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TREMATOCARA ZEBRA (PERCIFORMES; CICHLIDAE), 
NOUVELLE ESPÈCE DU NORD-OUEST 

DU LAC TANGANYIKA (ZAÏRE) 

Luc DE vos (') ("), M UDERl-1\VA NSl-IOMBO (') ET 
DIRK THYS VAN DEN AUDENAERDE (') 

(') Katholieke Universiteit Leuven, Zoologisch Lnstituut, Afdeling systematiek 
en ecologie der dieren, Naamse straat 59, B-3000 Leuven (Belgique) -

Musée royal de l' Afrique Centrale, Section des Vertébrés, Leuvensesteenweg 13, 
B-3080 Tervuren (Belgique). 

(' )Centre de Recherche en 1-lydrobiologie, B.P 73, Uvira, Zaïre 
et Centre de Recherche en Sciences Naturelles de Lwiro, O.S. Bukavu (Zaïre). 

Résumé. Trematocara zebra, un nouveau .cicblidé de la côte occidentale du lac Tanganyika est 
décrit du milieu sous-littoral et benthique des fonds rocheux situés entre Luhanga et Pemba, de 12 à 
26 km au sud d'Uvira (Zaïre). Ce poisson est particulièrement caractérisé par sa livrée (corps brunâ
tre à rétlets pourprés et avec des taches et des bandes verticales no ires iJTégulières chez les mâles, 
livrée similaire des femelles mais avec une large bande foncée horizontale distincte au niveau de la 
nageoi re pectorale), par le nombre restreint de branchiospines sur la partie inférieure du premier arc 
branchial ( 12 à 13), par la présence de sept pores sensoriels infraorbitaires bien développés plus un 
orifice préorbita ire, par le nombre limité de rayons anaux mous (7-8), par les deux ièmes et troisi è
mes rayons anaux branchus fortement allongés et par la nageoire dorsa le particuli èrement haute. Une 
brève comparaison avec les autres espèces du genre ains i que quelques don.nées biologiques sur la 
nouvelle espèce sont également présentées. 

Mots-clés : Trematocara, Cichlidae, nouvelle espèce, lac Tanganyika, Zaïre. 

Trematocara zebra (Perciformes; C ichlidae), a new species from the north west coast of Lake 
Tanganyika (Zaïre) 

Summary. Trematocara zebra, a new cichlid fish from the no1th west coast of Lake Tanganyika 
is described from the sublittora l and benthic zone of the rocky shores at Luhanga and Pemba situated 
between l2 and 26 km South of Uvira (Zaïre). The species is characterized by its particular colour 
pattern (brownish body with purple reflections and iJTegular dark brown vertical tripes and blotcbe 
on the sides in males, a similar pattern in fema les but with a large distinct horizontal dark bar at the 

'Adresse actuelle du premier auteur: Centre Régional de Recherche et Hydrobiologie 
AppLiquée, BP 6 177 Bujumbura, Burundi. 
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level of the pectoral fin), by the relatively low number of gill rakers on the lower part of the first bran
chial arch (12 to 13), by the presence of7 large infraorbital and 1 preorbital sensory pores, by the low 
number of soft anal fin rays (7-8), by the elongated second and third anal finray and by the particu
larly high dorsal fin. A short comparaison with the other known species of the genus and some bio
logical data on the new species are given. 

Key words : Trematocara, Cichlidae, new species, Lake Tanganyika, Zaïre. 

fNTRODUCTION 

Le genre Trematocara Boulenger, 1899 comprend sept espèces endémiques du bassin 

du lac Tanganyika qu'on trouve essentiellement dans le milieu lacustre à des profondeurs 

assez variables. Les représentants de ce genre sont facilement reëonnaissables en particu

lier par la présence de canaux sensoriels céphaliques à orifices hypem·ophiés : les os fron

taux, nasaux, préorbitaires, et sous-orbitaires ainsi que la mâchoire inférieure et le préo

perculaire sont creusés de larges canaux s'ouvrant par de grands orifices extérieurs en 

nombre variable. En outre les yeux sont très grands,.Ja. ligne latérale supérieure est très 

courte et unique et la ligne inférieure est absente ou vestigiale (POLL, 1986). CüULTER 

( 1991) a avancé ('hypothèse que ('hypertrophie du système sensoriel céphalique augmen

terait considérablement les capacités sensorielles à des profondeurs où la luminosité est 

fort restreinte. Le développement important des yeux indiquerait également une adapta

tion à la vie dans des endroits· peu illuminés. KüNINGS ( l 993) signale que toutes les espè

ces connues de Trematocara vivent à des profondeurs importantes (généralement plus de 

LOO mètres), et semblent chercher leur nourihire dans la faible lueur pénétrant depuis la 

surface. Le grand développement de leur système de détection acoustique au niveau crâ

nien est leur caractère physiologique principal. Les pores sensoriels apparaissent comme 

des bulles sous-cutanées et la membrane de chaque pore fonctionne comme un tympan. 

Plus grand est le pore, meilleure est la perception. L'association de tous les pores forme 

un véritable radar grâce auquel le poisson peut détecter et localiser sa proie. Quelques 

espèces de ce genre ont, en effet, été trouvées dans le lac, à des profondeurs très impor

tantes caractérisées aussi par des faibles concentrations en oxygène : POLL (1952) signale 

les Trematocara parmi les plus représentatifs de la faune benthique "abyssale' ', c.à.d. à des 

profondeurs de l' ordre de 100 m. CouLTER (1967) mentioune la capture dans le sud du lac 

de deux spécimens de T unimaculatum BoulengeJ", 190 l à une profondeur de 205 rn, tan

dis que des individus de T nigrifrons Boulenger, 1906 furent trouvés entre 120 et 140 m 

de profondeur (CouLTER, 1966). Dans le nord du lac où les eau x sont moins profondes que 

dans le sud, nous avons observé ces deux espèces jusqu'à 80 m de profondem dans des 

couches d'eau pratiquement dépourvues d 'oxygène. Ces poissons ne vivent vraisemblab

lement pas à demeure à ces grandes profondeurs; plusieurs espèces effectuent des migra

tions pendant la nuit pour s'approcher du rivage du lac (POLL, 1952; CouLTER, 
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1991 ;KON!NGS, 1988; KüNINGS & DIECKHOFF, 1992). Bien que les Trematocara puissent 
être considérés comme des poissons essentiellement lacustres, T variabile Poil, 1952 a été 
capturé en milieu fluviatile véritable dans le cours inférieur de la Malagarasi, quelques 
kilomètres en amont de son embouchure (pêche expérimentale avec TAFIRI Center Kigoma 
à la fin du mois d'aôut 1993). A notre connaissance, il n' y a pas d'autres mentions de ce 
groupe hors du milieu strictement lacustre. 

Depuis 1992, le Centre R égional de Recherches en Hydrobiologie Appliquée 

(CRRHA) de Bujumbura (Burundi), en collaboration étroite avec le Centre de Recherche 

en Hydrobiologie (CRH) d'Uvira (Zaïre), a organisé des échantillonnages réguliers dans 
le nord du lac Tanganyika le long des côtes burundaises et zaïroises. Dans des captures 
provenant des localités de Luhanga (3•30'S-29•08'E) et Pemba (3•40'S-29•10'E), situées 
sur la côte nord-ouest au Zai're, nous avons récolté plusieurs spécimens d'une espèce de 
Trematocara fort différente de toutes les espèces connues jusqu'à présent. Ce poisson a été 
capturé dans les zones sous-littorale et benthique de plusieurs sites rocheux. Nous le décri
vons ci-dessous conune nouvelle espèce sous le nom de T zebra. 

RESULTS 

Trematocara zebra nov. spec. 

Matériel examiné 

23 exemplaires (15 mâles et 8 femelles) entre 44 et 69,5 mm de longueur standard (58-
89 mm longueur totale), récoltés dans le lac Tanganyika à des profondeurs de 10 à 60 m, 
entre 12 et 26 kilomètres au sud de la cité d'Uvira (Zaïre). Ils ont été capturés à l'aide de 
filets dormants à mailles de 8 à 16 mm noeud à noeud. Ces spécimens sont conservés dans 
les collections de la section des Vertébrés du Musée royal de l'Afrique centrale à Tervmen, 
Belgique (MRAC) et en pa1tie dans les collections du CRRHA et du CRH. 

Holotype : MRAC 95- 18-P- I; mâ.le, 66 mm LS; Luhanga Il ; profondeur 50 m; Nshombo coll. ; 

17- 11 - 1994. 

Paratypes MRAC 94-68-P- 128- 129; 2 ex., 58-59 mm LS; Lubanga li , profondeur 30 rn; 
Nshombo coll. ; 2 1-7- 1994. 

MRAC 94-68-P-130- 13 1; 2 ex., 43-49 mm LS; Luhanga, profondeur 10 et 30 m; De Vos et 

Nshornbo coll. ; 15-02-94. 

MRAC 94-68-P- 132-134; 3 ex., 52-59 mm LS; Luhanga, profondeur 10 m; N hombo coll. ; 26-
04-94. 

MRAC 95- 18-P-2; l ex., 57 nm1 LS; Luhanga 11, profondeur 50 m; Nshomb col l. ; 17- 11 - 1994. 
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MRAC 95-18-P-3, 1 ex., 61 mm LS; Luhanga II, profondeur 30 m; Nshombo coll.; 21-7-1994. 

MRAC 95-70-P-1-4; 4 ex., 55,5-62,5 mm LS; Pemba, profondeur 30 m; Mboko coll.; 18-08-
1995. 

MRAC 95-70-P-5-8; 4 ex., 47-69,5 mm LS; Luhanga, profondeur 60 m; Mboko coll.; 28-07-
1995. 

CRRHA non cat.; 1 ex., 59 mm LS; Luhanga, prof. 30 m; De Vos et Nshombo coll. ; 15-01-1994. 

CR.RHA non cat. ; 3 ex., 55-60 mm LS; Luhanga, profondeur 30 m; Mbokp coll.; 15-07-1995. 

CRH non cat.; 1 ex. 56,5 mm SL; Lulrnnga; prof. 30 m; De Vos et Nshombo coll. ; 15-02-1994. 

[Note : la localité «Pemba» est souvent indiquée fautivement par le nom «Bemba» (MARLIER, 
1958, KONINGS, 1988, BRICHARD, 1989, .. . ), mais en Swaheli, la langue locale, «pemba» signifie lit
téralement «blanc» et fait allusion au sol blanc qu ' on peut observer à certains endroits de cette loca
lité.]. 

