le sud de la Grèce et les îles adjacentes. 
L'origine de cette réduction de l'aire de répartition des Acrodonta ne peut être que climatique 
dans ce cas particulier (RAGE & SAJ:NT GrRONS, 1989). 
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Abstract. Transmission electron microscopy of the protonepbridial filtration structures in nine 
species of platybelminths from five families in Kalyptorhyncbia revealed tbree different types of 
architecture. Type A, found in representatives of Schizorhynchia and in two species of Cicerinidae 
(Eukalyptorhynchia), shows a terminal perikaryon associated with each flame bulb, and the bulb is 
connected to the proximal canal with a septate junction. Type B, fotmd in two otber species of 
Cicerinidae, also has a junction between the flame bulb and the proximal canal but does not have a 
nucleus in close association with the tlarne. Type C, fouud in the representatives of two other fami
lies ofEukalyptorhynchia, has no terminal perikaryon and the tlame bulb is continuous with the prox
imal canal without the intervention of a junction. Type A may be considered the most plesiomorphic 
anangement described for any rhabdocoel taxon while Type C is highly derived. Type C resembles 
that fouud i.n other orders ofRhabdocoela, narnely Typhloplanida, Dalyelliida and Tenmocephalida. 
The distribution of flame bulb types within Kalyptorhynchia, in conjunction wi tb spermiogenesis 
data, suggests that the Cicerin.idae is paraphyletic and that a subtaxon including the genera Toia , 
Nannorhynchides and (probably) Pocillorhynchus forms a sister group with the Schizorhynchia, 
while a subtaxon including at least the genera Cicerina and Ptyalorhynchus fo nns a sister group with 
the remaining Eukalyptorhynchia. 

Key words : tlame cells, protonephridi a, Eukalyptorhynchia, Sch.i zorhynchia, Turbellaria 

INTRODUCTION 

Ultrastructural studies of the terminal reg ions of protonephridia have contributed sig
nificantly to debate about pbylogenetic relationsbips withi.n the phylum Platybelrn.i nthes 
(see reviews by ROHDE, 1990, 199 1; ROH DE et al., 1995). Species assigned to the large 
taxon Rbabdocoela (exclusive oftbe parasitic Neodermata) have in common a fla.me bulb 
with a weir or filtration apparatus formed from a single row of longitudinal ribs that are 
supported by bundles of microtubules. This is clearly a derived condition within the pby
lwn and a synapomorpby for those taxa. Moreover, in contrast to non-rhabdocoels, the 
first several rhabdocoels studied possess fla.me bulbs w ith a further modification - lack of 
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a terminal perikatyon near the flame, and no separation between the cytoplasmic cylinder 
around the flame and the proximal canal (REISfNGER, 1923; WILLIAMS, 1981 ; ROHDE, 
1987 ; RoHDE et al., l 987a,b, 1988). With light microscopie studies, REISfNGER _(l 923) 
demonstrated that in this kind of arrangement, a single nucleus was associated with a num
ber of flames and that this nucleus was some distance along the capillary removed from 
the fla-mes. More recently, however, several rhabdocoel taxa that do have a terminal 
perikaryon have been studied: Syndisyrinx punicea (Hickman, 1956) and Pterasterico/a 
pellucida Jondelius, 1989, have several flames per perikatyon (ROHDE et al., 1992), while 
the kalyptorhynch Ba/toplana magna Karling, 1949, and possibly Luriculus australiensis 
Faubel, Rohde & Watson, 1994, have a single flame per perikaryon (ROHDE & WATSON, 
1994; ROHDE et al., 1993). 

Kalyptorhynchia is one of four recognised divisions of the (non-neodennatan) 
Rhabdocoela, the others being Dalyelliida, Typhloplanida and Temnocephalida (see sys
tem in Cannon, 1986). The arrangement found in the kalyptorhynch B. magna (one flame 
per terminal perikaryon) resembles the situation in orders outside the rhabdocoels. It may, 
therefore, represent the least derived state within the Rhabdocoela. It differs markedly 
from the arrangement seen in all examioed species ofTemnocephalida and Typhloplanida, 
and from most examined species of the Dalyelliida. This study was unde1taken to deter
mine protonephridial architecture in a range ofkalyptorhynchs from other families in both 
sub-orders (Eukalyptorhynchia and Schizorhyochia) to contribute to the understanding of 
relationships within Kalyptorhyochia and within the rhabdocoels in general. 

MATERIAL AND METHODS 

The following table provides taxonomie and collection data on the species studjed. 

Species 

Cicerina remanei Meixner, 1928 

Ptyalorhynchus coecus Ax, 195 1 

Toia calcefàrmis Brunet, 1973 

Origin 

EUKALYPTOR.HYNCHLA 

Cicerinidae 

Belgian sandy beach (Mariakerke, July 1995) 

Belgian sandy beach (Bredene, July 1995) 

Belgian sandy beach (Mariakerke, September, 
1987) 

Nannorhynchicles herdlaensis (Karting, 1956) Marine algae, l 0-12m (Kri tiJ1eberg Sweden, 
1988) 

Gnathorhynchidae 

Ancislrorhynchus ischnurus L' Hardy, 1963 French sandy beach (Roscoff, June 1996) 

Polycystid.idae 

Gyratrix hermaphroditus Ehrenberg, 183 1 Bracki h sand (Stockholm Sweden, August 
1995) 



PROTONEPHRJDIA OF KALYPTORHYNCH FLATWORMS 

SCHIZORHYNCHIA 

Schizorhynchidae 

Thylacorhynchus conglobatus Meixner, 1928 

T pyriferus Karling, 1950 

Belgian sandy beach (Mariakerke, July 1995) 

Fjord sandy bottom at 30cms, Kristineberg 
Sweden, August 1995 

Diascorhynchidae 

Diascorhynchus rubrus Boaden, 1963 Belgian sandy beach (Bredene, July 1995) 
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Ail were fixed in glutaraldehyde, post-fixed in Os04 , dehydrated in ethanol and 
embedded in Spurr or Epon/Araldite resin. Ultrathin serial sections were eut through at 
least half the body of two individuals of the species C. remanei, D. rubrus and T cal
ceformis, and of one individual of each of the remainü1g species. Sections were collected 
on Formvar-coated parallel-bar grids (75p ), stained with uranyl acetate and lead citrate 
and examined with a JEOL 1200EX transmission electron microscope (TEM). In most 
cases, strategic photographs were taken through at least two longitudinally and two trans
versely oriented flame regions for each species, with many additional (but often oblique) 
flames examined for confirmation of character consistency. 

RESULTS 

Schizorhynchia 

The three spec ies examined in this division are from different families 
(Schizorbyncilldae and Diascorhynchidae), but ail showed essentially the sarne organisa
tion of the terminal regions. Features of the congeners T cong lobatus and T pyr!ferus 
were identical, so only the fonner is illustrated. Flame cells were nucleated, and the nucle
us was located close to the flame bulb (Figs. 1, 3, 5, 50A), although its exact position var
ied between basal and baso-lateral, even within each illdividual. Cilia of the flame had 
rootlets (Figs 1, 5, 7) with cross striations (Fig. J ) . The filtration apparatus consisted of a 
single row of longitudinal ribs contain ing bundles of microtubules, with extracellular 
material in slits between the ribs (Fig. ll). Near the top of the flame, the ribs fused into a 
distal cylinder (Fig. 10), and this cylinder was j0ined to the proximal canal cell which 
overlapped it, by a septate junction adjacent to the lumen (Figs 1, 2, 4, 6, 9}. Tips of ci lia 
projected a short di stance into the capillary (F igs 6, 8) . No nucleus of the proximal canal 
cell was located nearby the flames, and capillaries were formed by an entire cellular cylin
der. In T conglobatus, microtubules of the ribs were SUITounded witb dense material 
(F igs 7, l 0, l l ), and dense materia l also lay beneath the cell membrane a long the distal 
tube (Figs 6, 9). A compact ring of similar materiaI surrounded the most distal part of the 
tube in D. rubrus (Fig. 2), and the prox imal canal regions were also li.ned with a layer of 
dense cytoplasrn that fonned microvillar projections (Fig. 4). Sucb dense cytoplasrn and 
projections were absent from the capi llaties of the two Thylacorhynchus spp. 
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Eukalyptorhynchia 

Cicerinidae: Four species were examined from tbis family Cicerina remanei and 
Ptyalorhynchus coecus had very similar protonephridial organisation. The perikaryon of 
the flame bulb was adjacent to the flame (Figs 12, 16) and the filtration apparatus was 
fonned by a single row ofribs supported by bundles of microtubules (Figs 12, 13, 16) with 
extracellular matrix between the ribs (Figs 13, 16). At the distal end the ribs fused into a 
tube in which the microtubules continued (Figs 14, 17), and there was a septate junction 
between this distal h1be and the proximal canal (Fig. 50A). They differed in that the prox
imal canal cell enwrapped the lumen, with a junction between the two adjacent edges, in 
P coecus but not in C. remanei. ln C. remanei, therefore, the lumen was sun-ounded by an 
unbroken cylinder. More distal capillaries of C. remanei were similarly without junctions 
(Fig. 15). Dense rnaterial lining the distal h1be of the tenninal cell was more pronoLU1ced 
in P coecus (Figs 16-18) than in C. remanei (Fig. 14). In both species the tips of the flame 
cilia projected slightly into the proximal canal lumen (Figs 14, 19). 

The other two species studied, Toia calceformis and Nannorhynchides herdlaensis, 
resembled one another closely but differed from the two cicerinids described above. ln 
T calceformis and N. herdlaensis no terminal perikaryon was found despite examination 
of several sets of serial sections through transverse and longih1dinally positioned tlames. 
This was unexpected, since the cytoplasm of the terminal bulb su1rounding the tlame was 
clearly separated from the proximal canal by a septate junction (Figs 29, 31 , 35 , 37, Fig. 
50B). In both species, the proximal canal also had a long junctioo to itself (Figs 29, 30, 
35, 36), and the cilia of the tlame projected a considerable distance into this lumen 
(Figs 29, 31 , 35). Ribs supported by microtubules were much less regular than in the other 
cicerinids (Figs 23-28). In N. herdlaensis tbere were also a few internai leptot:riches 
(Fig. 33) and the slits between ribs appeared to be formed both by finger-like interdigita
tions of the column surrounding the tlame and as discrete longitudinal sli ts (Fig. 34) . Cilia 
of the flames had cross-striated rootlets (Figs 20-22, 32). Lateral tlames were present in 
some capillari es of both species (see F ig. 30 fo r T calceform.is), and there were junctions 
iJ1 capillary walls. No nea rby nuclei were identifi ed. 

Gnathorhynchülae and Polycystülùlae: The representati ves of tbese two famjJies, A. 
ischnurus and G. hermaphroditus bad the same basic arrangement of protonephridial ter
mjnal structures as one another, but the arrangement differed from those described above. 
The filtration apparah1s was formecl by a single row of longih1dinal ribs supported by 
microtubules (Figs 38-41 , 46-48) and these ribs fused into a h1be in the di sta l region of the 
flame (F igs 42-44, 49, SOC). The sli ts between the ribs were covered witb ex t:racellular 
material (Figs 40, 47) . The arrangement of slits was more regular in G. hermaphroditus 
than in A . ischnurus . There was no termina l nucleus and no junctioD between the flame 
region aDd the proxima l cana l (Figs 42-44, 46) ; that is the cytoplasmic tube sw-rounding 
the top of the flame was coDtinuous with the proximal canal reg ion. ln G. hermaphroditus 
but not in A. ischnurus dense material li ned the inner p lasma membrane of the cytoplas
mic tube between the end of the ribs and the beginning of the canal region where the cilia 
terminated (Fig. 44). There was no junction within the wall of the proximal canal (Fig. 43). 
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DISCUSSION 

The protonephridial flame bulbs and capillaries of four other kalyptorbyncb species 

bave previously been examined in vmying degrees of detail : Baltoplana magna (RoHDE 

& WATSON, 1994), Gyratrix sp. and Odontorhynchus sp. (ROHDE et al. , 1987a) and 

Rhinolasius sp. (ROHDE et al., 1988). Ali , as well as those reported in the prèsent study, 
have a filtration apparatus of longitudinal slits between a single row of cytoplasmic ribs 
tbat are supported by bundles of microtubules. This architecture is characteristic of ail 
(non-neodermatan) rhabdocoels that have been examined from ail subtaxa (see review by 
ROH DE, 1991 and earlier references therein ; LUMBSCH et al., 1995; Ro1-1oe et al. , 1992 ; 
WILLIAMS, 1994). It has not been found outs ide of the Rhabdocoela with the single excep
tion of the prolecithophoran Archimonotresis limophila (see EHLERS, 1989), but other pro
lecithopborans studied do not share this arrangement (EHLERS & So roTT-EHLERS, 1997, 

WATSON & ROHD E personal observations) . 

The results presented here together with the previous studies of other kalyptorbynchs, 
reveal three different arrangements of protonephridial components within 
Kalyptorhynchia, illustrated in Fig. 50. Type A: two species of Cicerinidae (C. remanei 
and P coecus) and ail examined schizorhynchs (B. magna, Thylacorhynchus spp and D. 
rubrus) from three different fam.ilies have a tem1inal perikaryon and a septate junction 
between the terminal cell wbich forms the filter region , and the adjacent proximal canal. 
The canal is an entire cylinder in the schizorhyncbs and in C. remanei, but a junction is 
present in P coecus. Type B: T calceformis and N. herdlaensis resemble Type A but no 
nucleus of the tem1inal «cell» cou Id be located. Serial sections were followed completely 
through six individual fl ame cell s of T calceformis and one of N. herdlaensis but no nucle

us was found . We cam1ot, however, rule out the poss ibility that a perikaryon is located at 

a considerable di stance from the flame bulb, poss ibly connected to it by a ve1y thin cyto
plasmic strand , since it is bard to imagine bow such an acti ve cell could function witbout 
a nucleus. Botb species have an extensive junction along the proximal canal, joining the 
edges of the enwrapping cell , as well as the pronounced septate junction between the 
flame/filter region and the proximal canal. Type C : spec ies examined fro rn the eu kalyp
torhyncb famili es Gnatborhyncbidae, Polycystididae and Ko inocystidae bave pro
tonepbridia witbout a terminal perikaryon, no junction separating the fil ter region fro m the 
proximal canal and no junction within the wa ll of the proximal cana l. This corresponds to 
the arrangement found in ail other rhabdocoels tbat bave·been stud.ied witb the exceptions 
of the dalyelliids Syndisyrinx punicea, Pterastericola pellucida and Luriculus australien
sis (Roi-me et al. , 1992 ; Ro 1-1 oe et al. , 1993). Type C may be considered the rnost deri ved 

state s ince it lacks the termi na l perikaryo n fow1 d in a il otber fl atworm groups as well as 

a il outgroups with protonephrid ia (see BARTOLOMAEUS & Ax, 1992) . Type A represents the 

most ples iomorphic cond ition within Rhabdocoela, having major e lements in common 

with outgroups within the Platybelminthes . L ight rn icroscopy has shown that in the Type 
C state in typbloplanids, a number of flame bulbs tJ1at lack nuclei , together with their prox
imal canal regions, jo in smaller branches and then the main longitudinal protonepbridial 
ducts, wbere the few nuclei are located (REtSING ER, 1923). 
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The two species with Type B protonephridia, placed by conventional classification 
into the family Cicerinidae (see CANNON, 1986), nevertheless have synapomorphies which 
separate them from other cicerinids (DE VOCHT, 1992), such as eyes with lenses and spem1 
without two incorporated axonemes. DE VoCHT (1992) linked a third genus, 
Pocillorhynchus, with Toia and Nannorhynchides because it has lenses in the eyes (2 lens 
elements in Pocillorhynchus, 1 in T calceformis and 3 in N. herdlaensis) as well as other 
synapomorphies of the proboscis bulb musculature and glands. The four cicerinids stud
ied here are ail clearly distinguished from other eukalyptorhynchs in possessing the less 
derived type of protonephridia with a distinct junction between terminal and canal cells, 
and in this regard they closely resemble the schizorhynchs. However, T calceformis and 
N. herdlaensis also share with schizorhynch taxa a reduction in the number of incorporat
ed axonemes in the sperm brought about by a comparable process during spermiogenesis 
(WATSON in press). This contrasts with the presence oftwo fully incorporated axonemes in 
the sperm of C. remanei, P coecus and ail other examined eukalyptorhynchs (see 
L'HARDY, 1988 ; DE V OCI-IT, 1992; persona( observations). lt therefore appears likely that 
Cicerinidae in its conventional composition is paraphyletic, and that a subset of that fam
ily including the genera Toia, Nannorhynchides and probably Pocillorhynchus forms a sis
ter group to the schizorhynch kalyptorhynchs. A further subset of species probably forms 
a sister group with the remainder of the Eukalyptorhynchia. 

The species that have been examined from three other eukalyptorhynch families have 
a protonephridial architecture resembling that found in typhloplanids, temnocephalids and 
the rnajority of dalyelliids, i. e. a highly derived arrangement. However, if the 
Kalyptorhyncbia is a monophyletic taxon witb the apomorphies of a muscular proboscis 
and fused axonemes in the spennatozoon, then Type C protonephridia may have evolved 
at least twice (separately within the eukalyptorhynchs and in other rhabdocoel taxa). An 
alternative scenario homologising the derived protonephridia of these eukalyptorhynchs 
with those found in other rhabdocoels would require the assumption of loss of the pro
boscis in the other rhabdocoel taxa, or the development of a proboscis in three separate 
lineages. 

Clearly, ultrastructural studies of protonephrid ia can make an important contribution 
to elucidation of phylogenetic relationships within the Platyhelminthes and especially 
within the Rbabdocoela. There are still many farn ilies within the four main rhabdocoel 
taxa (Kalyptorhynchia, Typhloplanida, Dalyelliida and Temnocephalida) where no species 
bave been studied in this regard. Such further studies are needed to clarify the distribution 
of protonepbridial types and the likely relationships between them. 
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l egends Lo the figures (~ee pages 149-158) 

Figs 1-4. - TEM of flam e ce lis ofDiascorhynchus ru brus. C, canal cell ; F, ci lia of the flame; J, junc
tion ; TCN, terminal cell nucleus. Fig. 1. - Long itudinal section showing basal nucleus, long 
roots of the cilia and microtubules extending deeply below the ribs. Fig. 2. - Distal region of the 
flame showing microtubules in the ribs (arrowhead), septate junction between the tem1inal cell 
and the canal cell , and dense region at the tip of the terminal cell (large aiTOw). Fig. 3. - Two close 
fl ame cells, each with a somewhat laierai nucleus. F ig. 4. - Oblique transverse ection at the dis
ta l tip of a flame cell. Note microtubules (arrowhead) in the terminal cell, junction witb the canal 
cell , dense region at the tip of the terminal cell (lai·ge arrow) and canal lumen lined with dense 
cytoplasm with microvillus-l ike projections into the lumen. Scales 0.5µm (Fig 2, 4), l~tm (Fig. 
1), 2µm (Fig. 3) 

Figs 5- 1 l . - TE M of2 flame cells of Thylacorhynchus conglobatus. Fig 5-7. - Long itudinal section 
of one cell , Figs 8- 11 Transverse ection of secon.d cell. C, canal cell ; E, extracellular matri.x; F, 
ci lia of the flame; J, junction ; TC N, terminal cell nucleus; R, rib. Fig. 5. - Longitudinal section 
showing lateral nucleus, rootlets of the ci lia (arrow) and dense material in the ribs (aJTowhead). 
Fig . 6. - Distal region of the fl am e showing microtubules in the rib suJTounded by dense mate
ria l (arrowhead), continuation of dense materia l beyond the tips of the microtubules (dou ble 
arrowhead), septate junction between terminal and canal cells and ci lia proj cting into the lumen 
of the canal cell . Fig. 7. - Basal end of the fl a me bulb howing ba al bodies and rootlets (arrow) 
together with microtubule that are continuou · w ith the ribs (arrowhead). Fig. 8. - D istal tip of 
the flame where ci lia project into the lumen of the prox imal canal cell . Fig. 9. - Les distal region 
wbere mainly ooly dense materia l lines the terminal cell , and a contiouous ·eptate junctioo joins 
terminal and canal cells. Fig. 10. - Still. less distal. Ali but one of the slit ha terminated leaving 
a cytoplasmic cyl inder containing microtubules in den e materia l (arrowhead) surround.ing the 
ci lia of the flame. F ig . 1.1. - Basal level of the flame showing basal bodies of some ci lia, termi-
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na! plates of other ci lia, ribs supported by microtubules surrounded by dense material (arrowhead) 
and joined by extracellular matrix in the slits. Scales 0.2µm (Figs 6-11 ), 1 µm (Fig. 5). 

Figs 12-15. - TEM of flame cells and capillaries of Cicerina remanei. C, canal cell; E, extracellular 
matrix ; F, cilia of the flame ; J,jnnction ; TCN, terminal cell nucleus ; R, rib. Fig. 12. - Mid-level 
transverse section showing the nucleus and ribs supported by microtubules (arrowhead) suround
ing the flame. Fig. 13. - Ribs supported by microtubules (arrowhead) are joined by extracellular 
matrix across the intervening slits. Fig. 14. - Two flames, the top one at its tip where cilia project 
into the lumen of the canal cell. Note septatejunctionjoining terminal and canal cells. Fig. 15. -
Extensive region of expanded protonephridial capillaries (arrows) just beneath the sub-epidermal 
muscle layers. Scales 0.5~tm 

Figs 16-19. - TEM of the one flame bulb of Ptyalorhynchus coecus. C, canal cell ; E, extracellular 
matrix ; F, cilia of the flame ; J, junction ; R, rib; TCN, terminal cell nucleus. Fig. 16. - Mid-flame 
level showing terminal cell nucleus, ribs and extracellular matrix, and microtubules i.n ribs (bot
tom arrowhead) and in the cellular column above the termination of ribs (top arrowhead). 
Fig. 17. - Higher up the flame where some cilia have terminated, the flam e is surrounded by a 
cellular column still containing bundles of microtubules, and the canal cell partly su1wunds the 
terminal cell and is joined to it by a septate junction. Fig. 18. - Few ci lia remain (double arrow
heads) at the tip of the flame and the terminal cytoplasmic column (TC) with microtubules still 
visible (arrowhead) is no longer closed. The canal cell surrounds the tip of the tenninal cell and 
shows a septate junction to itself. Fig. 19. - On ly one cilium from the flame remains (double 
arrowhead), surrounded by the canal cytoplasm which is joined to itself by a septate junction. 
Scales 0.5~tm . 

Figs 20-29. - TEM showing part of a series through the one fla me bulb of Toia calceformis from base 
(Fig. 20) to capillary (Fig. 29). At tirst rootlets only are visible (arrows), followed by basal bod
ies (BB) and microtubules (arrowheads). Ribs (R) with extracellu lar matrix (E) between them are 
few and rather irregular along the cytoplasmic column of the terminal cell (TC). Fig. 29 shows 
that the canal cell , with ajunction to itself, énwraps the higher parts of the flame cell colunm and 
is joined to it by a septate junction. There is no nucleus closely associated with the fl ame nor with 
any nearby region of the capillary. Scales 0.2~1m. 

Figs 30-31. - TEM of parts of fl ame ce lls and capillaries of Toia calcefàrmis. Fig. 30. - A sÎ11g le cil
ium in the narrow lumen of a capillary cell (C) which bas a long junction (J) from the lumen to 
the outer cell membrane. Note long rootlets (arrows) of cilia of a latera l fl ame, and microtubules 
in capillary cell cytoplasm (arrowhead). Fig. 3 1. - The top of a flame cell where the terminal 
region is joined by a junction (J) to the cap illary (C) .. Ribs (R) and mi crotubules (arrowhead) are 
sti ll visible in the terminal cytoplasm. No nucleus was found assoc iated with the fl ame nor with 
any nearby region of the capillary. Scales 0.5 µm (Fig. 30), 0.2µm (Fig. 3 1 ). 

Figs. 32-37. - TEM showing part of a series through a single flame bulb anrl capillary of 
Nannorhynchides herdlaensis. Fig. 32. - Long rootl ets (arrows) in the basàl cytoplasm accompa
nied by microtubules (arrowheads) . Fig. 33 . - Oblique view througb the flame sbowing cili a, 
microtubules in the wall (arrowhead) , ribs (R) with extracell ular matrix (E) between them, and 
one of severa l internai leptotriches (L). Fig. 34. - Oblique section tbrougb the tlarne wall bow
ing ribs (R) and extracellular matri x (E). Note that in one case (on the left) the extracellula.r mate
ria l goes completely around a rib tip, suggesting that this «rib» is an interdigitation with the dis
tal part of the column. Fig. 35. - Ci lia of the tlame (F) extend beyond the r ibs into the adj acent 
cap illa1y. Tbere is a junction between the terminal and capi ll ary regions (J on right) and another 
within the capiJl ary itself (J on left). F ig. 36. - En largement frorn Fig. 35 of the junction (J) with
in the capillary cell (C) . Fig. - 37. A more tangentia l section througb the j unction region to the 
right in Fig. 35. Note ci lia of the tlame (F), cap illary cytoplasm (C), junction (J) and terminal cell 
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cytoplasm (TC). No nucleus was found associated with the flame nor with any nearby region of 
the capillary. Scales 0.5µm. 