Etymologie 

Le nom spécifique provient du 1-µot latin «zebra» (zèbre, ongulé à rayures sur la peau) 
et fait référence à la livrée caractérisée par des lignes et des taches foncées sur les flancs . 

L'espèce semble inconnue des riverains locaux et n 'a apparemment pas de nom ver
naculaire . 

Description 

Les principaux caractères méristiques avec leur fréquence et les proportions du corps 
les plus importantes sont indiqués dans le Tableau 1. 

Corps a llongé (Fig. 1), plus haut que large, hauteur max imum au niveau de l'origine 
de la nageoi re dorsale 3,4-3,7 fois dans la longueur standard, dos légèrement convexe. 
Pédoncule caudal relativement court, 1,8-2,4 fois plus long que haut. Une ligne latérale 
supérieure très courte, n'offrant que que lques tubes juste derri ère la tête. Une Ligne latér
ale médiane antérieure formée de 8-9 éca illes perforées et une deuxième partie postérieu
re indistincte le long du pédoncule caudal formée d ' une dizaine à une douzaine d'écaille . 
On remarque parfois de vagues traces d ' une ligne latéra le inférieure au niveau du pédon
cule caudal. Tête caractéristique, avec une légère bosse po torbita ire et au museau arron
di ; mâchoire inférieure obi ique et légèrement proéminente. Oeil large et ovale, 2,9-3,3 fo is 
dans la longueur de La tête . Max illaire atteignant le bord antérieur de !'oe il. Orifices en
soriels céphaliques bien développés: 7 orifices sensorie ls sous-orbitaires, l orifice préor
bita ire et 2 supraorbita ires. Une fontanelle frontale ovale impaire au milieu du crâne entre 
les deux orb ites . Une légère bosse supraoccipitale juste derrière la fontanelle. 
Préoperculaire et mâchoire inférieure creusés d ' une série d ' une douzaine d ' orifices sen
sorie ls (Fig. 2). Espace interoculai re 3,7-5 fois dans la longueur de la tête. 
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TABLEAU 1. 

Principaux caractères méristiques el métriques de la série holotype 
et paratypes de Trematocara zebra sp. nov. 

(LS =Longueur standard, Lt = Longueur de la tête). 

Caractères méristiques: 

Rayons de la nageoire dorsale: X+ 10 (f9), X + 11 (fi 3), X + 12 (fi) 

Rayons de la nageoire anale: Hl + 7 (fi 3), IL! + 8 (f9) 

Rayons de la nageoire pectorale: i + 9 (f6), i + IO (fl4) 

Rayons de la nageoire pelvienne: l + 5 (f23) 

Ecai lles en ligne longitudinale: 26 (f2), 27 (f6), 28 (f6), 29 (t7) 

Branchiospines en bas du premier arc branchial: 12 (f8), 13 (fi 4) 

Vertèbres abdominales (7 individus): 11 (f2), 12 (f5) 

Vertèbres caudales (7 individus): 16 (fi) , 17 (f5) , 18 (fi) 

Caractères mètriques : Ho Io type Min. 
(holotype et série -para types) 

Longueur tota le (mm): 87 58 

Long. standard (mm): 66 44 

Hauteur du corps(%LS) 30,3 26,9 

Long.de la tête (%LS) 38,9 36,3 

L.base dorsale (% LS) 46, 1 42,4 

L. base anale (%LS) 16,8 14,0 

Dist.prédorsa le (%LS) 39,4 36,8 

Dist. préanale (%LS) 6 1,4 61 ,4 

Dist. prépectora le (% LS) 40,9 37,5 

Di st. prépe lvienne (%LS) 39,5 38,6 

L. pédoncul e caudal (%LS) 23,8 20,5 

Haut. pédoncu le caudal (%LS) li , 1 11 , l 

Long.pectorale (%LS) 38,2 33,9 

L. pelvienne (%LS) 30,3 26,3 

Espace interorb itaire (%LT) 26, 1 20, 1 

Longueur museau (%LT) 33,8 28,7 
1 

Diamètre de !'oeil (%LT) 3 1,5 29, 1 

Distance entre les narines (% LT) 2 1,0 18,3 

Max.. 

87 

66 

30,4 

40,7 

48,1 

17,9 

4 1,4 

66,2 

40,9 

4 1,9 

26,3 

11 ,5 

38,9 

32,4 

26,5 

36, 1 

34,6 

2 1, l 

1 

1 

7 

Moyenne 

-

-

28,5 

38,3 

45,8 

16,2 

38,9 

63 ,4 

39,3 

40,0 

23 ,0 

11 ,3 

36,3 

28,4 

23,2 

32,2 

3 1,6 

19,6 

Branchiospines au nombre de 12 à 13 sur la partie inférieme du premier arc branchial, 
les 2 à 4 premi ères nettement p lus courtes que les autre . Les branchiospines suivantes de 
cette série sont relativement minces et a llongées. Une branchiospine ur l'angle entre le 
cératobra.nchi al et I' ép ibra nchial, 3 ou 4 sur la partie supéri eure du prem ier arc. 
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c D 

Fig. J. - Trematocara zebra sp. nov. - A. Vue latérale du holotypc, un mâle de 66 rrun LS. 
- B. Vue latéra le d'une femell e paratype de 60 mm LS. - C. Vue dorsale de la Lête du holo
type. - D. Vue ventra le de la tête du holotype. 
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Fig. 2. - Tremalocara zebra sp. nov. - Schéma de la tête d0 un spécimen de 
56 nun LS montrant les orifices sensoriels céphaliques hypertrophiés. 

9 

Os pharyngien inférieur en triangle à surface dentigère un peu plus large que longue 
(Fig. 3). La majorité des dents phaiyngietmes très petites, avec une cuspide antérieure insigni
fiante et une cuspide postérieure sai llante (type "bevelled" suivant la nomenclature de B AREL 

et al., 1977). Quelques dents pba1yngie1mes périphériques sont du type monocuspide. 

Fig. 3. - Trematocara. zebra. sp. nov. - Vues dorsale et latérale de l'os pha
ryngien inférieur d ' un paratype de 56,5 mm LS. 

Vertèbres au nombre de 28-29 (la vertèbre terminale complexe urosty lai..re exc lu), 
comprenant 11-12 vertèbres abdominales et 16-1 8 ve1tèbres caudales . 

Nageoire dorsale X + 10- 12, haute et arrondie, avec une hautem max imale au ni veau 
du deuxième rayon mou (voir Fig. l ). Dernier rayon de la dorsa le n ' atteingnant pas la base 
de la caudale . Anale [I] + 7-8, le deuxième et trois ième rayon mou fortement alongés. 
Nageo ire pectoral e avec un simple rayon supériem et 9- 10 rayo ns bra nchus mous, dépa -
sant nettement le ni veau de l'orig ine de la nageoire anale. Nageoire pelvienne I + 5, 
effil ée, le rayon mou externe le plus long, atteignant au moins l'orig ine de l' anale. 
Nageo ire caudale échancrée, à lobes pointus et l + 14 + l rayons mous . 
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Mâchoires garnies de nombreuses petites dents externes (jusqu'environ une centaine), 
coniques, fines et serrées. Deux à trois rangées de minuscules dents coniques internes. Les 
dents ne garnissent pas les côtés externes des lèvres. 

Ecaillure cycloïde, écailles des flancs grandes, au nombre de 26-29 en ligne longitu
dinale. Ecailles ventrales plus petites. Joue et opercule nus, sauf pour le bord supérieur de 
l'opercule qui présente parfois quelques écailles cycloïdes. Douze écailles autour du 
pédoncule caudal. Tête non écailleuse sauf dans la zone occipitale qui est couverte de peti
tes écailles cycloïdes. 

Coloration (Fig. 4) : spécimens fraîchement capturés : Mâles: livrée brunâtre avec 
réflets métalliques rose-pourpre; ventre plus clair; une série de bandes ou taches vertica
les irrégulières brun foncé (jusqu'à une dizaine), de longueur variable, et plusieurs petites 
taches bleu-clair sur les flancs; nageoire caudale gris-brun ave'i: une tache noire à la base, 
pectorales incolores; dorsale brun-clair bordée d ' une fine ligne noire et pourvue d'une 
large bande noire juste au-dessus de la base de la dorsale (absente chez la femelle); nageoi
res anale, dorsale et pelviennes bordées de noir. 

Fig. 4. - Tremalocara zebra sp. nov. - Un mâle d 'environ 55 mm LS de Luhanga, 
Zaïre (photo L. De Vos). 

Femelles : livrée ressemblant celle des mâ.les mais avec une large bande foncée hori
zontale très tranchée sur les fl ancs au niveau de la nageoire pectorale (absente ou peu dis
tincte chez le mâle), suivie d'une série de petites bandes verticales foncées. Quelques lig
nes verticales foncées au-dessus de la bande pectorale. Une ligne noire au milieu de ('a
nale, se prolongeant jusqu 'au plus long rayon. Deux courtes lignes noires parallèles au 
milieu des pelviem1es. 

Spécimens préservés : brun-pâle, la tête un peu plus foncée; une série de bandes ou 
taches verticales bnm foncé sm les flancs; nageoires gris-bnm, l'anale et la pectorale plus 
foncées. Une large bande horizontale au niveau de la pectorale chez la femelle, su ivie de 
quelques lignes verticales sur l'anière-train du corps. Une longue bande noire juste au
dessus de la base de la dorsa le chez les mâles. 
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Un dimorphisme sexuel concernant la livrée a également été observé dans toutes les 

autres espèces du genre, les mâles étant typiquement ornés de 2-3 bandes noires longitu

dinales et les nageoires étant pourvues de bandes ou taches mélaniques suivant l'espèce; 

la coloration de la femelle est en général beaucoup plus claire ce qui ne semble pas le cas 

chez la nouvelle espèce. 

Tai lle : petite espèce. Taille maximale observée : 69,5 mm de LS (89 1ru11 de LT). 