Figs 38-43. - Part of a series of serial sections through two adjacent flame cells of Ancistrorhynclws 
ischnurus. BB, basal bodies; F, tlame; C, capillary cytoplasm; R, ribs; arrow, rootlets; arrow
head, microtubules. The top cell of the two is depicted from the basal cytoplasm with rootlets in 
Fig. 38 through to the diminished tlame surrounded by a cytoplasmic column without ribs in Fig. 
43. The lower cell is depicted from a level of the flame just above basal bodies (surrounding ribs 
contain bundles of microtubules with extracellular matrix between them), to the level of the dis
appearance of the cilia and a collapsed lumen (arrow) in the capillary in Fig. 43. There is no 
nucleus associated with the flame nor with any nearby region of the capillaiy. Scales 0.5~un. 

Figs 44-49. - TEM of flame cells of Gyratrix hermaphroditus. Figs 44-46 show longitudinal sections 
of the one cell. C, capillaiy cytoplasm; F, cilia of the fla me; R, ribs; T, cytoplasmic tube. In this 
species the cytoplasm is continuous from below the ci liai rootlets (arrow in Fig. 45) through the 
ribs with bundles of microtubules (arrowheads) (Figs 46-48), to the cytoplasmic tube still with 
microtubules (in Figs 44 and 49), to tlle capillary beyond the tip of the tlame. There is no nucle
us associated with tlle tlame nor with any nearby region of the capillary. Scales 0.2µm (Fig. 44), 
0.5µm (Figs 45-49). 
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A B c 

Fig. 50. - Diagrammatic representation of the terminal protonephriclial filtration regions in kalyp
torhynch turbellarians. Type A found in Pty alorhynchus coecus, Cicerin.a remanei, 
Thy lacorhyn.chus spp. and Diascorhyn.chus rubrus. In P coecus, the canal cell enwrapped the 
lumen and a junction was tbus fo rmed between the adj acent edges. Type B found in the two 
cicerinids To ia calceformis and Nannorhyn.chides herdlaensis . No nucleus could be located fo r 
the «terminal cell». Type C fo und in tbe gnathorhynchid An.cistrorhynchus ischnurus aJ1d the 
pol ycystid Gyratrix hermaphroditus. ln Type C the filtratio n region is conti ouous with the prox 
imal canal and no uuclei are found in the vicioity. 

MT, ,microtubules, PCC, proximal canal cell ; S, filtration slits; SJ, septate juuction ; TC, terminal 
cell. 
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Abstract : Beneath the cuticle of the ventral side of the distal fourth of the hindleg tibia ofwork
ers of the anny ant Do1ylus molestus, there is a conspicuous glandular epithelium wi tb a tbickness of 
approx. 35 ~tm . The columnar secretory cells are characterized by the presence of a well developed 
smooth endoplasmic reticulum and numerous secreto1y inclusions. Their basal cell membrane shows 
numerous invaginations, white an extensive but irregular microvillar differentiation occurs ap ically. 
The overlying cuticle is traversed by pores that guide the glandular secretion to the outside. The func
tion of the gland, that is probably absent in queens and males, is unk:nown. ln each of the three pairs 
of legs, there is an additional cluster of so far unk:nown glandular cells with accompanying duct cells 
in the most distal part of the tibia, as well as a glandular epithelium dorsally w1demeath the proximal 
part of the bas itarsus. 

Key words: ants, Do1y linae, exocrine glands, scanning microscopy. 

INTRODUCTION 

Social insects are well known for their elaborate exocrine system, in which 63 dif
feren t glands bave been di stinguished so far (BJLLEN, 1994). A ltbough the majority of 
tbese are located in the bead, thorax and abdomen, the appendages also contain exocrine 
glands. Recent researcb revealed that the legs of a:nts may show various glaodular strnc
tures that can be located in the coxa (SCL-IOETERS and B ILLEN, J 993), tibia (LEUTl-IOLD, 
1968 ; PASTEELS et al. , 1970 ; BILLEN, 1984; HôLLDOBLER et al. , 1996), basitarsus 
(HôLLDOBLER and PALMER, 1989a; HôLLDOBLER et al., 1992; Sc HôNTTZER et al., 1996) and 
pretarsus (HôLLDOBLER and PALMER, l 989b; BILLEN, 1993). A.mong tbese, various types 
of tibial and basitarsa l g lands can be distinguisbed, both in terni s of their genera l occm-
rence and cellular organization. · 

Two ki nds of tibi al glands have been reported so fa r, both occurring in the hindlegs. 
An intemalized epitbelial gland in the rnetatibia is only known for species of the genus 
Crematogaster, where it is the source of the trail pheromone (LEUTHOLD, 1968). The exis-

' Dedicated to the memo1y of the late Professor J. VAN BovEN. 
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tence of a metatibial gland underneath the tegumental cuticle was first mentioned by 
Bolton (1990) as a synapomorphic character of ants of the doryline section. lts distribu
tion and general organization was recently described in a comparative study by Holldobler 
et al. (1996). Since no ultrastrnctural data on this gland are available, we examined the 
well developed metatibial gland of the anny ant Do1y lus moles tus, and report 011 our find
mgs. 

MATERIAL AND METHODS 

Foraging workers of Dmylus (Anomma) molestus Gerstaecker, 1858 were collected 
from a natural raiding column i11 Nairobi, Ke11ya . Legs of minor, medium and major (sol
dier) workers were eut off near the proximal side of the tibia and fixed in 2% glutaralde
hyde, buffered at pH 7.3 with 50 mM sodium cacodylate and 150 mM saccharose. Post
fixation in a buffered osmium tetroxide solution was followed by dehydration in a graded 
acetone series and embedding in Araldite. Semithin sections (1 µm thickness) for light 
microscopy were stained with methylene blue and thionin. Thin sections for ultrastructur
al examination (70 nm thickness) were double stained with uranyl acetate and lead citrate 
in an LKB 2168 Ultrostainer and were exami11ed in a Zeiss EM 900 microscope. Tissues 
for scanning microscopy were dehydrated in an ethanol series after postfrn.atio11 and were 
critical point dried. They were coated with gold a11d viewed in a Philips SEM 515 micro
scope. 

RESULTS 

The ventral side of the distal fourth of the hindlegs of workers of Dorylus molestus 
shows an obvious elongated and flattened area which is devoid of the bairs and sculpture 
found elsewhere on the legs (Fig. 1). The sam e region on the fore- and m.idlegs, in con
trast, clearly lacks this modifi ca tion (Figs 2 and 3, respectively). This flattened area on tbe 
metatibia at first appears as a smooth zone, but at high magn.ification shows nurnerous 
very small pores with a diameter of approx. 50 nm that open thrnugh the cuticle at vari
ous angles (Fig. 4). Histological sections through the distal part of the metatibia revea l the 
presence of a conspicuous glandular ep ithelium with high co lurnnar ce lls underneath the 
flattened area (Figs. 5, 6). This epithelium is a continuation of the squamous tegumenta l 
epidennis, and reacbes a constant thickness of approx. 35 µm (range among i.ndlvidual s 
28-44 µm ). There is no correlatio11 between epithelial thickness and worker size. When 
cbecking preserved queens a11d males, the hindleg tibia apperu· to Jack the speciaJized di -
tal area desc1ibed for workers, wb icb probably indicates the absence of the gland in the 
reproductive castes. 

Ultrast:ructural examination of the gland reveals the modified appearance of the cuti
c le overlying the glanduJar epithelium , with conspicuous and i.rregu lar pores that traverse 
the cuticle from the apica l si de of the secreto.ry cell towards the u.rface, where they open 
as ho les witb a diameter ofapprox . 30 nrn (Figs 6,7). Tb.is porous appearance i onJ y found 
in the cuticle overlyi11g the glandular epithelium ; elsewhere the usual borizontally layer d 
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cuticle occurs (Fig. 7). The cuticle has a constant thickness of 13 ~un. The apical region of 
the glandular cells is characterized by an extensive though itTegular microvillar differen-

. tiation (Figs 6, 8). The cytoplasm is occupied by a well developed tubular smooth endo
plasmic reticulum, and, especially in the apical part of the cell, nw11erous electron-dense 
secretory vesicles with a diameter of approx. 0.15 ~un (Figs 8, 9) . Granular endoplasmic 
reticulum does not occur, white free ribosomes are scattered through the cytoplasm 
(Fig. 9). The basal cell membrane displays obvious invaginations. Elongated mitochondria 
also occur in this region (Fig. 10). The cells are characterized by rounded to ovoid nuclei 
with a diameter around 5 µm (Figs 6, 10). 

Examination of the leg sections revealed, in addition to the metatibial gland, the exis
tence of another gland in the very distal part of the tibia, as well as the presence of a glan
dular epithelium in the proximal part of the basitarsus. The additional tibial gland is 
formed by a cluster of 5-10 rounded secretory cells with a diameter around 25 µrn with 
accompanying duct cells that open through the tibio/basitarsal articulation membrane 
(Fig. li). The glandular epithelium in the basitarsus is a differentiation of the tegumental 
epidermis. It occurs at the dorsal side, and reacbes a thickness of approx. 15 µm (Fig. l l ). 
Both glands appear in the th.ree pairs of legs, and represent hüherto unknown exocrine 
structures. 

Fi.gs 1-4. - Scanning m.i.crograpbs showing the ventra l si de of the tibiae oear the articuJatioo wi.tb the 
basitarsus in major workers of Do1y lus moles /us. F ig. 1. - biodJeg with tlattened area overlaying the 
metatibi.al gland (bar 100 µm). F ig . 2. - fo releg (witb anteonal cleaning apparatus, bar 100 ftm). 
Fi g. 3. - midleg (bar 100 µm). Fig . 4. - detail oftbe cuticle of the fl atteoed area in the liindleg with 

numerous sma LI pores (bar 1 flm). 

F ig. S. - Semi-th in cross section tbrougb the hindleg tibia of a m.41or worker show i.ng tlie metatibi.al 
gland (MG). et : cuticle, M: muscles, N : nerves, T: tibi al tendon, Tr: tracliea (bar 20 flm). 

Figs 6-10. - Electron micrograpbs of the metati.bial gland. Fig. 6. - survey of the glandula.r ep itheli 
um and overlying cuticle (maj or worker, bar S ftm). F ig. 7. - porous cuti.cle overlying the g landular 
epi.the lium, nonna l cuticle at right (med ium worker, bar S µm). Fig. 8. - a·pica l cytoplasm w i.tb 
mi crovillar differentiation and secretory ves icles (maj or worker, bar 1 µm). Fig. 9 . - detai l of cyto
plasm showing abundant tubules of smooth endoplasmic reticulurn (medium worker, bar 1 µ m). 
Fig. 10. - basa l cytop lasm showing conspicuous invaginations of cell membrane (mediwn worker, 
bar S µm ). 

bi: basa l invagin ations, et : cutic le, mv : microvilli , N : nucleus, SER : smooth end plasm ic reticulurn, 
sv: secretory ves icl.es. 

[See figures pages 162 and 163] 
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Fig. 11. - Semi-thin longitudinal section through the articulation betweeu the foreleg tibia 
(Tb) and bas itarsus (bt) of a major worker, showing cluster of metatibial glandular cells of 
which corresponding ducts opeu through the articulation membrane (arrow), as well as glan
dular epithelium (GE) in proximal part of basitarsus (bar 50 µm). 

DISCUSSION 

The metatibial gland was recently described in a comparative survey study by 
Holldobler et al. (1996) for ants of the poneroid group. lts presence was thus also repor
ted for the Old World am1y ant Do1y lus nigricans, for which it was briefly described as 
similar to that of the New World army ant Eciton hamatum, where it occurs as a « rela
tively thin glandular epithelium extending more than three-quarters of the length of the 
tibia». In ail specimens of Doty lus molestus we exarnined, regardless of worker size, the 
gland is less extended in length (it occurs in the di stal quarter of the hindleg tibia only) 
and is considerably more pronounced in thickness. 

The ultrastructural characteristics of the glarid as reported here for Do1y lus molestus 
are indicative for an active transport of substances through the epithelüun and overl ayi.ng 
cuticle. Precursor molecules from the haemolymph are probably taken up through the 
numerous basal invagiJmtions, and undergo furtber metabolic processes in the well devel
oped smooth endoplasrn ic ret iculurn . The secretory products appeaf as small rounded elec
tron-dense ves icles . The extensive ap ica l microvil li and the conspicuous cuticular pore 
fo rm an easy pathway for secretion to the outside. The cytoplasmic organjzation with an 
extensive smootb endoplasmic reticulum is in agreement with tbat of pheromonal glands 
(NOIROT and QuENNEDEY, 1974 ; BlLLEN, 1991 ). The function of the metatibial gland, how
ever, 1s still unknown (HôLLDOBLER et al., 1996). For several queenless Dia amma 
species, tbe gland appears to be invo lved in sexua l ca lliug by the dominant worker 
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(HôLLDOBLER et al., 1996), but this is not applicable for am1y ants workers. The apparent 
absence of the metatibial gland in the army ant queen and male moreover excludes a role 
in reproductive regulation. An eventual function in trail laying, as has been demonstrnted 
for leg glands of other ants (LEUTHOLD [ 1968] for the tibial gland in Crematogaste1; 
HôLLDOBLER and PALMER [1989a] and HôLLDOBLER et al. [1992] for the basitarsal glands 
in Onychomyrmex and Prionopelta, respectively, and the pretarsal gland in Amblyopone 
(HôLLDOBLER and PALMER [ l 989b ]), does not seem to be the case for Dmylus, as these 
army ants rely on venom gland secretions as the source of their trnil pheromone (BILLEN 

and GOBIN, 1996). The intense and obvious inter-individual contacts in the extremely large 
anny ant colonies (GOTWALD, 1995) may indicate the distribution of chemical signais, 
although this remains purely speculative. 

Our discovery of additional glandular strnctures in the legs is a clear illustration of 
the overwhelming extent of the exocrine apparatus of social insects in general and ants in 
particular. Their functions remain to be discovered, but they confim1 the desc1iption of 
ants as walking glandular batteries (HôLLDOBLER and WfLSON, 1990). 
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Abstract. We studied the variation in dorsal wing colour, dorsal hindwing spotting and wing 
length within a population of the speckled wood butterfly Parm-ge aegeria (L.) in two successive 
years. Over tirne in the first generation, successively emerging butterflies were darker, larger and of 
bigber spot type (a clearer fourth submarginal spot). In the second generation they remained on aver
age rather dark and of median size, but variation in spotting repeated the pattern of the füst genera
tion. We interpret tbese patterns of variation in colour and size in relation to seasonal changes in the 
irradiance conditions within a temperate forest. We suggest that there is a larger genetic control of 
spotting than of wing colour and wing length. Females were darker, larger and of higher spot type 
than males. Darker males were on average larger and ofbigber spot type than pale males. Tbese rela
tionships can be i.nterpreted in relation to the males' mate-locating strategies. 

Key words : Pararge aegeria , butterflies, phenotypic variation , seasoual variation, wing colour, 
wi1Jg spots, mate-locating strategies. · 

INTRODUCTION 

The reproductive success or fitness of an individual largely depends on how well its 
phenotype is adapted to the abiotic and biotic environment it experiences. Variation in phe
notype may help individuals to better match the environment in time (seasonal) and/or 
space (geographic) (END LER, 1986). Phenotypes of co-occurring individuals may vary 
adaptively in relation to for instance their behaviour (V AN DYCK et al. , l 997a, l 997b ). ln 
butterflies , phenotypic variation in wing features ( colour patterns, wing size and shape, 
etc.) is a popular object of study since the wings are essential for fl.ight activity (e.g. , 
D UDLEY, 1990) and play significant roles in predator escape (BRAKEFŒLD et al., 1992), 
thermoregulation (WASSERTH AL, 1975; DENNIS, 1993), sexual communication and mate 
choice (SrLBERGLŒD, 1984). Here we report on the phenotyp ic variation in a population of 
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a butterfly which emerge over a long period during the year. ln order to interpret the rela
tionships between phenotypic variation, envirom11ent and behaviour, we need to know 
how the phenotypes vary with time of emergence and how the different phenotypic fea
tures are linked to one another. 

Alternative phenotypes (WEST-EBERHARD, 1989) may existas genetic polymorphisms 
caused by different genes (FORD, 1975) or polyphenisms induced by the environment 
(SHAPIRO, 1976). Examples in butterflies are white-yellow polymorphism in Colias 
(WATT, 1968), d1y-wet seasonal polyphenism in tropical Satyrinae (BRAKEFIELD & 
LARS EN, 1984; WiNDJG et al., 1994) and spring-summer polyphenism in the European map 
butterfly Araschnia levana (MÜLLER, 1955). Polyphenism does not exclude genetic varia
tion (HAZEL et al. , 1987) and can be itself under genetic control (BRADSHAW, 1965; 
WiNDIG, 1994). Sometimes what looks like a genetic polymorphism turns out to be under 
environmental contrnl (OWEN & GOULSON, 1994). 

In the speckled wood butterfly Pararge aegeria (L.) there is geographic variation in 
wing length (size), wing shape and the pattern of dorsal pale patches (BRAKEFIELD & 
SHREEVE, 1992). Since in northwestern Europe adults of this satyTine butterfly emerge 
over an extended period from April to September (BrNK, 1992), different individuals expe
rience ve1y different larval conditions throughout the season which may influence their 
adult phenotype. The adaptive value of the phenotype probably also varies over the sea
son. W11en reared outdoors, British speckled woods vary seasonally in forewing length and 
in the size of the dorsal pale patches (ROBERTSON, 1980), as well as in the number of sub
marginal spots on the hindwings and the brown dorsal wing colour (pale or dark) (PACK.ER, 
1984). 

We studied the variation in dorsal wing colour, dorsal hindwing spotting and wing size 
(forewing length) amongst individuals within a Belgian population of the speckled wood 
in two success ive years. We analysed (1) the temporal pattern of these wing features in 
both generations, and (2) the relations between the features. Of the two biometric studies 
on (British) speckled woods one did not consider the variation in brown dorsa l wing 
colour (ROBERTSON, 1980) and the other one (on collection specimens) did not consider 
size (PACKER, 1984). 

MATERIAL AND METHODS 

The speckled wood occurs primarly in different types ofwoodland and the larvae feed 
on grasses (SHREEVE, 1986a). We studied the speckled wood (North-European subspecies 
P aegeria tircis Butler 1867) in a set of deciduous woodland fragments («Lankenrn) in 
Herentals, nortbern Belgium (51°08' N , 4°49' E) . As in the rest of Belgimn, P aegeria is 
a common species and bas become even more abundant in recent decades (MAEs & V AN 
DYCK, 1996). The study area consisted of five fragments of the same habitat type(< l ha 
to > 9 ha) which were close to one another and separated by maize fields and meadows. In 
ail sites the dominant tree species was common oak, Quercus robur, with a mixLcU"e of 
other trees and shrubs. A large part of the forest floor was covered by brarnbles, Rubus sp . 
Larval hostplants (e.g. Agropyron repens, Dactylis glomerata and Poa annua) were ab1m
dant in and around the study areas. 
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We collected data on sex, dorsal wing colour, dorsal submarginal spot pattern and 
forewing length in two successive years: between 20 April and 18 September 1993 and 27 
April and 25 August 1994. These periods covered the first and the second generation of 
each year, also called spring and summer generation respectively. In both years the first 
generation ·1asted until the end of June and the second generation started at the beginning 
of July. The end of the first generation was marked by a strong decrease in abundance and 
absence of newly emerged, i.e. undamaged and unmarked, butterflies. We captured but
terflies with a hand net and marked them to avoid double measurements by writing a small 
number with a non-toxic black pen on the hindwings. We took all measurements at the first 
capture. We assigned the dorsal wing colour to one of four categories from pale brown (1) 
to dark brown (4) . The dorsal pattern of black submarginal spots on the hindwings was 
scored in four categories: ( 1) three spots, (2) three spots and a vestigial fomth spot, 
(3) four spots but the fourth is small, and (4) four clear spots. Both indices have a high 
repeatability (V AN DYCK et al., 1997a). Forewing length was measured from the wing 
joint to the wing tip and read to the nearest 0.05 nm1 with calipers. Date (April 20 being 
1 ), time and exact location of the capture were also noted. 

First, we compared the overall mean values of the different wing features between 
males and females. Further analyses were performed on the males only since we had insuf
ficient data for the females. Second, we analysed the temporal variation of wing colour, 
wing length and spot pattern in relation to date, generation and year. ln the graphs (Fig. 2) 
we expressed the mean values by four equally long periods in the first and second gener
ation each, for convenience. In the second generation of 1993 we have data of a fifth peri
od. Third, we analysed the relations between the wing features by calculating cotTelations 
and perforrning a principal component analysis. Smoothed values (111oving averages) were 
used to plot the first principal component over time (cf. WINDIG et al., 1994). These mo
ving averages were calculated over a period extending irnrnediately before and after each 
date so as to include a total of at least eleven individuals (five before and five after). 
Temporal variation in the wing features and the principal component was analysed by gen
eral linear regression models (GLM-procedure in SAS, with type III Sum of Squares). 
GLM handles discrete variables (e.g., colour classes) and continuous variables (e.g., wing 
length) (SAS, 1990). The full model for each wing feature or principal component started 
with the seasonal parameters (date, generation and year) · and ail interaction terms. 
Minimum adequate mode! selection was done by backward elimination of the least sig
nificant factors of the full mode!. We used the SAS-package for ail the statistical analyses 
(SAS, 1990). Means are given ± SE. 

RESULTS 

Differences between sexes 

ln both years, males were the most commonly observed sex: 87.8% in 1993 (N=2 13) 
and 91.1 % in 1994 (N= 136). This is mainly caused by differences in activ i.ty, and thus 
apparency, of the sexes (cf DAVLES, 1978). Considering aU da.ta, we found females on 
average to be larger (F, ,m= 35.8 1, P = 0.000 l), darker (F ,,3, 9=5 .09, P=0.024) and of a high-
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er spot type (F 1.349=l0.86, P=0.0011) than males. Male wing length varied between 19.4 
and 24.8 mm with a mean of22.17±0.0l mm, and female wing length between 21.5 and 
25.4 mm with a mean of23.41 ±0.04 mm. Fig. 1. shows the frequencies of the colour and 
spot types for both sexes. 
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Fig. 1. - Total frequencies of(left) the different colour types (white = colom l or pale, shaded= 
colour 2, horizontal li.nes=colour 3 and black=colour 4 or dark) and (right) the different spot 
types (white = spot type 1, shaded = 2, horizontal lines = 3 and black=4) for males (N = 311) 
and females (N = 38) in the combined data set from 1993-94. 

Temporal variation in wing colour, wing length and hindwing spotting 

Earlier emerging first-generation males were paler than late emerging firnt-generation 
and second-generation males (Fig. 2). The analysis of variation in the brown background 
colom in relation to date, generation and year, showed a significant generation-year (P = 
0.021) and generation-date (P = 0.0007) interaction. When aualysing the generations sepa
rately, we found a strong effect of date and not of year in the first generation (F 1, 129 = 
13.55, P=0.0003) and a strong effect of year but not date in the second generation 
(FI , 182 = 19.04, P = 0.0001). The dorsal wing colom became darker with successive emer
gence within the first generation and remained dark. dming the second generation, but at a 
lower level in 1994 compared to 1993 (Fig. 2) . 

The largest individuals were found in the second half of the first generatfon (Fig. 2) . 
The analysis ofwing length variation showed a significant generation-date interaction (P = 
0.0003). In the separate analysis by generation, we found date as well as year to be sig
nificant in the first generation (F2.109 = 1 l.53 , P=0.0001: date F=20. 13, P= 0.0001 and year 
F= 4.57, P = 0.034) but we found no significant relation witb any variable in the second 
generation (F2•109 = 1.15, P = 0. 31). Successively emerging indiv iduals were larger within 
the first generation of both years, but were smaller in 1994, which explains the year effect. 
In the second generation mean size was comparable to the first generation but witb no sea
sonal trend. 
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Wing spotting increased with later emergence during the first generation, reaching the 
highest values in the late first-generation individuals (Fig. 2). The pattern of the second 
generation was more complicated and differed between years. The regression mode! kept 
date, year and the interaction between generation and date as significant tenns CF •. 3,0 = 
11.76, P=0.0001: date F=28.84, P = 0.0001, year F=6.60, P=0.0107, generation F= 1.44, 
P=0.23, and generation x date F=5.98, P=0.015). Since there was a significant genera
tion x date interaction, we split the further analysis for the first and second generation. In 
both cases, the only significant term retained by the final mode! was date (first generation : 
F,.129 = 21.60, P=0.0001 and second generation: F 1•181= 5.15, P = 0.024). In contrast to sea
sonal variation of wing colour and wing length". we also found a significant, though weak, 
date effect in the second generation. The results suggest, as shown by fig. 2, that the tem
poral variation of spotting from the first generation is repeated in the second, although the 
values for the second generation were lower. 

Relations between the wing features 

Darker individuals were on average larger and of higher spot type (Fig. 3 ). The corre
lations between the wing features are: wing colour - spotting: r= 0.41 , P=0.0001; wing 
colour - wing length : r=0.35, P = 0.0001 and spotting - wing length: r=0.32, P = 0.0001. 
The first principal component (PC 1) accounted for nearly 60 % of the total variation of the 
three features together. PCl was equally loaded by wing colour, spotting and wing length 
(Table I). The second and third principal component (PC2 and PC3) had smaller eigen
values (about 20 % each) and thus represented Jess variation than one trait separately. PC2 
mainly contrasted a large size with a low spot type (or vice versa) and PC3 a dark wing 
colour with low spot type (or vice versa) (Table I). 