Caractères distinctifs et comparaison avec d'autres Trematocara 

Trematocara zebra se di stingue particulièrement des autres espèces du genre par sa 

co loration. Les Trematocara décrits auparavant (Fig. 5) sont de couleur blanc-argenté, 

ornés typiquement de 2-3 bandes noires longitudinales chez le mâle, les nageo ires pour

vues de bandes ou taches mélaniques suivant l' espèce (POLL, 1986). Trematocara zebra 

par contre est bmnâtre, avec des reflets olivâtres, et montre des bandes verticales brun 

fo ncé chez les mâles; le ventre est pâle et la base de la nageoire dorsale est noire. Les 

feme lles ont w1e livrée simila ire mais sont ornées en outre d ' une large bande foncée hori

zontale au njveau de la nageoire pectorale. La Fig. 5 montTe des individus mâles des dif

férents Trematocara connus, permettant une comparaison fac il e de leur li vrée. La nouve l

le espèce se caractérise éga lement 1:iar la présence de 7 orifices sensoriels infraorbitaires et 

1 orifice préorbitaire, par une nageoire dorsale particuli èrement haute, par les deuxi ème et 

troisième rayons anaux branchus fortement allongés et par le nombre relativement rest

reint de branchiospines (12 ou 13) sur la partie inférieure du premier arc branchial. Chez 

les autres Trematocara (sauf chez T mcuginatum Boulenger, 1899 qui en possède 9 à 12) 

il y a au moins 15 branchiosp ines sur la portion ventra le du premier arc branchial. li y a 

éga lement peu de rayons anaux mous (7-8) par comparaison avec d 'autres Trematocara 
qui , en général , en possèdent au moins 9 (sauf chez T kufferathi Poil , 1948 qui en présente 

seulement 8-9). Les mâcho ires de T zebra sont ga rnies de nombreuses petites dents exter

nes, coniques, fines et serrées. On compte deux à tro is rangées de minuscules dents coni

ques internes. Les dents ne garnissent pas les côtés externes des lèv res mais chez quelques 

indi vidus certa ines dents externes sont placées fo1te111ent. vers l'ex tériem. Nous avons 

observé une situation identique chez plusieurs indi vidus de T marginatum et de T stig

maticum Poil , l 943 . Pourtant, ce caractère des dents garn issant la surface externe des 

lèvres au ni veau des prémax illaires et des dentaires figure parmi les critères importants 

pom séparer le geme monospéc ifique Telotrematocara Poli, 1986 du genre Trematocara. 

Sans vou loir faire une ana lyse détai ll ée du problème, notre observation pourrait apporter 

un certain doute quant à la va lid ité du geme Telotrematocara. La seule espèce de ce genre 

se di stingue d ' ai ll eurs fortement de T zebra e.a. par des donn ées méristiques et une livrée 

fo rtement d ifférentes et par un déve loppement extraord inaire de la bouche et des orifices 

sensori e ls céphaliques (BAI L EY & STEWART, 1977; POLL, J 986). 
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Fig. 5. - Individu s mâles des différentes espèces connus du genre Trematocara - A. T caparti 
(Karema, Tanzania: 45 mm LS) - B. T kujferathi (Karema, Tanzania: 5 1 mm LS) - C. T 111a1gina
turn (Nyanza-Lac, B urundi: 62 mm LS) - D . T nigrifrons (Rumonge, Burundi: 6 1 mm LS). 
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Fig. 5 (cont.) - E. T stigmaticurn (Gatumba, Burundi: 45 mm LS) - F. T unimaculatwn (G itaza, 
Burundi: 83 mm LS) - G. T variabile (Gatumba, Burundi: 56 mm LS) - H. T zebra (Lu.hanga, Zaïre: 
66 mm LS). 
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Le Tableau 2 donne une comparaison de quelques caractères m éristiques des différen
tes espèces de Trematocara. Nous avons pris en considération le nombre de brancbiospi
nes sur la partie inférieure du premier arc branchial , le nombre tota l de vertèbres et de ray
ons aux nageoires dorsale et anale, le nombre d 'écailles en ligne longitudinale ainsi que le 
nombre d.'orifices sensoriels préorbitaires et sous-orbitaires 

TABLEAU 2 

Tableau co1nparatif de quelques caractères méristiques des difjërentes espèces de Trematocara. Ces 
données ont été prises à partir des descriptions de Poil (1956) et de Bailey & Stewart (1977). 
(Bran.chiosp. premier arc = nombre de branchiospines sur la partie inférieure du premier arc 
branchial; Vertèbres = nombre total de vertèbres, l 'èlément urostylaire exclus; Ecailles ligne 
long.= nombre d 'écailles en ligne longitudinale; Orif. pré+ sous-orbit. = nombre total des 01ji
ces sensoriels pré- et sousorbitaires) . 

Branchiosp. Vert èb res Rayons Rayo ns Eca ill es Orif. pré- + 
prem. arc. N total do rsaux Anaux li gne lo ng. sous-orbi!. 

Trematocara caparti 
Poli , 1948 2 1-25 LX-Xl+ I0-1 2 Ul+9-I O 27-29 4 

T kufferathi Poli, 1948 16- 19 30 VIIJ-X+ I0- 12 111+8-9 28-29 3 
T //WJ ginatum 

Boulenger, 1899 9- 12 29 X+l l-1 2 IIl+9- l I 28-30 8-9 
r nigrifons 

Boulenger, 1906 17-21 29-30 TX-Xl+ l 1-1 3 ll1+9- l l 28-30 5 
r stig1naticum 

Poli , 1943 15-20 28-30 LX-X+ l 1-1 3 lJl+ I0-1 2 28-30 4 
r un.imaculatum 

Blgr,190 1 16- 19 29-30 X-Xll+ l 1-1 3 lll+9-I 0 29-3 1 9 
T variabile Poli , 1952 15-17 29-30 lX-XJ+ I0- 13 Ill+9- l l 28-30 5-7 
r zebra spec. nov. 12- 13 28-29 X+ I0- 12 Ill+ 7-8 26-29 8 

Données biologiques et écologiques 

Régime a limentaire : l'examen quali tatif du contenu stomaca l de deux indi vidus a 
montré des débri s de crevettes ainsi que du sable et du phytop lancton (Cyanophytes et 
Chlorophytes du groupe Oocystis). Il est possible que le sab le et le phytoplancton soient 
ingérés acc identell ement avec les crustacés car en général les Trematocara benthiques 
sont consid érés comme des foui ll eurs du fond à régime microphage vorace, e nourrissant 
d'une variété d ' invertébrés et de diatomées (POLL, 1956; M ATTH ES, 1960; KONING , 1988; 
CouLTER, J 99 1 ). La dentiti on conique ainsi que la di sposition et le nombre re treint des 
branchiospines suggèrent une nutrition sélective sur le fond et les rochers. Le tube dige
stif d ' un indi vidu de 56 mm de LS mesurait 35 mm . 

Reproduction : Fécondité: l'ova ire d ' une feme lle paratype de 60 mm LS contenait 
4 1 oeufs d ' un diamètre approximatif de 1,5 mm. Ce nombre relat ivement li mité d 'œuf: 
suggère qu ' il s' agit d ' LU1e espèce à incubation bucca le. L'incubation bucca le maternelle a 
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d'ailleurs été constaté chez quelques autres espèces du genre: T nigrifrons, T stigmaticum 
et T caparti Poil, 1948 (POLL, 1956; KüNfNGS, 1988; KRüTER, 1991). 

Sex-ratio: dans l'échantillon de 23 spécimens, il y a 15 mâles et 8 femelles, donc pres
que deux fois plus de mâles. Ce phénomène est assez curieux mais notre échantillon est 
trop restreint pour tirer des conclusions certaines concernant la répartition numérique des 
sexes. 

Communauté de poissons associés : le Tableau 3 présente une liste d'espèces prises à 
Luhanga et Pemba dans l'étage sous-littorale (10-40 m de profondeur) et dans le milieu 
benthique (captures sur des profondeurs de 40-60 m) lors de douze nuits de pêches expé
rimentales effectuées entre février 1994 et aoüt 1995. Cette liste ne représente sans doute 
pas un inventaire complet de l'ichtyofaune sous-littorale et benthique de cette côte mais 
elle donne néanmoins une idée assez précise de la communauté de poissons vivant en 
association avec T zebra dans la zone concernée. 

TABLEAU 3 

Poissons capturés ensemble avec Trematocara zebra 
dans l'étage sous-littoral (10-40 111 de profondew) el dans le milieu benthique 

{prises entre 40 et 60 111 de profondew ) du lac Tanganyika cl luhanga et Pemba au Zaii·e. 

Milieu sous-littoral (10-40 m) 

Clupeidae: 

- limnothrissa miodon (Boulenger, 1906) 

Cyprinidae : 

- Acapoeta tanganicae (Boulenger, 1900) 

Claroteidae : 

- Bathybagrus tetran.ema Bailey & 
Stewart, 1984 

- Ch1ysichthys brachynema Boulenger, 1900 

- C. graueri Steindachner, 1911 

- C. sianenn.a Boulenger, 1906 

- C. platycephalus Worthington & 
Rickardo, 1936 

- Phyllonemus filinemus Worthington & 
Rickardo, 1936 

Clariidae : 

- Dinotopterus cunn.ingtoni Boulenger, 1906 

- Tanganikallabes mortiauxi Poil , 1943 

Mochokidae : 

- Synodontis granulosus Boulenger, 1900 

- S. multipunctatus Boulenger, 1898 

- S. petricola Matthes, l959 

Milieu benthique (40-60 m) 

Clupeidae: 

+ 

Claroteidae : 

- Auchenoglanis occiclentalis (Valenciennes, 
1840) 

C lar iidae: 

Mochok.idae : 

+ 
+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 
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- S. polli Gosse, 1982 

Poeciliidae : 

- Lamprichthys tanganicanus (Boulenger, 1898) 

Cichlidae : Cichlidae : 

- Altolamprologus compressiceps 
Boulenger, 1898) + 

- Bathybates fascia/us Boulenger, 1901 

- B. vittatus Boulenger, 1914 

- Benthochromis tricoti (Poli, 1948) 

- Boulengerochromis microlepis 
(Boulenger, 1899) 

- Cyathopha1ynxfi1rcifer (Boulenger, 1898) 

- Cyphotilapia ji-ontosa (Boulenger, 1906) 

- Cyprichromis microlepidotus (Poli, 1956) 

- Eretmodus cyanostictus Boulenger, 1898 

- Gnathochromis pfefferi (Boulenger, 1898) 

- Grammatotria lemairii Boulenger, 1899 

- Greenwoodochromis christyi (Trewavas, 1953) 

- Haplochromis benthicola Matthes, 1962 

- Haplotaxodon microlepis Boulenger, 1906 

- Julidochromis m.arlieri Poli , 1956 

- J. transcriptus Matthes, 1958 

- Lamprologus callipterus Boulenger, 1906 

- L. lemairii Boulenger, 1899 

- Lepidiolamprologus attenuatus 
(Steindachner, 1909) 