TABLE l 

Weightings and eigenvalues f rom principal component analysis 
of the three stucliecl wingfeatures (dorsal wing colow; dorsal hindwing spotting 

and wing length) for the 285 males (ail data fi'om 1993 and 1994) 

PCl PCl PC3 
--

WrNG COLOUR 0.599 -0.236 -0.764 

SPOTTING 0.58 1 -0.526 0.6 19 

WrNG LENGTH 0.549 0.8 16 0. 178 

Eigenvalues 57.3% 23. 1% 19.6% 

PC l values increased with date in the first generation in both years and in the second 
generation the values of 1994 were lower than those of 1993 (Fig. 4). The general seasonal 
pattern of the PC l was sirnilar between the years (Fig. 4). ln the analysis of the PC l with 
the temporal variables we found a significant date-generation interaction (P= 0.0001). 
When splitting the further ana lysis for generation, there wa a ignificant date effect in d1e 
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first generation (F,,11 0=30.55, P=0.0001) and a significant year effect in the second (F,,173 = 
13.90, P=0.0003). 
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DISCUSSION 

We found tbat dorsal wing colour, spotting and wing lengtb in the males oftbe speck
led wood butterfly were interrelated and that tbese wing features varied seasonally but not 
necessarily in parallel. Darker males were on average larger and ofbigher spot type. In the 
first generation successively emerging males were darker, larger and of bigher spot type. 
In the second generation tbey remained on average rather dark and ofmediw11 size, but the 
variation in spotting repeated the pattern of the first generation tbougb Jess markedly. 
From the .total dataset we showed tbat females were on average darker, larger and ofbigb
er spot type than the males. 

The phenotypic composition of the population changed gradually over time, which 
implies that tbere were no discrete seasonal forms. The observed patterns ofsize and wing 
colour agree witb the results on British speckled woods of ROBERTSON (1980) and PACKER 
(1984), respectively. The seasonal pattern of submarginal wingspots appeared to be dif
ferent from the one of wing lengtb and colour; since the trend of the first generation was 
more or Jess repeated in the second generation. PACKER ( 1984) also found a repetition of 
the seasonal pattern for wing spotting in the two generations. However, this was only the 
case wben be analysed the specimens from a single location. ln bis entire dataset, with col
lected specimens from different localities, tbis trend was not detected and geograpbical 
differences for spot type within Great-Britain were found. 

Is tbere an adaptive explanation for being small and pale in ea rly spring? In several 
insects, including butterflies, it bas been shown tbat spring individuals were more 
melanized tban summer individuals for thermoregulatory reasons ( e.g. , SHAPIRO, 1976; 
KfNGSOLVER & WI ERNASZ, 1991 ; HüLLOWAY, 1993), wbicb is contrary to the pattern 
described here. In temperate regions ambient temperature and particularly irradiance is the 
bighest in summer (June-July-August). However, inadiance conditions vary in a different 
way at the tloor of a temperate deciduous forest since there is interference witb the degree 
of foliation: irradiance at the forest tloor peaks in the period April-May (LARCHER, 1995). 
Later in the season increasing fraction of the forest tloor becomes shaded and otber parts 
receive less radiation. In tbese conditions an i.ndividual may benefit from a larger size, 
whicb implies less influence of convective cooling wben tlying tbrough the forest 
(HEINRI CH, 1993), and from a darker dorsal colour, wbicb means an increased beating rate 
(VAN DYCK & MATT HY SEN, in press). Speckled wood males emerging in early spring 
(April-May) could afford a srnall er size and a paler dorsal surface. From the beginning of 
July radiation levels on the forest floor remain at a low constant Level (LARCHER, 1995), 
wb ich could explain wby we did not fwd significant differences with date for either wing 
colour and wing length in the second generation. 

Submarginal wing spotting is often cons idered as a predator detlecting device (BL EST, 
1957), bence our results might suggest seasonal variation in predation pressure. 
Alternatively, predation pressure may vary with the activity of the butterfly (BRAKEFIELD, 
1984). Brakefield sbowed that males of the meadow brown buttertly, Maniola jurtina, 
which are more active and therefore more vis ible for predators than females, bad more 
wingspots. Frequencies of behavioural strateg ies (probably witb different predation ri sks) 
vary seasonally in the speck.led wood (W!CKMAN & WLKLUND, 1983 ; Y AN DYCK et al., 
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1997a) and may vary geographically as well. DENNIS et al. (1986) showed that spotting 
differences were conelated with activity levels in Coenonympha tu/lia on a geographic 
scale (i.e. Britain). 

ln our population three-spot-individuals (classes 1 and 2) were more abundant (76.5 % 
from the total dataset of males) than four-spot-individuals (classes 3 and 4). This is in con
trast with the results of British studies with 35. l % and 33.8 % three-spot mares only 
(PACK.ER, 1984 and SHREEVE, 1987, respectively). Our study population seems to be rep
resentative for the Belgian population since three-spots were also more abundant in a large 
collection of Belgian speckled woods (Royal Belgian Institute for Natural Sciences, 
Brussels): from 313 male specimens 73.2 % were three-spot-butterflies (VAN DYCK, 
unpublished). This suggests a spotting difference on a geographic scale. 

The co1Telations between the studied wing features in the male speckled woods can be 
interpreted in relation to their mate-Iocating and possibly dispersal behaviour (V AN DYCK 
et al., l 997a): darker, larger males mainly patrol, while paler ones mainly perch in a ter
ritorial way. A higher spot type (i.e. four in stead of three wing spots) may be more bene
ficial to a patroller and disperser since the fourth wing spot is visible when flying but is 
rarely shown when sitting (VAN DYCK et al., 1997a). However, it remains unclear whether 
having a small, fourth wing spot has an adaptive value for predator deflection, and whether 
there is selection on that feature in our study population. 

The results for the females (which were on average darker, larger and with more spots 
than the males) suggest that they have the wing features of a «patrollern. Females, which 
are single egg-layers, spend a lot oftime searching for suitable hostgrasses (within a range 
of 24-30 °C) and they often have to cross shaded parts of the forest floor or even deposit 
eggs in shaded locations (SHREEVE, l 986a). The adaptive value of the female's phenotype 
needs however further investigation since not only mobility matters for the females but 
other aspects such optimal thennoregulation in relation to egg maturation and c1ypsis may 
play significant raies as well. 

The role of genes in the production of the studied wing features cannot be estin1ated 
directly from the results of this study. Nevertheless, it is Iikely that wing length and wing 
colour are examples of phenotypic plasticity. The second generation, descendents of the 
first generation, had a different average phenotype compared to their parental generation. 
Botb wing length and colour are probably influenced by the durntion or timing of the Iar
val stage (development time) which varies at Least seasonally. As in Britain (SHREEVE, 
l 986b) and southem Sweden (NYLIN et al., 1989), P aegeria is able to overwinter in 
Belgiwn in the pupal stage and in the Iarval stage as well (V AN DYCK, persona! observa
tion). As a result the early spring individuals ove1winter as pupae, the late spring butter
flies as larvae. The late-spring or larva-overwintering individuals were darker and Iarger 
than early spring or pupa-overwintering butterflies. The former li ve for a v~ry long peri
od as larvae (from autumn to early spring) and continue feeding when the ambient tem
perature is up to only a few degrees Celsius (6.5°C, LEES, 1962; 3-4°C, W1 KLUND et al., 
L 983). The adults of the second generation all develop and pupate in late spring or early 
sumrner conditions which vary less, and we found wing length and wing colour also to be 
less variable in the surnmer generation of both years. The temporal trends were similar in 
both years, but we found lower mean wing colour values in the second generation of 1993 
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compared to 1994. [t is worth remarking that the spring of 1994 (when the surnmer but
terflies were larvae) was wet and cold by Belgian standards. Nevertheless the wing fea
tures can be influenced by the same environmental variables (suggested by their conjuc
tion expressed in the PC l ). Wing colour and spotting are known to be develqpmentally 
independent since different pbysiological pathways are used (NIJHOUT, 1991 ). Therefore it 
is unlikely that the CO!Te(ation between pigmentation and spotting is causally linked. 
Moreover, we did find individuals with a dark wing colour and low spotting (or vice versa) 
as indicated by the weightings of PC 3 of the principal component analysis. 

Knowing that ( l) the first individuals of the summer generation are the offspring of the 
first of the spring generation (although there may be some overlap between the two emer
gences of the first generation), (2) the pattern of spot type of the spring generation was 
repeated in the summer generation, while this was not the case for wi.ng colour and wing 
length, we suggest that the genetic control for spotting is considerably larger than for 
colouration and size. This suggests that there would be seasonal variation in the genetic 
composition of the population . In other satyrine butterflies, spot pattern characters have 
been sbown to have a considerable heritability (BRAKEFIELD, 1984 ; B RAKEFŒLD & VAN 
NOORDWUK, 1985 ; W!NDIG, 1994). In the tropical satyrine Bicyclus anynana heritabilities 
of wing patterns vary with ambient temperature (WrNDIG, 1994) and within temperature 
regimes development time was related to the wing phenotype (B RAKEF IELD & RE1TSMA, 
1991 ; W!NDIG, 1992). ln the speckled wood, complex variation in development rates and 
even developmental pathways have been documented ( e.g., NYLIN et al. , 1989), but pos
sible associations with phenotype production remain obscure. Experin1ents are now under
way rearing several famili es under controlled climatic conditons in order to examine some 
of these interactions. 
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Abstract. Five hypervariable minisatellite loci were scored by Southern hybridisation to study 
the genetic differentiation among eight blue tit (Parus caeruleus) populations . Ali loci disp lay 
extreme levels of polymorphism in each of the populations. Deviations from Hardy-Weinberg equi
librium are detected for loci in some populations. There does not seem to be an i11fluence of the cur
rent degree of habitat fragmentation on genetic variation. However, despite high levels of gene tlow 
(low Fst-values), significant differentiation is found among some populations at these loci. The popu
lations di fferentiate according to random drift patterns, but, as suggested by cluster analys is, there 
might still be a small influence of gene flow. 

Keywords: minisatellites, single locus probe, genetic structure, random drift 

INTRODUCTION 

The application ofDNA fingerprinting (G ILBERT et al. , 1990), RAPDs (HADRYS et al. , 
1993) and single locus profiling with minisatellite (HANOTTE et al. , 199 1) or microsatel
lite (ESTOUP et al., 1995) markers in populati0n genetic studies is increasing. However, to 
date, most population genetic studies in birds employ a llozyme po lymorphisms (JOL-!N ON 
& M ART EN, 1989) or mitochondrial DNA (W ENfNK et al. , 1993), and rarely use the more 
recently developed techniques (HAIG et al., 1993). 

As part of our study on the reproductive success of the blue tit (Parus caeruleus, 
KEM PENAERS et al. , 1992), severa l bypervariable minisatellite single locus probes (SLPs) 
were developed (VERHEYEN et al. , 1994). Tbese markers were subsequently applied in a 
preliminary study to describe the genetic population structure of blue tit in three popula
tions around Antwerp, North Belgiurn (VEIU-ŒYEN et al. , 1995). Here, using 5 minisatel
li te loc i, we study the geoetic structure of 8 blue tit populations over a wider geograpl·üc 
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range in more depth. Our goal is to determine if the genetic variation and population dif
ferentiation follow specific geographical patterns and if habitat fragmentation has an effect 
on genetic variation within blue tit populations. ln this respect, this study is part of a lar
ger program in which the effects of habitat fragmentation on several animal species (birds, 
mammals and insects) are evaluated (MATTHYSEN et al., 1995). 

MATERIAL AND METHODS 

Isolation and characterisation of minisateUite markers 

Five minisatellite loci detected by three single locus probes (SLPs; cPcaMS 1, 
cPcaMS3 and cPcaMS 14) and one double locus probe (DLP; cPcaMS8, the two detected 
loci have well separated allele sizes), were used. The alleles of these markers range from 
1.8 kb up to 14 kb. The isolation and initial characterisation ofthese blue tit specific mar
kers is described in VERHEYEN et al. ( 1994). Details concerning the collection of blood 
samples and the techniques used during the processing of blood samples to single locus 
profiles can be found in VERHEY EN et al. (1994 and 1995). In short: high molecular weight 
DNA was digested with HinjI restriction enzyme. Fragments were separated overnight by 
electropboresis in 0.6% agarose gels . Tbe DNA was subsequently transferred onto nylon 
membranes by Southern blotting. SLPs are [ a-32P]dCTP label led and hybridised overnigbt 
to the nylon membranes at 68 °C, followed by severa l bigh stringency washes. After 
autoradiography ( overnight at -70 °C) the patterns were analysed. 

Defining alleles 

Tbe limited resolution of the agarose gel e lectrophoresis technique, combined witb tbe 
hypervariability of the minisatellite loci, make it impossib le to score the all eles di scretely, 
resulting in quasi-continuous allele distributions (BUDOWLE et al. , 199 l). Therefore, allele 
classes have to be constructed before any ana lysis can take place. In a previous ana lys is 
(VERHEYEN et al., 1995), we estimated the allele sizes by comparing tbe migration distance 
of the fragments to tbe migration distances of length markers (DuGGLEBY et al. , 1981). The 
alleles were then grouped in 100 bp classes . The drawback of tbis method is tbat tbe 
100 bp classes are too wide for the low molecular weight alleles (< 5 kb) and too nan-ow 
for the larger molecular weight alleles . Tberefore, the resulting di stributions do not accu
rately reflect the genetic variation observed on the gels. In tbis study another approacb to 
classify tbe alleles was used. By comparing the genotypes of individuals that were 
analysed more than once on separate gels, we observed that alleles differed by an average 
of O. 75% from their mean size. Allele size is not con-elated with the procentual deviation 
(r=-0.0003, details not sbown). For each of the markers, all alleles frorn ail populations 
were sorted by size. Starting from the smallest al lele, the next significantly differing allele 
was determined and "tagged ' '. Significance was detennined using a t-test and by deter
mining if the difference in size of the two alleles was larger than zero (5% significance 
level; the standard cleviation was based on the mean size of botb alleles). If not, the small
est allele was compared to the next (larger) allele, until a significant difference was fOlmd. 
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Sta1ting from the Jarger of the 2 significantly differing alleles, the process was repeated 
until the whole allele range of the locus was covered. Subsequently, ail alleles of a locus 
were grouped to the closest "tagged" allele. The mean size of each of the resulting groups 
was determined and was considered the midpoint of that allele class. For each separate 
populat_ion ail alleles were grouped according to these classes and the resulting allele dis
tributions were used in the analyses. 

Populations sampled 

During spring 1994, blue tits from 8 populations were sarnpled. Five populations are 
situated near Antwerp: plot PB (plot B in DHON DT 1989, 12.5 ha) is part of the large 
" mainland " population Peerdsbos (total > 200 ha); ealixbergen (hereafter called e x , plot 
e in DHONDT 1989, 17 ha) is an isolated estate situated 2 km south of PB ; the Boshoek 
populations (three plots were sarnpled : ZZ, KB and LL, ail 7 to 11 ha) are a set of srnall 
and isolated woodlots to the south of Antwerp, 17 km from the nortbem populations e x 
and PB. One population near Ghent (Hutsepot, approximately 50 km west of Antwerp, 
hereafter called GE) and two populations near Kortrijk ( ca lled KA and SA, separated by 
2 km ; situated 90 km west of Antwerp) were also sampled. The number of individuals 
sarnpled from each population is sbown in table l. Ali study sites are optimal habitat for 
blue tits with perhaps the exception of the Ghent population (DH ON DT & EvcKERMAN, 
1980). 

TABLE 1 

Characteristics of the genetic variation displayed by the minisatellite markers in the populations sur
veyed. Nind= number of individuals sampled. Nall= observed number of d/fferent alleles in the 
population. Hexp= (unbiased) heterozygosity expected under Hardy-Weinberg (HW) equilibrium. 
Hobs = observed heterozygosity. P= exact probability with standard error (SE) for detection of 
deviations .fiwn 1-fW-equilibrium. Fis= inbreeding coefficient. M= mean for ail rnarkers. 
Significant deviations (P<0.05).from HW-equilibrium are indicated in bold. 

Marker Nind Nall Hexp Hobs p SE Fis 
-- -- ----- - - ---

KA Kortrij k 

MS I 18 21 0.96 1 0. 8~9 0.332 0.004 0.076 

MS3 15 16 0.9 11 0.800 0.2 16 0.004 0.156 

MS8a 17 2 1 0.966 0.941 0.489 0.00 1 0.027 

MS8b 17 2 1 0.972 0.941 0.650 0.006 0.032 

MS l 4 16 16 0.935 0.875 0.125 0.004 0.067 

M 0.955 0. 889 

------ ----- -
SA Kortrijk 

MS I 43 2 1 0.945 0.860 0.024 0.004 0.085 

MS3 4 1 31 0.966 0.902 0.036 0.003 0.067'' 

MS8a 42 37 0.976 0.976 0.417 0.01 2 -0.003 
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MS8b 43 35 0.975 0 .977 0.960 0.002 -0.001 

MS14 44 28 0.935 0.864 0.009 0.001 0.097 

M 0.964 0.9 16 

GE Ghent 

MS! 28 20 0.937 0.82 1 0.005 0.001 0.125 

MS3 27 24 0.958 0 .8 15 0.0004@ 0.000 0.151 * 
MS8a 28 30 0 .974 l.000 0.5 88 0.01 5 -0.026 

MS8b 26 30 0 .972 0 .846 0.037 0.008 0.132* 

MSl 4 28 24 0.962 0 .893 0.0004@ 0.000 0.073 

M 0.96 1 0 .875 

PB Antwerp 

MS! 34 20 0.947 0.824 0.017 0.003 0.132 

MS3 33 29 0 .959 0.788 0.002 0.000 0.180* 

MS8a 33 31 0 .966 1.000 0.707 0.011 -0.036 

MS8b 33 3 1 0.974 0.909 0.305 0.006 0 .067 

MS l4 34 27 0 .963 0.882 0.032 0.004 0.089 

M 0. 962 0 .881 

zz A11twerp 

M SI 47 25 0.943 0.85 1 0.002 0.00 1 0.098 

MS3 44 34 0.96 1 0.932 0 .5 16 0 .008 0.034 

MS8a 48 35 0.962 0.979 0.658 0.012 -0.0 17 

MS8b 49 37 0.966 0.898 0.021 0.003 0 .071 

MS L4 50 32 0.968 0.960 0.6 15 0.017 0.008 

M 0.960 0.924 

KB Antwerp 

MS I 23 19 0.944 0.913 0.688 0.003 0.033 

MS3 24 23 0.960 0.875 0.246 0.005 0.090* 

MS8a 23 25 0.964 0.870 0.118 0.007 0.105 

MS8b 23 26 0 .968 0.957 0.642 0.006 0.0 12 

MS l4 23 23 0.957 1.000 0.772 0.008 -0.052 

M 0.959 0.923 

--- ---

LL Antwerp 
---

MSL 30 24 0.956 0.933 0.442 0.004 0.023 

MS3 29 29 0.954 0. 793 0.020 0.005 0.178'"' 

MS8a 29 27 0 956 0.931 0.18 l 0.009 0.027 
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MS Sb 29 28 0.970 0.862 0.007 0.001 0.113 

MSl4 30 29 0.966 0.933 0.541 0.010 0.034 

M 0.960 0.891 

ex Antwerp 

MS! 49 21 0.945 0.980 0.970 0.001 -0.038 
MS3 48 35 0.971 0.960 0.587 0.006 0.012 
MS8a 50 34 0.962 0.878 0.011 0.002 0.088* 
MS Sb 49 35 0.964 0.938 0.703 0.004 0.028 
MSl4 50 33 0.968 0.941 0.360 0.014 0.027 

M 0.962 0.939 

* P<0.005 ; @ significant after conecting for multiple testing 

Analysis 

Exact tests on Hardy-Weinberg (HW)-equilibriurn and population differentiation were 
perfonned using the Genepop version 2 software (RAYMOND ROUSSET, 1995). Wright's Fst 
was also estirnated using Genepop version 2. Fst is a rneasure of the amount of genetic dif
ferent iation between subpopulations. Significance of Fst-values was estimated by resam
pling over genotypes (RAYMOND & ROUSSET, 1995). The inbreeding coefficient Fis is a 
rneasure of the deviation from HW-proportions within populations and was also estimat
ed with Genepop. PHYLIP 3.5c (FELSENSTEIN, 1989) was used to perforrn clusteranalyses 
(using the CONTML option). CONTML assumes that the loci evolve under the influence 
of randorn genetic drift. Significance of the nodes in the dend.rograms was tested by boot
strapping over loci. 

RESULTS 

Genetie variation, heterozygosity and Hardy-Weinberg equilibrium 

The main characteristics of the minisatellite loci in each of the populations are given 
in table 1. Ali loci d.isplayed extreme polymorphism in each of the populations, wbich was 
illustrated by the large nurnber of alleles and resulting h.igb observed and expected hetero
zygos ities. The mean nmnber ofalleles (observed over a.Il populations) per locus equalled 
50. This number migbt even be an underestimate because of the limited resolution of the 
agarose gel electrophoresis technique and the possible variation within the repeat 
sequence of the minisatellites (JEFFREYS et al , J 991). 

The mean observed beterozygosities were always lower than their expected values, 
and some of the Fis-values were significantly larger tban zero. These values might at fiJst 
appear to suggest that inbreeding occurs within the populations. However, there was no 
consistent deficit of heterozygotes for ail loci within a speci:fic population as could be 
expected witb inbreeding. More probably, given the technical limitations in the resolution 
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of the alleles, the deviations were mainly caused by pseudohomozygosity (D EVLIN et al. , 
1990) and the occurrence of null-alleles (alleles that only have a limited amount of repeats 
and therefore fait to hybridise efficiently ; CHAKRABORTY et al. , 1992). 

We tested the differences between mean heterozygosities among pairs of populations as 
described by NEI (1987; details not shown). No significant differences were found. However, 
single locus heterozygosities (especially the observed values) fluctuated more between popu
lations and several significant differences (P<0.05, details not shown) were found. 

According to the exact test, in 15 (out of 40) cases, loci had genotype frequencies that 
did not conform to their expected HW-proportions. However, when Bonferroni-correc
tlons were applied, only 2 significant deviations remained (P < 0.00125). 

Genetie differentiation between populations 

An exact test over ail populations indicated that there were significant differences 
among the populations (table 2). Four of the 5 loci showed significant differentiation, the 
fifth was just off significance at the 5% level. 

TABLE 2 

Exact test (Raymond and Rousset 1995) of dijferentiation over all 8 populations. 
Signijicanl P-values (S.E.= standard err01) are indicated in bold. 

Locus p S.E. 

MS I 0.0645 0.0025 

MS3 0.0006 0.0002 

MS8a 0.0031 0.0005 

MS8b 0.0003 0.0001 

MS .1 4 0.0320 0.0035 

Total < 0.0001 

Table 3 gives the Fst-values and the results of the exact test of population djfferentia
tion between ail combinations of 2 populations. Significant differentiation was found 
among many of the populations. Because 2 loci showed sig1iificant deviation from HW
equi librium, resampling procedures over genotypes were also performed (Fst-ba ed test). 
The level of signjficance is indicated by a (not igrüficant), b (0.05 > P > O.O1), c 
(0 .005 > P > 0.002) or d (P <0.002). Most Fst-values are relatively low, indicatü1g rugb lev
els of gene flow between the population . The Fst-values are not correlated witb ample 
size (r= 0.007; df= 26; ns) and were used to search for correlations with geugraphic di -
tance. The expected positive correlation (under the bypothesis of isolation-by-distance) 
was not found (Mantel test; r= -0.22; df= 26; ns), suggesting random differentiation 
between the populations. Fin ally, a clu ter analysis was performed on the data. CONTML 
assumes tbat the loci evolve under the influence of pure random drift and might therefore 
provide the most appropriate mode!. The results are hown in figs . la and 1 b. The first 
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dendrogram shows that nearby populations are preferentially clustered together. The result 
of the bootstrap option is shown as well but indicates that several nodes are not signifi
cant. 

TABLE 3 

Exact ?-values for dif]èrentiation among pairs of populations (below the diagonal) and Fst-values 
above the diagonal. a, b, c, d: levels of exact P-values among the populations according to the 
(genotype based) exact test of Raymond and Rousset (1995). (a: P> 0.05; b: 0.05> P> 0.01; c: 

KA 

SA 

GE 

PB 

ex 
zz 
KB 

LL 

a. 

O. 005> P> O. 002; d: P< O. 002). 

KA SA GE 

O.OOOa 0.003a 

0.413 O.OO!a 

0.010 0.117 

0.025 0.052 0.009 

0.107 0.005 0.030 

0.00005 0.00003 0.002 

0.036 0.039 0.016 

0.012 0.004 0.006 

+----------------------LL 1994 
+---5 

+---------------------KB 1994 

+-----------------CXl 994 
+--1 

+-----------------PBI 994 
----3---2 

+----------------GE 1994 
+--6 

+-----------KA 1994 
+---4 

+------------SA 1994 

+------------------------ZZl 994 

PB 

0.004a 

O.OOla 

0.002a 

0.099 

0.0002 

0.025 

0.0005 

ex 

0.003a 

O.OOla 

0.003a 

O.OOla 

0.00002 

0.003 

zz 

O.O!Od 

0.005d 

0.005b 

0.005d 

0.005d 

0.027 

KB LL 

0.004a 0.008b 

0.003a 0.002b 

0.004a 0.004b 

0.003a 0.006c 

0.004b 0.007d 

0.004b 0.006d 

O.OO!a 

0.000005 0.00008 0.256 

b. 
+---CX1994 

+-24.0 
+-39.0 +----PB1994 

+-61.0 +---------GE1994 

+----KA1994 
+-85.0 +------82.0 

+----SA1994 
+99.0 

+-------------------ZZl 994 

+--------------------------KB 1994 

+---------~--------------------LL 1994 

Fig. 1. - Dendrograms clusteri11g the 8 populations. Figme 1.a. results of the eONTML
option ; figure l.b. results of the bootstrap option. Nwnbers at tbe nodes indi.cate tihe number 
of times this node was formed in 100 dendrograms. 