- L. elongatus (Boulenger, 1898) 

- L. profundicola (Poli , 1949) 

- Limnochromis auritus (Boulenger, 1901) 

- Limnotilapia dardennii (Boulenger, 1899) 

- Lobochilotes labiatus (Boulenger, 1898) 

- Neo lamprologus brevis (Boulenger, 1899) 

- N. brichardi (Poli , 1974) 

- N. fascia/us (Boulenger, 1898) 

- N. furcifer (Boulenger, 1898) 

- N leleupi (Poli , 1956) 

- N. mondabu (Boulenger, 1906) 

- N. niger (Poli , 1956) 

- N. savmyi (Poli , 1949) 

- N. toae (Poil , 1949) 

- Auloncranus dewindti (Boulenger, 1899) 

+ 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
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- N. tretocephalus (Boulenger, 1899) + 
- Neolamprologus wauthioni (Poli , 1949) 

- Ophthalmoti/apia nasuta (Poil & Matthes, 1962) 

- O. ventralis (Boulenger, l 898) 

- Perissodus microlepis Boulenger, 1898 

- P orthognatus Matthes, l 959 

- P polyodon Boulenger, 1898 

- P trewavasae Poli , 1948 

- Plecodus paradoxus Boulenger, 1898 

- P straeleni Poil , 1948 

- Pseudosi111ochro111is curvifrons (Poil , 1942) 

- Sùnochrom.is diagramma (Günther, 1893) 

- Tanganicodus irsacae Poil , 1950 

- Telmatochromis ternporalis Boulenger, 1898 

- Tremalocara unùnaculatum Boulenger, 190 1 

- T. variabile Poil, 1952 

- T. zebra spec . nov. 

- Tropheus duboisi Marlier, 1959 

- T. moorii Boulenger, 1898 

- Xenochromis hecqui Boulenger, 1899 

- Xenotilapia jlavipinnis Poil, 1985 

+ 

+ 
+ 
+ 

+ 

- X nasus De Vos, Risch & Thys van den Audenaerde, 1995 

- X ochrogenys (Boulenger, 19 14) 

- X sima Boulenger, 1899 

Centropomidae : 

- Laies angustiji·m1s Boulenger, 1906 

- l. mariae Steindachner, 1909 

- l. microlepis Boulenger, 1898 

Mastacembelidae : 

Centropomidae : 

+ 

Lates stappersü (Boulenger, 19 14) 

Mastacembelidae : 

- Afi-omastacembelus cunningtoni (Boulenger, 1906) + 

- A. ellipsifer (Bou lenger, 1899) + 

- A. jlavidus (Matthes, 1962) 

- A. moorii (Bou lenger, 1899) 

-A. ophidium (Günther, 1893) 

- A. platysoma (Poil & Mattbes, 1962) 

Habitat : Trematocara zebra est un poisson benthique lacustre que nous avons caph1ré 
sur des fonds rocheux dans les zones sous-littorale et benthique entre l 0 et 60 111 de prof
ondeur. Les échantillonnages se faisaient pendant la nuit. Des observations répétées, effec
tuées en plongée pendant la journée entre 10 et 40 rn de profondeur, n'ont pas permis d 'ob
server cette espèce dans son milieu naturel. Il est possible qu 'elle reste dans des eaux plus 
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profondes durant la journée. Des déplacements nocturnes verticaux pour s'approcher du 
rivage, vraisemblablement pour se nourrir ou pour échapper aux prédateurs de fond noc
turnes, ont également été signalés pour d'autres Trematocara (POLL, 1952; KONINGS, 
1988; KONINGS & DIECKHOFF, ! 992). 

A chaque capture de la nouvelle espèce, nous n'avions que quelques exemplaires. Elle 
semble donc peu abondante. En outre, dans nos captures à Luhanga et Pemba les autres 
Trematocara étaient également particulièrement rares. Pourtant, nous prenons des centai
nes, parfois des milliers de Trem.atocara dans nos pêches sur les fonds vaseux-sablonneux 
de la côte burundaise. D'après KONINGS (1988) et COULTER (1991), du point de vue éco
logique, on peut distinguer deux groupes de Trematocara : un premier groupe comprend 
des espèces benthiques vivant en grandes bandes sur des fonds vaseux-sablonneux. Il s 'a
git de T nigriji-ons, T variabile, T stigmaticum, T rnarginatwn et T unùnaculatum. Deux 
autres espèces au contraire fréquentent le milieu bathypélagique où elles sont à la recher
che de zooplancton (T caparti et T ku!Jerathi). Trematocara zebra occupe une niche éco
logique bien différente et, apparemment, cette espèce est limitée au milieu benthique 
rocheux ou mixte rocheux-sablonneux. Sa livrée originale brun foncé avec des bandes et 
taches obscures permet peut-être un mimétisme avec le décor des fonds rocheux profonds 
et peu illuminés. Quant aux «caractères abyssaux» du genre, T zebra se différencie de la 
majorité des autres espèces par le nombre d'orifices crâniens sensoriels élevé (Tableau 2), 
tandis que le développement de !'oeil et du système de la ligne latérale sont plutôt typi
ques du groupe. Malheureusement, nous manquons totalement de données écologiques 
concrètes, illustrant l'importance spécifique du nombre d 'orifices crâniens des différentes 
espèces, et nous ne pouvons pas avancer d ' explications plausibles pour ces différences 
numériques. Quoi qu ' il en soit, T zebra illustre une fo is de plus la radiation adaptative 
d ' un groupe de Cichlidés du lac Tanganyika qui était jusqu ' à présent seulement connu par 
des représentants vivant sur des fonds vaseux-sablonneux ou dans le milieu bathypélagi
que. 

Distribution 

Trematocara zebra est endémique du lac Tanganyika. Jusqu'à présent ce poisson n'a 
été récolté que clans les localités types sur la côte rocheuse du nord-ouest du lac. 
Contra irement aux autres Trematocara, tous à répartition circumlacustre, T zebra présen
te vraisemblablement une distribution très localisée et restreinte. Certains éléments de 
l' ichtyofaune de cette côte nord-ouest semblent assez particuliers. En effet, à Luhanga, on 
trouve une population isolée de Lamprologus leleupi Poli, 1956 qui, suivant KON INGS & 
DIECKHOFF (1992), fréquente uniquement la moitié nord du lac, mais qui serait également 
représentée par des populations conspécifiques ou très voisines dans la paiiie sud 
(KONINGS, 1993). Le seul spécimen connu de l'espèce Trernatochromis schreyeni Poli, 
1987 provient également de LLthanga (voir POLL, 1987). En outre, à Pemba, on rencontre 
une population isolée de Tropheus duboisi Marlier, 1959. Jusqu'à présent quatre popula
tions de cette dernière espèce seulement ont été trouvées dans le lac, les trois autres pop
ulations étant connues de la côte tanzanienne près de Kigoma, au sud du delta de la riviè
re Malagaras i et en face de Bulu Point (KONINGS, 1988). 
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ENDOPARASITIC HELMINTHS 
OF THE WHITESPOTTED RABBITFISH 

(SIGANUS SUTOR (Valenciennes,1835)) 
OF THE KENYAN COAST: 

DISTRIBUTION WITHIN THE HOST POPULATION 
AND MICROHABITAT USE 
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Laboratory for Ecology and Aquaculture, Zoological lnstitute, Catholic Univers ity of Leuven, 
Naamsestraat 59, B-3000 Leuven (Belgiwn ) 

Summary. The parasitic fatma of the a limentary tract of adult whi tespotted rabbitfish, Siganus 
sutor, sampled in December 1990 at the Kenyan coast, was investigated. Five endoparasi tes were 
fo und : the digenean trematodes Opisthogonoporoides hanwnanthai, Gyliauchen papillatus and 
/-lexan.gium sigani, the acanthocephalan Sclerocollu111 rubrimaris and the nematode Procamm.alanus 
elatensis. No uninfected fish, nor s ing le species infections occurred. Parasite population data showed 
ve1y high prevalences for ail endoparas ites, ranging from 68. 18 % to 1 OO %. G. papillatus occurred 
with the highest mean intensity, 201.68 ± 12.54 parasites per infected fisb. The parasites were over
di spersed w ithin their host's population and frequency distributions genera lly fitted the negative 
binomial fonction. The relationship between host s ize and parasite burden showed that smaller fish 

were more heavily infected. The in fect ion with O. hanumanthai and H. sigani decreased significant
ly with tota l length of S. sutor. Study of the associations between parasites showed that the intensi
ties of the three digenean species were sign ificantly positi vely correlated. Possible transmi ssion stra
tegies of the digenea and impact of the feedi ng habits of S. sutor are discussed. Microhabitat prefe
rences of the five endoparasites indicated a selective site segregation of a il species. 

Keywords : Siganus sutor, endoparasites, microhabitat, Tndian Ocean. 

INTRODUCTJON 

Siganidae or rabbitfish have a wide di stribution in the Incio-Pacific, ranging from East
Africa to French Polynesia (WoODLAND, 1983). Siganids are, together w ith the 
Lethrinidae, the most important fish in the local artisana l marine fisheries along the East 
African coast {NTIBA & J ACCARINI, 1988). Fifty percent of the tota l catch is made up of 
rabbitfish {NZIOKA, 1984). Siganus sutor (Valenciennes, 1835) is the dominant species at 
the Kenyan coast, fo llowed by S. luridus (Ruppell, 1828), S. argenteus (Quoy and 
Gaimard,1825) and S. stellatus Forsskàl, 1775 (see NTIBA & ]AC AIUN I, 1988). Sigauids 
are w idely recognised as potentially su itable species for mariculture (B EN-TUVlA et al., 
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1973, LAM, 1974, HORSTMANN, 1975, LICl-IATO\VICH & POPPER, 1975, POPPER & 
GUNDERMANN, 1975, VON WESTERNHAGEN & ROSENTHAL, 1976). 

ln view of their maricultural potential, LAM (1974) stated that "proper studies on di
seases in siganids are badly needed". Most studies on parasites of marine fish in tropical 
regions are limited to taxonomie or zoogeographical descriptions. Ecological studies on 
endoparasitic helminths offish in tropical seas and especially in the Indian Ocean are scar
ce. DIAMANT & PAPERNA (1986) listed the parasites of wild Red Sea rabbitfish, with spe
cial attention to the potential pathogens in mariculture. The ecology of the acanthocepha
lan Sclerocollum rubrimaris was reported in three species of rabbitfish, Siganus rivulatus 
(Forsskiil, 1775), S. argenteus and S. luridus by DIAMANT (1989). 