186 VERHEYEN, MATTl-IYSEN, ADRIAENSEN, VAN BROECKl-IOVEN AND Dl-IONDT 

DISCUSSION 

Apart from its frequent use in paternity studies (KEMPENAERS et al. , 1992), multilocus 
DNA fingerprinting has only been used in some population genetic studies in natural 
populations, for example to find the phylogenetic relationships between small, isolated 
populations (GILBERT et al., 1990). W AUTERS et al. , (1994) have also shown that genetic 
variation is reduced in isolated populations of the red squirre! (Sciurus vulgaris) due to 
reduced immigration. However, multilocus profiles are not easy to score and cannot be 
used in studies where the characterisation of single loci is desirable. Most population 
genetic studies that use minisatellite SLPs are performed in human populations (FLINT et 
al., 1989 ; D EKA et al., 1991). This is due to the species-specificity of the SLPs. However, 
the difficulti es in the characterisa_tion of the alleles at these loci is probably also an impor
tant reason, because studies using species-specific microsatellite markers are increasing 
(ESTOUP et al., 1995). The allele scoring method used here is specific for this study, mak
ing direct comparisons among different studies impossible (even if they make use of the 
same markers). New studies, making use of the same markers used in this study, should 
preferentially reanalyse ail data in order to construct allele classes that can be used to com
pare directly the allele distributions of new populations with the populations studied here. 
However, this should not be necessa1y if one wishes to compare the general results 
obtained over studies. The inability to score ail alleles discrete ly is a serious drawback of 
minisatellites, which limits the use ofthese markers . However, the markers are capable of 
detecting subtle differences among populations (as shown in this study) and are therefore 
very helpful in testing specific hypotheses (as has been documented in Dias et al. , 1996). 
Microsatellite markers might also be useful in tbese kinds of studies, because tbey are 
highly polymorphie (although they are less polymorphie than the minisatellite markers 
described here). The alleles of microsatellites can be scored without error, making direct 
comparisons among different studies possible. Analysing microsatellite markers is much 
faster and requises less DNA than Southern blot based methods . Moreover, using fluores
cence techniques, severa l markers can be analysed simultaneously. Unfortunately, there 
are no microsatellite markers available for the blue tit. 

In this study, ail loci were extremely polymorphie in each of the populations. This higb 
heterozygosity is found in hurnan minisatellite loci as well (JEFFREYS et al. , 1988). The 
heterozygos ities reported bere are mucb larger than those fow1d for mini satellite loci in the 
Indian peafowl Pava cristatus (22-78%, HANOTTE et al. , 1991) or in the chicken (BRUFORD 
BURKE, 1991). However in those studies the birds"belonged to semi-captive or inbred pop
ulations, which might explain the reduced heterozygosities. Here, the observed genetic 
variation of the separate loci was bighly variable and fluctuated st:rongly between popula
tions. However, the mean heterozygosity was comparable in each of the populations. It 
therefore appears tbat, despite the high ly fragmented nature of some of tbese populations, 
there is no loss of genetic variation witb in the populations. Thi s result is not surprising, 
considering the di spersa l capac ities of blue tits . Nevettheless, KEMPENAER et al., (1996) 
fo und that in population ex the proportion of bands shared between parents on multilo
cus fingerprints was correlated. with the number of eggs which fai led to batcb from tbeir 
nests, providing evidence of a deleterious effect of possible inbreeding. 



DIFFERENTIATION AMONG BLUE TIT POPULATIONS 187 

Apart from technical influences, the observed deviations from HW-equilibrium 
(table 1) can be caused by several population processes. However, because the alleles are 
grouped in classes, the results can only be considered as possible indications of deviations 
from equilibrium. Minisatellites seem to behave neutrally (CLARK, 1987 ; JEFFREYS et al. , 
1988), excluding selection as a possible cause for the deviations. The high mutation rates 
at these loci are probably negligible compared to other processes that might influence HW
equilibrium. Rather, the deviations are influenced by the combination of dispersal (which 
is high in the blue tit ; BERNOT & STERNBERG, 1969), variation in reproductive success 
{KEMPENAERS et al., 1992) and random genetic drift. 

As also observed in an earlier study (VERHEYEN et al., 1995), significant differentia
tion between populations sometimes occurs, despite high gene tlow levels. Interestingly 
and unlike in the previous study, only a proportion of the populations appear to be strong
ly differentiated from the other populations (if the Fst-based test is used, which is based 
on resampling over genotypes): ZZ, KB and LL, which all belong to the BO-population. 
In our previous study, data from 2 breeding seasons were pooled. Perhaps this stressed the 
differences among the populations due to the conservation of related alleles over breeding 
seasons. If this is so, the significant results of the BO subpopulations might be explained 
by a smaller genetic turnover in these populations, which could be due to the high level of 
fragmentation from these populations. However, as already mentioned, no significant 
effects of fragmentation on genetic diversity were seen. 

Despite the use of a different type of marker, the Fst-values are comparable with esti
mates in other bird species (ROCKWELL BARROWCLOUGH, 1987). The previously reported 
isolation-by-distance effect (VER.H EYEN et al. , 1995) was not observed in tbis study over a 
wider geograpbical area, and tbere is no con-elation between Fst and geograpbic distance. 
We also estirnated Nei 's genetic distance, but Nei 's di stance appears to be negatively cor
related with sample size (r= -0.73; df=26; P < 0.001), and was therefore not su itable fo r 
further analyses (details not shown). The Fst-values rather suggest a random drift pattern 
of differentiation. This pattern is supported by the fluctuations in heterozygosities. 
Nevertbeless, the results of a clusteranalysis could indicate tbat gene tlow between close
by populations might influence the random drift effects. However, several nodes were not 
significant, making alternative dendrograms poss_ible as we ll. 

In conclusion, we can say that the present: bigh leve l of habitat fragmentation does not 
seem to bave an effect of loss of genetic variation witbin blue tit popu lations as measmed 
witb minisatellite SLPs. Differentiation between popu lations fo llows a pattern resembli.ng 
random drift. Random drift and migration probably cause the observed deviations from 
HW-equilibrium (apart from technical reasons) and the fluctuations in heterozygosities. 
Gene flow and/or the reso lution of the markers are not higb enough to induce an isolation
by-distance effect. The conelations between the genetic di stance measures (Nei) and the 
sample size are very troublesome and we urge caution in interpreting min isatellite data. 
Fortunately, Fst-values were not correlated with sample size. Nevertbeless, when using 
VNTR markers in population genetic studies, ail the drawbacks have to be kept in mind 
and appropriate sampling designs worked out whenever possib le. 



188 VERHEYEN, MATTHYSEN, ADRIAENSEN, VAN BROECKHOVEN AND DHONDT 

ACKNOWLEDGEMENTS 

We would like to thank Mr. De Baere and l1is collegues from Kortrijk for collecting the blue tit 
bloodsamples of KA and SA populations. In this respect we also thank Dr. J. De Laet for taking 
bloodsamples from the population near Ghent. We wish to thank Dr. Michel Raymond for providing 
the Genepop software. We thank the Bracht family for allowing us to work on their estate. GRV was 
supported by a grant from the IWONL (Instituut voor Wetenschappelijk Onderzoek in Nijverheid en 
Landbouw). EM is Research Associate with the Belgian National Fund for Scientific Research. 

REFERENCES 

BERN DT, R. & H. STERNBERG (1969) - Terms, studies and experiments on the problems of bird dis

persion. ibis, 110: 256-269. 

BRUFORD, M.W. & T. BURKE (1991) - Hypervariable DNA markers and their applications in the 
chicken. ln: BURKE, T. , DOLF, G. , JEFFREYS, A.J. & WOLFF, R. (Eds) DNA finge1printing : 
approaches and applications. Birkba user Verlag, Base!, Boston, Berlin: 230-242. 

BUDOWLE, B., A.M. GIUSTI, J.S. WAYE, F.S. B AECHTEL, R .M. FOURNEY, 0.E. ADAMS, L.A. PRESLEY, 
H .A. DEA DMAN & K.L. MoNSON ( 1991) - Fixed-bin aualysis for stati stical evaluation of contin
uous distributions of allelic data from VNTR loci , for use in forensic comparisons. Am. J. Hum. 
Genet., 48 : 841-855. 

ÜIAKRABORTY, R., M . D E ANDRAD E, S.P. DAIGER & B. B UDOWLE (1992) - Apparent heterozygote 
deficiencies observed in DNA typing data and their implications in forensic applications . Ann. 
Hum. Genet. , 56: 45-57. 

A.G. CLARK (1987) - Neutrality tests of highly polymorphie restriction fragment length polymor
phisms. Am. J. Hum. Genet. , 41 : 948-956. 

D EKA, R ., R. ÜIAKRABORTY, & R.E . FERRELL (1991) - A population genetic study of s ix VNTR loci 
in three ethnically defined populations. Genomics, Il: 83-92. 

D EV LIN, B. , N. RlscH & K. ROEDER ( 1990) - No Excess of Homozygosity at Loci Used for DNA 
F ingerprinting . Science, 249: 141 6- 1420. 

A.A. ÜHONDT (1989) - Blue Tit. ln: N EWTON, I.A. (ed) Lifetùne Reproduction in Birds. Academ ic 
Press, London: 15-33. 

DHONDT, A.A. & R. EYCKERMAN ( 1980) - Competition and the reguJation of numbers in Great and 
Blue Tit. Ardea, 68: 12 1-132. 

DIAS, P. C., G .R. V ERHEYEN & M . RAYMOND ( 1996) - Source-S ih.k populations in Mediterranean blue 
tits : evidence us ing single- locus min.isa te llite probes . J. Evol. Biot. , 9: 965 -978 . 

D uGGLEBY, R.G. , H. K1NNS & J.L. Rooo (1981) - A computer Program for Determining the Size of 

DNA Restriction Fragments. Analyt. Biochem., 110: 723-725. 

Esrnur, A. , L. GARNERY, M. SOLIGNAC & J. -M. CORNUET (1995) - Microsatelli te variation iJ1 Honey 

Bee (Apis Mellifera L.) populations: hierarchical genetic structure and test of the infinite a lle le 
and stepw ise mutation rnodels. Genetics, 140: 679-695. 

J. FELSENSTEIN ( 1989) - PHYLIP- Phylogeny lnference Package (version 3.2). Cladistics, 5 : l 64-

166. 

FLI NT, J., A.J. BOYCE, J.J. MARTINSON & J.B. CLEGG ( 1989) - Population bottlenecks in Po lyne ia 
revea led by minisa te lli tes . Hum . Genet., 83: 257-263 . 

G ILBERT, D.A., N. LEl·IMAN, S.J. O 'BRIEN & R.K. WAYNE (1 990) - Genetie fingcrprinting reflects 
popu lation differentiation in the Ca lifomia chaLmel is land fox. Nature. 344: 764-766. 



•' 

DIFFERENTIATION AMONG BLUE TIT POPULATIONS 189 

HADRYS, H., B. SCH IERWATER, S.L. DELLAPORTA & L.W. Buss (1993) - Determination ofpatemity in 
dragonflies by Random Amplified Polymorphie DNA fingerprinting. Malec. Eco!. , 2: 79-87. 

HAIG, S.M., J.R. BELTHOFF & D.H. ALLEN (1993)- Examination of population structure in red-cock
aded woodpeckers using DNA profiles. Evolution, 47: 185-194. 

HANOITE, O., T. BURKE, J.A.L. ARMOUR & A.J. JEFFREYS (1991)- Hypervariable minisatellite DNA 
sequences in the Indian Peafowl Pavo cristatus. Genomics, 9 : 587-597. 

HILLIS, D.M. & C. MORITZ ( eds) ( 1990) - Molecular Systematics. Sinauer Ass. lue., ... pp. 

JEFFREYS, A.J., N.J. ROYLE, V. WILSON & z. WONG (1988) - Spontaneous mutation rates to new 
length alleles at tandem-repetitive hypervariable loci in human DNA. Nature, 332: 278-281. 

JEFFREYS, A.J., A. MACLEOD, K. TAMAKJ, D.L. NEIL & D.G. MONCKTON ( 1991) - Mi.nisatellite repeat 
coding as a digital approach to DNA typing. Nature, 354: 204-209. 

JOHNSON, N .K. & J.A. MARTEN ( 1991) - Evolutionary genetics of flycatchers. III. Variation in 
Empidonax hammondii (Aves: Tyrannidae). Can. J. Zoo!. 69: 232-238. 

KEMPENAERS, B., G.R. VERHEYEN, M. VAN DEN BROECK, T. BURKE, C. VAN BROECKHOVEN & 
A.A. DHONDT ( 1992) - Extra-pair paternity results from female preference for high-quality males 
in the blue tit. Nature, 357: 494-496. 