Severa! investigations have documented the distribution of ecto- and endoparasites of 
fish in the host population and their microhabitat use within their host (CROMPTON, 1973, 
HOLMES, 1973; 1990a, ROHDE, 1984, BATES & KENNEDY, 1991 , SUKHDEO, 1990, 
BucHMANN, 1991 ). Most of these studies present data on fish of tempera te waters. The pre
sent work presents data on the distribution of five endoparasitic helminth species of S. 
sutor within the host population and on their microhabitat selection. The investigation is 
part of a wider research project on the parasitic fauna of S. sutor of the Kenyan coast. The 
study on ectoparasites will be presented in a separate paper (GEETS et al., in prep). 

MATERIAL AND METHODS 

ln December 1990, a sample of adult whitespotted rabbitfish Siganus sutor 
(Valenciennes, 1835) caught in the seagrass areas off the Mombasa coast, were obtained 
from local fishermen. Cabbage baited dematraps (traditional bottom traps) were used. 
They were placed in shallow water(< 14 111 depth) at low tide and removed at the next low 
tide. Upon being landed, fish were intraperitoneally injected with formaldehyde solution 
7%. Total length (TL) to the nearest 0.1 cm and wet weight (WW) to the nearest 0.1 g were 
measured. 

Twenty two specimens of S. sutor (24.9 ± 1.9 cm mean TL, 249.2 ± 62. l g mean WW) 
were examined for endoparasites. The alimentary tract was divided into stomach and inte
stine. From the pyloric sphincter up to the anus, the intestine was eut into four equal parts 
and parasite Joad was counted for each section. For identification purposes, addüional live 
parasite specimens were obtained from S. sutor from the same area and immediately fi xed 
using the methods described by BERLAN D (1984) and PRIT 1-1 RD & KR SE (1982). The 
acanthocephalan was identifi ed using the the description of Sc1-1M1DT & PAPERNA ( 1978). 

The terms prevalence, intensity, mean intensity and abundance were used as indicated 
by MARGOUS et al. (1982). 

The frequency distributions of the parasites were compared with the theoretical 
Poisson and negative binomial functions. The number of frequency classes was determi
ned using the fo llowing equation Q = 1 + 3.3 log N, witb Q the number of classes and N 
the maximal number of a particular parasite recorded (ROBERT et al., 1990). The expected 
values for the Poisson series were calculated in Loh1s 123R4 for Window with the 
c. POISSON function, those for the negative binomial function were calculated using 

,. 
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PROBNEGB in SAS version 6.08. The k values were calculated with the maximum like
lihood equation (ELLIOTT, 1977). Goodness of fit was tested using the chi square test. 
Variance to mean ratio as well as k values were used as indices of dispersion. Variance to 
mean ratio will approximate unity ifthere is an agreement with a Poisson series. If varian
ce to mean ratio is greater than l, a contagious or aggregated distribution is suspected. The 
H0 hypothesis that parasite species (total number) were equally distributed over the four 

different areas of the intestine was tested using G and chj square tests (SOKAL & ROHLF, 
1987; 1995). Analysis of correlations of occurrence of two parasite species was do ne using 
Speannan's rank correlation coefficient r, since data on intensities of infection were not 

normally distributed. Statistica software (release 4.1) was used for most statistical analy
sis. 

RESULTS 

Five endoparasite species were found in the alimentary tract of Siganus sutor: the dige
nean trematodes Opisthogonoporoides hanumanthai Madhavi , 1971 , Gy liauchen papilla
tus (Goto & Matsudaira, 1918), Hexangium sigani Goto & Okazi, 1929, the acanthocep
halan Sclerocollum rubrimaris Schmidt & Paperna, 1978 and the nematode 

Procammalanus elatensis Fusco & Overstreet, 1979. 

In Table 1 the quantitative data on the five endoparasites are given. Prevalence was 
very high for ai l species, ranging between 68.2 % for H. sigani up to l OO % for G. p apil
latus. The digenean G. papillatus reached the highest mean intensity, 20 l .68 ± 12.54 para
sites per infected fish, the acanthocephalan S. rubrùnaris was the least conunon with a 
mean intensity of2.72 ± 0.12. G. papillatus accounted for 52.2 % of the total of8496 para
sites recovered from the 22 rabbitfish . Of ail fish examined, 54.5 % were infected with ail 
five endoparasites. Neither uninfected fish , nor single-species infections were recorded 
(Table 2). 

TABLE 1 

Quantitative data on the endoparasites of Siganus sutor 

Parasite species Tota l number Maximum Preva lence Mean intensity Abun dance 

of parasites (%) intensity (%) ± s.d . ± s .d. 
-----

O. hanumanthai 3254 (38 .3) 69 1 8 1. 8 180.77 ± 11.0 1 147.9 1± 8.73 

G. papillatus 4437 (52 .2) 13 17 100.0 20 1.68 ± 12 54 20 1. 68± 2.54 

H. sigani 3 17 (3 .7) 125 68.2 2 1.1 3 ±2.27 14.4 1 ± l.35 

S. rubrimaris 49 (0.0 1) 9 81. 8 2.72±0.12 2.22 ± 0 l O 

P elatensis 439 (5 .2) 53 90.9 2 1.95±0.64 19.95 ± 0 63 
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TABLE 2 

Relative proportion (%) of Siganus sutor infected with 0 to 5 endoparasite species. 
(Total number of fish examined = 22) 

Number of 
parasite species 

O. hanumanthai 

0 

2 
3 
4 
5 

Percentage S. sutor 
infected 

0 
0 

9.l 
13.6 
22.7 
54.5 

G. papillatus 

i:!r~~-J 1:!r&__ __ . ~1 
49 149 249 349 449 549 649 99 299 499 699 899 >999 

9 

max number of parasites per class max number of parasites per cl;;iss 

0 Poisson ·• -Neg. Binom. 0- Poisson • Neg. Binom. 

H. sigani S. rubrimaris 

J 1:'of~ ~ .... - -
29 49 69 89 109 129 0 1 2 3 4 5 6 7 8 9 

max number of parasites per class max number of parasites per class 

0- Poisson ·• -Neg. Binom. 0- Poisson -• -Neg. Binom. 

6 

0 

P. elatensis 

4 9 14 19 24 29 34 39 44 49 54 
max number of parasite per class 

0- Poisson 

Fig. l. - Frequency distribution of five endoparasite species of Siganus sutor 
with fitting of Po isson and negative binomial distribution. 
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The distribution of the endoparasites in the host population is shown m Fig. 1. 

Variance (s2) to mean (m) ratio and k-values (Table 3) are both used as indices of disper

sion: s2/m > 1 and l/k are both measures for clumping of the individuals in the host pop

ulation. Ali five endoparasite species were overdispersed (aggregated) throughout the rab

bitfish population. O. hanumanthai and G. papillatus showed a very high aggregation in 

the host's population. A few hosts carried an enonnous amount of parasites, eg. the maxi

mum intensity of infection in one host was 1317 for G. papillatus and 691 for O. hanu

manthai. 

TABLE 3 

Indices of dispersion, s'/111 and k-value, for the jive endoparasite species 

of Siganus sutor 

Parasite species s2/m k-value 

O. hanumanthai 249.58 0.59 

G. papillatus 377.64 0.53 

H. sigani 52.31 0.28 

S. rubrimaris 2.26 0.74 

P elatensis 9.40 2.36 

Poisson series and negative binomial distribution were fitted to the frequency distri

butions. A goodness of fit chi square test showed that none of the parasites were random

ly distributed in the host population (P < 0.001 for the Poisson series). Almost ail endopa

rasite distributions could be described by the negative binomial distribution (P > 0.05), 

except for the distribution of the nematode P elatensis. Although an aggregated distribu

tion was expected from the high variance to mean ratio for P elatensis, the negative bino

mial distribution was not a good theoretical function to describe tb is frequency dist:ribu

tion. 

A Spearman 's rank correlation (Tab le 4) between total length and nurnber of parasi

tes of eacb species showed significant negative correlations for O. hanuman.thai and H. 

sigani. The total parasite Joad was also sign ificantly negatively co1Telated with the size of 

the host. Of the total number of parasites found , O. han.umanthai accounted for 38.3 % and 

H. sigani for 3. 7 %, so this cou Id parti y ex plain the negative correlation of the total num

ber of parasites with the total length. But, on the other band, G. papillatus, which accounts 

for 52.2 % of ail the parasites, did not show a signifi.cant negative correlation between 

intens ity of infection and host size. The relation between total Jength and wet weight of 

the fish with an indication of the six least parasitized specimeus (total number of parasi

tes < 1 OO) and of the five most beavily parasitized bosts (total number of parasites > 600) 

is shown in Fig. 2. Mean weigbt and mean tota l length were considerably lower for the 

heavily parasitized sigan ids . 
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TABLE4 

Spearman 's Rank Correlation (rJ between total length (TL) of Siganus sutor 

and intensifies of infection. Signijicant correlations are indicated in bo/d 

Pair of variables 

TL-0. hanumanthai 
TL-G. papillatus 

. TL-fi. sigani 

§ 

TL-S. rubrimaris 
TL-P elatensis 
TL-total na/parasites 

400 -

350 ~ 

:ë 300 -
Ol 
(il 

• o ;;: 

r, 

-0.74 
-0. 12 
-0.69 
-0.27 
-0.37 
-0.53 

[!] 
!il 

p-level 

<0.001 
> 0.05 
<0.001 
> 0.05 
> 0.05 
<0.05 

0 

• 

~ Q) 250 -
~ 0 s ~ 

0 
200 - • 

0 • • 
150 -

0 
100 

20 22 24 26 28 30 

Total length (cm) 

< 1 OO parasites > 600 parasites 

• • Mean total length 26.3.±1.4 23.1 ±0.6 
±SD (cm) 

Mean wet weight 285.7 ±32.5 208.4 ±40.8 
±SD (g) 

• 

Fig.2.- Relation between total length and wet weight of Siganus sutor with indication of the leas t 
parasiti zed indi viduals (so l id circle) (< 1 OO parasites / fi sh) and the heavies t parasitized fish (star) 
(> 600 parasites / fish). Mean total length a11d mea11 wet weight a11d the ir standard deviations are i11di
cated in the accompaning tabl e and are sig11ificantly different for botb groups (T-test, P < 0.00 l ). 

The interrelationship between parasites is demonstrated in Table 5 by the Spearrnan ' s 
rank correlation coeffic ients (r,). For this comparison, only rabbitfish contain i.ng at lea t 
one of the two parasite species involved, were included. Ali three digenean parasites 
showed significant pos itive correlations with each other. Thus, there seems to be an asso-
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ciatton between the numbers of digenean parasites found in S. sutor. No correlation 
between the numbers of the acanthocephalan S. rubrùnaris or the nematode P elatensis 
and the other parasite species could be found . 

TABLE 5 

Correlation between intensifies of infection of five endoparasites of Siganus sutor 
(r, = Spearman s rank correlation coefficient). Significant correlations are indicated in bold. 

Number of pairs 

rs O. hanwnanthai G. papillatus 1-J. sigani S. rubrimaris 

Probability 

G. papillatus 22 
0.437 
<0.05 

/-/. sigani 18 22 

0.691 0.633 
< 0.01 < 0.01 

S. rubrùnaris 22 22 2 1 
0.147 -0.154 -0.33 
> 0.05 > 0.05 > 0.05 

P. elatensis 2 1 22 20 22 

0.328 0.3 13 0 .382 0.011 
> 0.05 > 0.05 > 0.05 > 0.05 

Microhabitat preferences of the five parasite species in the alimentaiy tract of S. sutor 
are shown in the histograms in Fig. 3. The stomach of S. sutor harbomed no parasites. The 
H0 hypotheses for the chi square as well as for the G test stated that the total number of 

parasites of each spec ies was equally di stributed over the four (equal) parts of the intesti

ne. Both tests rejected tbis hypothes is (P<0.001 ). The distribution of each of the parasite 
spec ies was not equal over the intestine but showed a di stinct pattern of preference. 

The three digenean species preferred the two most posterior parts, 13 and 14, but each 
species showed a di stinct microhabi tat preference within thi s posterior region. O. hanu
manthai was found in the J3 reg ion in 71 .5 % of the cases, G. papiflatus showed a prefe
rence fo r the 14 region (95.4 %) and H sigani was dist:ributed over both areas but with a 
slight preference for the 14 region (4 1.6 % in 13 , 58.4 % in14). 

The acanthocephalan S. rubrùnaris attached most freq uently (65.3 %) to the fast quar
ter of the intestine (Il ), with decreas ing numbers towards the rectum . P elatensis, the 
nematode, seemed the least site specific of the five species. lt was abundant in the first 
three quarters of the intestinal tract, but rarely occurred in the most posterior part ( 4.8 %). 
Each of the four intestinal sectors was characterized by the abundant presence of different 
parasite species: I J by S. rubrimaris, 12 by P elatensis, I3 by O. hanumanthai and I4 by 
G. papillatus, wh ich suggests a spatia l ni che segregation of the species . 
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Fig. 3. - Distribution- of fi ve he lminth species along the alimentary tract of Siganus sutor. 
Relative proportion(%) of the total number of parasites are given on top of each bar. (S = sto
mach, 11 -14 = four sections of the intestine from pyloric sphincter to anus.). 

DISCUSSION 

Siganids are herbivorous fish which incidentally take in invertebrate food items (LAM, 
1974, SUYEI-II RO, 1942). Siganus sutor lives in schools on reef fiats and seagrass beds. 
Although herbivorous fish are generally considered to harbour less intestinal parasites 
than carn.ivorous or omnivorous fish, this is certainly not the case for S. sutor, considering 
the high prevalences and mean intensities of parasites found in our study. 

Up to now, most parasitological studies on siganids were carried out on species of the 
Red Sea (DIAMANT & PAPERNA, 198q), the Philippines (JONES & HrNE, 1983) and the 
Seychelles (TOMAN, 1977; 1989). DIAMANT & PAPER.NA (1986) list thirty five parasite spe
cies ( 12 ecto- and 23 endoparasites) on tbree rabbitfish species, Siganus argenteu , S. luri
dus and S. rivulatus (Forsskâl, 1775) oftbe Red Sea. Ail five endoparasites considered in 
our study were also collected on the siganid species investigated by DtAMANT & PAPERNA 
( 1986), except for /-l. sigani on S. luridus and P elatensis on S. argenteus. h1fection levels 
were marked by DIAMANT & PAPER.NA (1986) on a nominal scale from "not found" to 
"rare", "fairly common" and "abundant". Heavy infections with O. hanumanthai and 
Gyliauchen papillatus were not noted in the Red Sea siganids. H. sigani and G. papillatus 
were also found in Siganus spp. (probably S. oramin and S. fluvescens resp.) from the 
Seychelles (TOMAN, 1977; 1989). 
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The mean intensities of digenean trematodes found in S. sutor are remarkably high. 
Stomach analysis only occasionally revealed remains of small cmstaceans and gastropods, 
which could have served as intennediate hosts (pers. obs.). VON WESTERNHAGEN (1973) 
also reported small invertebrates to occur as part of the food of S. oramin and S. striolata. 
The life cycles of the three digenean species, O. hanumanthai, G. papillatus and H. siga
ni have not yet been elucidated. Since S. sutor does not feed selectively on invertebrate 
prey, infection probably occurs by incidental ingestion of either encysted metacercariae on 
the plant material or small epiphytic invertebrates which are intennediate bosts. For dige
nean-dominated comrnunities, (sucb as in S. sutor), the molluscan fatma detennines wbich 
lifecycles will be possible in the ecosystem (K01E, 1983, ESCH et al., 1990). Those poten
tial intennediate host species found in the stomach of S. sutor could be examined for 
metacercariae as a first step to elucidating some of the life cycles of the digeneans found 
as adults in the whitespotted rabbitfish. " 

The acantbocephalan Sclerocollum rubrimaris was described by SCHMIDT & PAPERNA 
in 1978 from Siganus rivulatus and S. rostratus. DIAMANT (1989) studied the infection of 
the species in S. argenteus, S. rivulatus and S. luridus. Although the prevalence of S. rubri
maris in S. sutor (81.8 %) was bigher than in any of the three Siganus species investiga
ted by DIAMANT (1989), the mean intensity noted in S. sutor was lower (2.72 ± 0.12). 
DIAMANT (1989) also suggested that the infection route would be by accidentai ingestion 
of the infected intermediate host (mostly crustaceans). 

The nematode Procamallanus elatensis, previously recorded in S. luridus and S. rivu
latus from the Gulf of Eilat (Fusco & ÜVERSTREET, 1979) is also presumably acquired 
tlu-ougb the ingestion of infective larvae in crustaceans. 

Ali five endoparasites displayed an aggregated distribution in the host population. 
CROFTON ( 1971) pointed out that the infection process of parasites tends to lead to an over
dispersed distribution, with heavily infected hosts often killed by the parasites. An over
dispersed distribution ensures that the infection is kept at a low level with only a few hosts 
becoming beavily infected. ln fact, the parasite species acts as a regulator of the host po
pulation, the degree of the regulatory fonction being related to both host and parasite po
pulation densities. The dynamic equilibrium of host and parasite populations is essential 
to the continuous association between both. DIAMANT (1989) found an overdispersion of 
Sclerocollum rubrùnaris in both Siganus rivulatïts and S. argenteus populations and the 
frequency distribution cou Id be fitted to the negative binomial fonction. Severa! other exa
mples of overdispersed trematode distribution patterns have been recorded (CANNON, 
1972, WANSTALL et al., 1990). 

Although an overdispersed distribution is noted, the negative binomial is not always 
the right theoretical fonction to be fitted. H rNE & KENNEDY ( 1974) noticed this for 
Pomphorhynchus laevis in dace (Leuciscus leuciscus). In om study, the frequency distri
bution of the nematode P elatensis, although clumped according to the variance to rnean 
ratio, could not be described by the negative binomial fonction . The distribution seerned 

to be bimodal. 

Changes in the abundance of parasites with host size is a well k.nown phenornenon. 
DIAMANT ( 1989) noted increasing nurnbers of Sclerocollum rubrimaris with total length of 
Siganus rivulatus, but a decreasing trend in S. argenteus. He suggested that the acantho-
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cephalan infection is associated with feeding on deeper, adjoining algal patches where red 
sea weeds are abundant. S. rubrimaris infection showed a slight, but not significant, nega
tive conelation with the size of S. sutor. ln a study on the incidence of trematode parasi
tes of long rough dab (= American plaice) (Hippoglossoides platessoides) in relation to 
fish length, SCOTT (1975) pointed out that changes in the fish 's diet were the main cause 
for the observed differences (increasing as well as decreasing numbers of parasites with 
increasing host size). CANNON (1972) came to the same conclusions for intestinal trema
todes of perch (Perca jlavescens ). The observed negative correlations between the inten
sities of the digeneans O. hanumanthai and H. sigani and total length of S. sutor might be 
caused by a change in the fish 's diet, but a preliminary analysis of the food content of the 
stomachs did not show remarkable differences between smaller or bigger specimens 
(pers.obs.). DI AMANT (1989) relates the increasing spring abundavce of S. rubrùnaris with 
the accelerated feeding rates of S. rivulatus and S. argenteus during gonadal development 
and maturation. In our study, all S. sutor which were screened for parasites were adult and 
ready for spawning in January - Februaiy (NTIBA & JACCAJUN I, 1990). Migration move
ments associated with spawning behaviour and possible temporal changes in feeding 
habits of the adult fish have not yet been investigated for S. sutor, but they may provide 
valuable information to explain the observed differences in parasite load. 

Mass infections of parasites can negatively influence the host condition and growth 
(ROHDE, 1984). This may provide an alternative explanation for the observed differences 
in length and weight of lightly and heavily parasitized rabbitfish . The high infections of S. 
sutor with both endo- and ectoparasites (Monogenea, Isopoda, Copepoda) (GEETS, in 
prep.) and the Jack of knowledge on their life cycles and impact on their hasts, make the 
interpretation and detection of causative agents for this phenomenon impossible at this 
stage. 

Analysis of interspecific relationships between the five endoparas ites demonstrated 
that only the tluee digenean species significantly occurred together and that their infection 
intensities were positively correlated. Positive associations were found between a number 
of intestinal helminths in brown trout (Salmo trutta) (THOMAS, 1964). HINE & FRANCIS 
( 1980) studied interspecific associations between three digeneans and two nematodes of 
New Zealand freshwater eels (Anguilla diefjènbachii and A. australis) and attributed the 
positive association between two of the digeneans to the ir use of the same intermed iate 
host. To exp Lain positive associations, THOMAS ( 1964) suggested two hypotheses. The 
association could be of mu tuai benefit fo r both parasites, or the observed association cou Id 
be the result of ecological factors outside the host. HrNE & FRANCIS (1980) stated that posi
tive associations are unusual and that they ratber result from the distribution of tl1e infec
tions larval stages of the helrninths in relation to feeding habits of the host than from any 
cooperation between the helrninths. The importance of the intermediate host was also 
emphas ized by SOUSA (1994). Helrninth parasites which share the same intermediate host 
will often co-occur in indi vidual vertebrate bosts since they are acquired sirnultaneously 

when the final host feeds on this intermediate host. 