KEMPENAERS, B. , F. ADRIAENSEN , A.J. VAN NOORDWIJK & A.A. DHONDT (1996) - Genetie similarity, 
inbreeding and hatching failure in blue tits: are unhatched eggs infertile? Proc. R. Soc. London, 
i.n press. 

MAITHYSEN, E., L. LENS, S. VAN DONGEN, G.R. VERJ-ŒYEN, L.A. WAUTERS, F. ADRJAENSEN & 
A.A. DHONDT ( 1995) - Diverse effects of forest fragmentation on a number of aiùmal species. 
Belg. J. Zoo!., 125: 175-1 83. 

M. NEI (1987)- Molecular Evolutionary Genetics. Columbia Un iversity Press, New York, ... pp. 

RAYMOND, M. & F. RO USSET (1995) - Genepop (ver. 1.2.): a population genetics software for exact 
test and ecw1iscism. J. Hered., 95: 248-249. 

ROCKWELL, R.F. & G.F. BARROWCLOUGH ( 1987) - Gene tlow and the genetic structure of populations. 
ln: F. COOKE & P.A. BUCK.L EY (Eds), Avian Genetics : a population and ecological approach. 
Acad. Press lnc. London: 223-255. 

VERJ-IEYEN, G.R., B. KEM PENAERS, T. BURKE, M. VAN DEN BROECK, C. VAN BROECKJIOVEN & 
A.A. DHONDT (1994) - Identification of hypervariable single locus minisateLlite DNA probes for 
the blue tit (Parus caeruleus). Malec. Eco!., 3: 137-143. 

VERHEYEN, G.R., B. K EMPENAERS, f. ADRIAENSEN, M. VAN DEN BROECK, E. MAITHYSEN, C. VAN 
BROECKHOVEN & A.A. DHONDT ( 1995) The genetic structure of blue tit (Parus caeruleus) popu
lations as revea led by mini satellite single locus probes. Heredity, 75: 571-577. 

WAUTERS, L.A., y HUTCHI NSON, D.T. PARl( IN. & A.A. DHONDT (1994) - The effects of habitat frag
mentation on demography and on the loss of genetic variation in the red squi.rrel. Proc. Roy. Soc. 
London B, 255: 107- l l l. 

WEN INK, P.W. , A.J. BAKER & M.G.J. TILA NUS (1993) - Hypervariable-contro l-region-sequences 
reveal global population structuring in a long-distance migrant sboreb ird, the dunJin (Caleclris 
alpina). Froc. Nat!. Acad. Sei. USA, 90: 94-98. 



, . 

Belg. J. Zoo!. - Volume 127 ( 1997) - issue 2 - pages 191-195 - Brussels 1997 

SHORT NOTE 

EFFECTS OF SOIL ACIDIFICATION ON REPRODUCTIVE SUC
CESS IN GREAT TITS BREEDING IN FORESTS ON NUTRIENT
POOR SOILS IN FLANDERS, BELGIUM 

RIANNE PINXTEN AND MARCEL EENS 

Department of Biology, University of Antwerp, U.T.A., Universiteitsplein 1, B-2610 Wilrijk, Belgium. 
e-mail: eens@uia.ua.ac.be 

Key words: Acid rain, so i! acidification , eggshell , Parus major. 

It has been recently shown that on nutrient-poor, acidified so il s in the Netherlands an 
increasing number of great tits, Parus major (LrNNAEUS, 1758), and other forest passerines 
produce eggs with thin and porous shells and have low reproductive success as a result of 
calcium deficiency (1, 2). In a mixed deciduous-coniferous forest on nutrient-poor sandy 
soi!, representative of 80% of the Dutch forests , the proportion of great tits Jaying eggs 
with defective shells increased from 10% in 1983-1984 to 40% in 1987-1988 (15) . A sim
ilar increase in eggshell defects and associated laying irregularities have been reported for 
tits and other species in Europe and in North America (3, 4, 5, 6, 7, 8, 9) . The causes of 
this phenornenon have been studied in detail in great tits in the Netherlands (1 , 2, 10, 11 ). 

Female granivorous and insectivorous birds, including great tits, apparently depend on a 
higb level of dietary calcium during the laying phase, which they nom1ally obtain through the 
uptake of snai l shells or other calci1m1-1i ch items (2, l 0, 12, 13). Atmospberic deposition of acid
ifying cornpounds («acid rain») has caused a decline in snail populations on poorly bu:ffered 
sandy soils, because calcium needed for sbell fonuation becomes tmavaiJable. This decrease in 
snail abundance on nut:rient-poor soi]s caused by man-made acid rain bas been demonstrated to 
be responsible for the decl.ine in eggshell quality in great tits breed.i.ng in forests on nutrient-poor 
soi ls (11 ). In forests with a scarcity of snails and high rates of eggsbeU defects, some of the birds 
tiy to compensate for the Jack of snai l sheUs by using anthropogen.ic ca lcium sources such a 
chicken eggshells and mortar that they obtain outside the forest at fanns and picnic sites. 

Although the detailed studies of Grave land in the Netberlands ( l , 2, l 0, 11) provide 
evidence that calc ium deficiency can be a widespread phenornenon in many acidified 
areas, there are very few data to support this claim. This is due to several reasons (see 11), 
an important one being tbat eggshell defects are hard to recogn.ize for the untrained eye 
and also may be overlooked because eggs witb defective sbells are often removed by the 
parents. Also, in most counb·ies study sites are usually situated close to hrnnan settlements, 
where calcium deficiency is LlJllikely to occuJ due to the presence of anthropogenic calci
um sources. Detennining the extent of calciwn deficiency in other countries, and espe
cially in remote areas wbere ~nthropogenic calc ium sources are not available, should be a 
first priority (11). 
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To our knowledge, the occurrence of this pbenomenon has not been investigated or 
reported in Belgiwn. Here, we report the results of a preliminary study on the effects of 
soil aëidification on the eggshell quality and reproductive success in great tits breeding in 
a forest on nutrient-poor sandy soil in a relatively remote area in Flanders, Belgium. 

The study was conducted in 1995 in a coniferous forest on nutrient-poor sandy soil in 
the Nature Reserve «De Kalmthoutse Heide (The Kalmthout Heath)» in Kalmthout (4° 25' 
N, 51° 25' E), situated about 40 km north-west of Antwerp. At the end ofFebruary 1995, we 
erected 21 nestboxes for great tits in a cortjfei·ous forest, situated near the border witb The 
Netherlands. The pH-~O (J :2) value of the soi! in this study site was measured and varied 
between 3 - 4. The study site in the Kalmthoutse Heide eau be considered as a remote area, 
since nearly ail nestboxes were situated more than 500 m from htunan settlements in the 
neighbourhood (mainly farms) and it bas been shown that great tits do not travel more than 
500 m away from their nest site in search of anthropogenic calcium sources (2). In 1995, we 
also studied the occwTence of egg-shell defects in a great tit population breeding in a nest
box colony (23 nestboxes) on nutrient-rich soi! on the University Campus of the Unjversity 
of Antwerp in Wilrijk. The latter cont:rol study site, with a pH-~O (1 :2) value of 6, is situat
ed ve1y close to human settlement. In both study sites nestboxes were checked every 4 to 5 
days from the moment nesting material appeared. When eggs were present in the nestbox, 
the quality of the shell of each individual egg was evaluated. We djstinguished between eggs 
with a nonnal shell and eggs with a deviant shell. Eggs with deviant shells eau be recognjzed 
by their rough, dull shell surface and abeJTant pigmentation (Fig. 1; Table 1 ). Ali eggs in a 
nest were individually numbered to detennjne the hatching success of each egg. 

TABLE l 

Criteria used Io evaluate the shell quality of eggs ofgreat lits (afier Graveland, 1993). 

normal shell 

- Clearly distinguishable spots. 
Eggs are very rarely entirely white. 

- Shell surface is smooth and glossy. 

deviant shell 

: - Smeared spots. There is a pü1k bloom on (part 
: of) tbe egg. Sometlmes eggs are entirely wbüe. 

: - Shell surface is rough and du ll. 

- Pigmentation is usually evenly distiibuted on shetl : - Pigmentation is a lmost always concentrated 
surface. Sometimes there is a wreath of pigmenta- j a round the blunt top of the egg. 
tion around the blunt top of the egg, but the spots j 
are always clearly and separately recognizable. ' 

- There are never holes in the egg. 

- Egg is never desiccated. 

j - Sometimes holes in the egg are visible with the 
: naked eye. 

: - Egg is usually il1 the process of des iccation. 
Often, the de iccation can already be observed 
duri ng the lay l!Jg period because die air charn
ber enlarges qui ckJy. 

Eggs wiili normal shell s never become desiccated. Eggs widl deviant shells oflen become desic
cated. As a resul t of desiccation the content of the egg drops to one side. ln extreme cases, the con
tent will become separated fro m ilie shell. 

·• 
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Fig. 1. - Deserted clutcb of Great Tit containing one egg witb a defective sbell 
(top rigbt) and two eggs with normal sbells. Pbotograph: with permission from 
Jaap Graveland. 
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Data were analysed using the statistical packages SPSS/PC and StatXact-Tmbo with 
standard techniques (14). Data expressed as percentages were arcsine square-root trans
formed to nonnalize. 

ln total 6 out of 16 (38%) females breeding on nutrient-poor soi! in the Ka lmthoutse 
Heide produced eggs with defective shell s, compared to none of the 21 females breeding 
on the University Campus on nutrient-rich soil (X' =9.40, P<0.01 ). When comparing the 
proportion of aberrant eggs between the two study sites, 19 (14%) out of 138 eggs in the 
Kalmthoutse Heide had a deviant shell cornpared to none out of 207 eggs on the 
University Campus in Wilùjk (X' = 30.16, P< 0.0001 ). ln the Kalmthoutse Heide the pro
portion of eggs with defective shells in the six clutches contaiillng deviant eggs was on 
average 42%, and varied from 9% to 67%. Only 14% (3 out of 19) of the eggs with deviant 
sbells hatcbed, compared with 98% (115 out of 11 9) of nonnal eggs. This difference in 
hatcbing success between the two egg categories is bighly sigillficant (X' = 86.42, P < 
0.0001). Twelve of the 16 eggs witb defective shells that did not hatch, became desiccat
ed during the laying or the early incubation period, two eggs ilid not hatch due to shell 
breakage, one egg disappeared from the nest and one egg did not hatch as a result of the 
clutch being deserted. Within the Kalmthoutse Heide, the hatching success of clutches 
contairung one or more eggs with deviant shells (0.48 ± 0.34 SD, N = 6) was significantly 
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lower than that of clutches with only nonnal eggs (0.99±0.04,N=1 O; t-test, t=-5.46, df= 
14, P < 0.0001). The overall hatching success of clutches on the Kalmthoutse Heide was 
0.80 ± 0.32 (N=l6), compared to 0.97 ± 0.06 (N=21) for clutches on the University 
Campus in Wilrijk. This difference in hatching success between both study sites is signif
icant (t-test, t=-2.22, df= 35, P= 0.033). 

Although our results are based upon a one-year study, they strongly suggest that soil 
acidification and calcium deficiency also limit breeding success of great tits breeding in 
relatively remote areas on nutrient-poor soils in Flanders. We found that 38% of the stu
died great tit females in acidified forests in the «Kalrnthoutse Heide» produced eggs with 
defective shells, resulting in a significantly reduced hatching success. These results are 
comparable to those reported by Graveland for the Netherlands (1,15). 

In the sixties, reductions in egg-sbell thickness were always attributed to DDT and 
other organochlorines (16,17). However, GRAVELAND & DRENT (2) concluded that it is 
very unlikely that the increase in eggshell defects in the Netherlands during the past two 
decades was due to poisoning by organocblorine compounds such as DDT, since raptors 
are more vulnerable to poisoning than passerines (18) and raptors have fully recovered 
since the banning of DDT and related compounds in the Netherlands (19) . 

From Graveland's study, it follows that great tits may be good candidates for use as 
indicators of the effects of(progressive) soi! acidification on birds, and for measuring the 
effectiveness of measures to be taken to improve the situation (7). It is obvious, however, 
that more research is needed on a great variety of species. For instance, the black tern, 
Chlidonias nige1; has completely disappeared as a breeding species from the 'Kalmtboutse 
Heide' since the sixties (20, 21), although there have been little or no apparent changes in 
habitat. lt bas recently been shown, however, that this species suffers severely from calci
um deficiency in certain habitats in the Netherlands (22) . Chicks grew well during the first 
week but then started to develop deformed legs and wings. Postmortem analysis revealed 
severe rachitis. Additional evidence of calcium deficiency came from higher incidences of 
incomplete clutches, eggs failing to hatch and the occunence of eggs witb aberrant 
colou.ration patterns, as in calcium-deficient great tits (22). 
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