The correlated response of different parasites to certain heterogenous qualities of the 
host eg. age, sex, host size, was also suggested to resuJt in positive associations of parasi
tes. For O. hanumanthai and H. sigani infections in S. sutor, this last assumption could be 
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true. Intensities of infection of both species are negatively correlated with host size. 
Hence, their apparent interspecific interaction might be a result of independent negative 
correlation witb host size. Since G. papillatus infections are independent ofhost size (wi
thin the examined range), the positive association between O. hanumanthai or H. sigani 
and G. papillatus is not explained by this hypothesis. It is striking, however, that positive 
associations were only found between the three digenean species and no associations 
involved the acanthocephalan or the nematode species. A detailed study of S. sutor's fee
ding habits would probably provide a suitable explanation. 

The relationship between interspecific interaction and site selection by parasites has 
been widely discussed (HOLMES, 1973; 1990b). Assemblages of parasitesv consist of 
varying numbers ofpotentially interacting species (SousA, 1994). Bus1-1 & HOLMES (1986) 
defined a parasite infraconununity as being ail parasites species in a single host individu
al, and the component community (ESCH et al., 1990, SousA, 1994) as ail parasite species 
in a population of a certain host species. Parasite infraconummities are classified as inter
active or isolationist (HOLMES & PRJCE, 1986). Most infracommunities will be situated 
somewhere in between these two extremes. The parasite infracommunity of Siganus sutor 
tends to be more interactive than isolationist. Characteristics are: high colonization rates, 
high average densities of parasite infrapopulations and high species diversities (SOUSA, 
1994). In an interactive parasite infracommunity, as in S. sutor, frequent interspecific 
interactions amongst the parasites will occur, .which will eventually lead to a reduced spa
tial overlap and a tendency towards site specificity. Site selection is an active and conti
nuing process on the part of the parasite (HOLM ES, 1973). The presence of other parasites 
may modify the microhabitat selected by a particular species. Jt is a generally accepted 
rule in ecology that species which coexist in the same habitat, at the same time, will either 
compete or internet to specialize and hence segregate their niches. HOLMES (1973) hypo
thezised that interactive segregation, in which the realized niche of a species is reduced by 
the presence of another species, would gradually be replaced by (genetically based) selec
tive segregation, in which the realized microhabitat does not change in the presence or 
absence of another species. 

When we consider the microhabitat uses of the three digenean parasites found in the 
intestinal tract of S. sutor, more evidence is found for selective than for interactive site 
segregation. Since no single species infections were recorded in presént study, possible 
shifts in microhabitat use could only be compared in fish with high or low intensities of 
infection of a certa in parasite. G. papillatus, in 95 % of the cases found in the last quarter 
of the intestine (14), did not change its distribution when it was the only digenean species 
present (observed in 4 fish) . When infections of G. papillatus were low and outnumbered 
by O. hanumanthai or by H. sigani, no changes in the distribution along the iJ1testine were 
observed for the last two species, which again is an indication of selecti ve site segrega
tion. 

Site seg:regation along the intestine of fish is well documented (MA KENZIE & G1ssoN, 

1970, CANNON, 1972, MôLLER, 1974, HJN E, l 980a; l 980b, KENNEDY & MORIARTY, ] 987, 

DIAMANT, 1989, WANSTALL et al. ,1990, BUCl-IMANN, 1991). Our observations 011 the over
all distribution of the fi ve endoparasites of S. sutor along the intestinal tract, coincide witb 
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the distributions indicated by DIAMANT & PAPERNA ( 1986) for the same endoparasites in 
three other siganid species of the Red Sea. 

CROMPTON (1973) stated that the distribution of helminths in the intestine of verte
brates is related to the different conditions in different parts of the tract, to the effect of 
digestion and to the nature of the diet. Digenean parasites feed mainly on mucosa and epit
helial tissue. Therefore, they will be browsing in the intestine in places where the epithe
lial turnover rate is high (CROMPTON, 1973). The fact that the three digenean parasites in 
our study were most frequently found in the posterior part of the gut (I3 and 14) could sup
port this hypothesis. HALTON & ARM E (1971) pointed out that body surfaces of trematodes 
are fragile. The intestinal wall of I3 and 14 of S. sutor is characterized by dense villi which 
could act as a protection for the digeneans. When a mixed parasite popuJation is present, 
the relative size of the parasite bodies is also of importance (CANNON, 1972). Closely rela
ted sympatrie parasite species (or ecological equivalents) were generally separated by at 
least a 10 % linear measurement and the smaller species was a more specialized feeder 
(KEAST, 1968,fide CANNON, 1972). O. hanumanthai is the smallest of the three digeneans, 
followed by G. papillatus and H. sigani is the largest (pers.obs.). Both smaller species 
have a more restricted (specialized?) microhabitat than H. sigani. Furthermore, it was 
noted that the villi in the I3 part were rnuch smaller than in the 14 part. G. papillatus (gene
rally found in 14) was immediately noticed when it was present in I3, since its body part
ly projected into the lumen. O. hanumanthai specimens were more frequently found com
pletely enclosed between the small .villi of the third part of the intestine. 

The microhabitat of the acanthocephalan Sclerocollum rubrimaris in Siganus sutor, 
coïncides with the distribution reported for the sarne species in S. rivulatus and S. argen
teus, narnely the anterior 5-25 % of the gut (DIAMANT, 1989). Acanthocephalans feed by 
absorbing nutrient rnolecules thrnugh the trunk. CROMPTON (l 973) suggests tbat the 
attachment sites of adult acanthocephalans are therefore limited to regions of the intestine 
which are specialized for the absorption of nutrients . 

Nematoda are equipped with an alimentary canal and would thus be more free to roarn 
around the intestine. Procam.allanus elatensis also seemed to be the least site spec ific of 
the five endoparasites of S. sutor. Nevertheless, certain sites seem to be preferred by cer
tain nematode spec ies . HrN E ( l 980b) described the di stribution of three nernatode spec ies 
in two New Zealand freshwater ee ls. He noted that Paraquùnpera sp. and 
Spirocamallanus sp . were mostly found in the anterior or mid intestine, depending on the 
host spec ies . Cucul/anus sp. occurred more throughout the intestiJ1e. Migrations of this 
nematode with food was a possible explanation. 

SOMM ERVILLE (1963 ,jide HOLMES, J 973) stated that "each species of nematode tends 
to be located about the region of greatest abundance as a normal frequency distribution. " 
Th is can also be noticed for the di stribution of P elatensis in the gut of S. sutor (F ig . 3). 

The site segregation of the endoparasites of S. sutor described in the present study, is 
probably not the only mechanisrn of niche restriction invo lved for the parasites. Since only 
adu lt fish of one sampliJ1g occasion were investigated, temporal segregation for instance 
cou ld not be studied. l nfection with different parasites at different tirnes of the year was 
demonstrated in previous studies to be a potential mechanism to avoid competition. 
Paras ites may a lso utilise different age classes of the host, which is a spec ial ki.nd of tem-
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poral niche segregation, or may show a reproductive segregation in time. Fmihennore, 
spatial segregation, as described here within the intestine of a host, is not the only aspect 
of differential use of 'space'. Geographical segregation (not discussed here) is an other 
mechanism to avoid niche overlap. 

Deeper understanding of the observed infection patterns of Siganus sutor endoparasi
tes will have to await studies on the ecology of the fish and elucidation of the life cycles 
of its parasites. 
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THREE ECHINODERM INHABITING FLATWORMS 
(PLA.TYHELMINTHES, RHABDOCOELA) 

FROM WESTERN ~USTRALIA 

ULF JONDELIUS 

Swedish Museum ofNatural 1-listory, Department of lnvertebrate Zoology, u 

PO Box 50007, S-104 05 Stockholm (Sweden) 

Summary. Three new species of flatworms symbiotic in echinoderms from Western Australia 
are described. Pterastericola rottnestensis n.sp. belongs to the Pterastericolidae. Syndesmis cannoni 
n. sp. and Wahlia westbladi n. sp. are members of the Umagillidae. 

Key words: Ammotrophus, Astropecten, Echinodermata, Platyhelminthes, Pterastericola, 
Pterastericolidae, Rhabdocoela, Stichopus, symbionts, Syndesmis, Umagillidae, Wahlia, Western 
Australia 

INTRODUCTION 

The rhabdocoel flatwonns of the Pterastericolidae and Umagi llidae are endosymbionts 
of echinodenns. Eastern Australian representatives of the two groups were treated by 
CANNON in numerous papers (1974, 1978, 1982, 1986, 1987 and 1990). To-date tbere are 
no Australian records of the groups outside Queensland and New South Wales. 

The present paper reports t,be first new species of the Umagillidae and Pterastercolidae 
(Platyhelminthes, Rbabdocoela) occuni11g on the Australian west coast. 

MATERJAL AND METHODS 

Specimens of host echinoderms were collected by SCUBA diving (Astropecten preis
si M üller and Troschel, 1843 , Stichopus mollis, (Hutton, 1872)) or dredging 
(Ammotrophus arachnoides H.L. Clark, 193 8) off Rottnest Island, Western Australia in 
January 1991. The echinoderms were dissected, the intestine and the rest of the body 
placed in separate dishes and inspected for flatworms with the aid of a dissecting micro
scope. Flatworms were studied live under a compound microscope. Fixation of wonns for 
serial sections was in Bouiu 's fluid. Sections were eut at 5-6 µrn and stained with hemat
oxyli.n-eosin or Mallory's trichrome stain. 
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RESULTS 

Pterastericola rott11este11sis n.sp. 

Type material 

Holotype (SMNH 4841) one longitudinally sectioned specimen from oesophagus of 
Astropecten preissi from sandy bottom off Rottnest Island, Western Australia, January 
199 1. Paratypes, 8 longitudinally and cross sectioned specimens, from oesophagus and 
stomach of host, sa111e data as holotype . The wom1 was present in ail five specimens of A. 
preissi dissected. A total of 29 specimens were found. This is the species refen-ed to as 
Pterastericola sp Rottnest by JONDELIUS ( l 992a; l 992b ). 

Description 

Body broad, rounded and flattened anteriorly, tapering posteriorly, unpigmented. 
Length of live specimens l.O 111111 (0.8 - l.2 mm, n = 6). 

Pterastericola with tripartite vitellarium, two anteriorly and one posteriorly directed 
branches (Figs 1 A, 2 E). Single egg capsule in ootype. Gonopore immediately posterior 
to pha1ynx, somewhat left of body midli11e. 

Epiden11is uniformly ciliated, ci lia about 5 µm long. Nurnerous eosinophilic gland necks 
penetrate epidemial cells on the ventral anterior surface (Fig. 2A, B). Mouth opening to ante
rior ventral surface, leading to anteriorly directed sub-spherical pharynx, which is 55 - 60 µm 
long ( n = 5), 52 - 60 ~1111 wide_ ( n = 4) and 68- 72 ~1111 high ( n = 3). Brain imrnediately ante
rior to pharynx. Intestine sac-like, dorsal , extending posteriorly from pharynx. 

Testis a thin-walled sac extending posteriorly from copulatory bulb. copulat01y bulb bean 
shaped 65 - 78 ~un long and 25 - 38 ~un wide (n = 5), divided into two compartments boldü1g 
serninal and prostatic vesicles (Fig. 2 D). Male aimature consisting of stylet a11d accesso1y 
piece whicb is blunt and much shorter than the stylet (Fig. 1 B, C). Musculai· male antrum jou1s 
ciJiated common genital atrium, which reaches ventral body smface at conunon gonopore. 

Single ovaty on left side anterior to testis, posterior to gonopore, anteriorly with lar
ger, mature oocytes (F ig. 2 C). Oviduct anteriorly joined first by seminal receptacle and 
tben vitelline ducts and shell glands . No pseudovagina was observed. Egg capsules were 
only observed in the ootype; none were seen in the parenchyma. 

Comments and differential diagnosis 

Tripaitite vitellaiia with two anteriorly directed Çranches occur in P sinensis, Jondelius 1992 
a species that, like P rottnestensis, occurs in the oesophagus and cai·diac stomacb of an asteroid 
of the genus As tropecten. However, in P sinensi mouth and gonopore are widely separated. 

The male armature of Pterastericola rottnestensis differs from other known spec ies of 
the genus since the accessory piece is much shorter than the stylet, and blunt-ended. 

Etymology 

The species name is derived from the type locali ty. 
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Fig. 1. - Pterastericola rottnestensis n.sp. - A. veDtral view of general anatomy; reconstruc
tion from live animais and serial sections - B, C. copulato1y stylets drawn from life - D. dia
grarn of geDital system in lateral view; reconstruction from serial section . 
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Fig. 2. - Pterastericola 1vttnestensis n.sp. - A rnediaiJ longitudinal section showing pbaiynx (ruTOw), uterus 
(all'owhead) md ovaiy - B. cross section of ai1terior part at the level of the brain howing eosionophilous adhesi
ve glai1ds (aJTow) penetrating the ventral epidenuis - C. horizontal section of ova1y with mature oocytes a11te1ior
D. cros section showing male antrum (ai1uw), pro tale gl<mds ai1d opulato1y bulb (airnwhead) - E. free hai1d cfra
wing of the habitus of live wom1. (A-D photomi 1 graphs fi-om se1ial sections; scale bars: 1 OO ~UTI). 
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Symlesmis cau11011i n. sp. 

Type material 

Holotype (SMNH 4815) one longitudinally sectioned specimen from intestine of 
Ammotrophus arachnoïdes from sandy bottom off Rottnest Island, Western Australia, 
January 1991. Paratypes, 5 serially sectioned specimens, same data as bolotype. 

The wom1 was present in ail five specimens of A. arachnoides dissected with a total 
of 23 specirnens found. 

Description 

Anteriorly and posteriorly blunt-ended, 0.9 - 1.2 mm long (live specimens), red-pig
mented Syndesmis with short stylet wholly within male antrum. Ejaculatory duct without 
coils (Figs 3 A, C). 

Lateral edges of body curved towards the ventr'll surface (Fig. 4 C) ~ Dorsal epidermis 
densely ciliated, cells 7 - 11 ~u11 high, cilia 3-4 µm long. Ventral epidermis 3-4 ~un high 
with sparse, 5-7 µm long ci li a. Ventral surface medially with clusters of club-shaped cells 
that protrude 9-12 µm (n=4) (Figs 4 A, C). 

pharynx 

1.0mm 

Fig. 3. - Syndesmis cannoni n.sp. - A. Dorsa l view of genera l a1Ja tomy. Reconstrucbon frorn li ve 
animais and seri al sections.- B. Egg capsule. - C. Camera lucida clrawing of stylet surrouncled by 
lobes of pellucicl (glandular?) ti ssue. 
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A 

D 

Fig. 4. - Syndesmis cannoni n.sp.: photornicrographs from serial sections - A. rnedian longitudina l 
section showing ejaculatory duct (arrow), uterus (arrowhead) with egg capsule and vitel larium; note 
papillate epidermal cells ventrally and pharynx anterior to ejaculatory duct - B. cross section showing 
pharynx (arrow) and dorsoventra l mu culature - C. cross section showing ejaculatory duct (arrow), 
uterus (arrowhead) and vitellaria, note cu1ved latera l parts of body and papi llate epidermal cells vent
rally - D. long itudinal section of posterior part, sbowing stylet (arrow) cormected to walls of male 
antrum, comrnon atrium (arrow), gonopore and vagi na (arrowhead). (Sea le bars: 1 OO µm). 
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Mouth opening to ventral surface one-fifth of the body length from the anterior end. 
Ventrally directed pharynx, sub-spherical 40-50 µm high, 65-82 µm wide (n=4) (Figs 4 A, 
B). Saclike, dorsal intestine extending posteriorly from pharynx. 

Paired testes on both sides of body midline behind pha1ynx reach vitellaria posterior
ly. Spenn ducts extend anteriorly, hm1 posteriorly and join common ejaculatmy duct. 
There is no seminal vesicle outside the 600-700 µm long ejaculatory duct, which has no 
coils, but is sheathed by a 3-5 ~un layer of circular muscles. Lumen of ejaculatory duct 
conspicuous, filled with spenn (Figs 4 A, C, D). 

The male antrum has a folded lining (Fig. 4D). Sclerotized straight penis stylet 47-50 
µm long (n=4), with proximal collar, positioned in male antrum and attacbed to the antrnm 
walls through lobes of pellucid (possibly glandular) tissue (Figs 3A and C). 

Vitellaria posterior to testes with 4-6 maÎJ1 branches with distal lobes enter uterus/ooty
pe at about halfbody length. Paired ovaries posterodorsal to vitellaria, each with two lobes. 
Ovaries enter uterus/ootype posterodorsally to vitellaria. Uterus ventral to ejaculatory duct 
occupies a large proportion of body cross section wben containing an egg capsule (Figs 
3AD and 4C). Seminal receptacle enters uterus/ootype posterodorsally, posteriorly tapering 
to short sclerotized duct entering copulatory bursa. Distally to the bursa a prominent vagi
na enters the common att·ium (Fig. 4 D). Conunon gonopore postera-terminal. 

Comments and differential diagnosis 

The short stylet distiguishes S. cannoni from seventeen of the previously described 
species of Syndesmis and Syndisyrinx (see MO ENS et al. ( 1994) for a complete list of spe
cies and authors). The remaining speciès S. aethopharynx Westervelt and Kozloff, 1990 
bas a short stylet, but egg capsules are anterior and the pharynx is club-shaped. 

The distinction between the genera Syndesmis Silliman and Syndisyrinx Lehman 
seems arbitra1y Presence of a bursal valve was regarded by LEHMAN ( 1946) and CANNON 
( 1982) as the distinguishing feah1re of Syndisyrinx. However, KoZLOFF and WESTERVELT 
(1987) found a bursal valve in Syndesmis echinorum, the type species of Syndesmis, thus 
thi s distinction is not valid. Electron microscopy of the bursal valve in S. longicanalis 
sbowed it to be a derivative of basal lamina developed to a varying degree in different 
mature spec imens (GEVAERTS et al. , 1995). A wide male antrum wbere the stylet is con
nected to the walls tbrough tissue is possibly an apomorphy of Syndesmis {WESTERVELT 
and KOZLOFF, 1992), the male antrum being narrower and the stylet free-moviJ1g in 
Syndisyrinx. However, data on these feahires are lacking for many of the Syndesmis 
/Syndisyrinx species. Class ification must depend on hypotbeses of pbylogeny, and sucb 
are not ava ilable at present for the species of the Syndesmis - Syndisyrinx complex, bence 
there is no reason to sp lit them into separate genera. I thus concur with MARCUS ( 1949), 
WESTBLAD ( l 953), HYMAN ( 1960) and MOENS et al. ( 1994) that Syndisyrinx should be sup
pressed and ail the species referred to Syndesmis. 

Etymologie 

The species is named after Lester R. G. Cannon in recognition of bis contribution to 
the knowledge of symbiotic flatworms. 
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Wahlia westbladi n. sp. 

Type material 

Holotype (SMNH 4816) one longitudinally sectioned specimen from papillose ante
rior part of intestine in Stichopus mollis from bottom off Rottnest Island, Western 
Australia, January 1991. Paratypes, one longitudinally sectioned and one cross sectioned 
specimen, same data as holotype. Severa! specimens studied live:. A total of 23 specimens 
were found in the four specimens of S. mollis dissected. 

Description 

Red-pigmented, with broad anterior end, tapering posterior. Body length l.7 mm (l -
2.5 nun, n = 6), relaxed specimens longer than 2 mm. Pharynx one-sixth body lengtb frorn 
anterior. Anterior end of worms often positioned between papillae of host intestine witb 
posterior protruding upwards from the epithelium. 

One dorsal and two lateral 1.ongitudinal ciliated bands present, remainder of epidermis 
unciliated. Mouth opening large, about 75 ~Lm wide, to ventral surface. Pha1y nx ventrally 
directed, thin-walled but wide 150-200 ~Lm (anterior- posterior) by 150-160 µm (lateral) 
(n=3). Intestine a simple sac wholly posterior to pharynx, lined with vacuolated cells 
(Fig. 6A). 

Paired lateral testes without prominent lobes from level of pharynx posterior to about 
two-tbirds of body length ( depending on stage of maturity). Sperm ducts from posterior part 
of testes extend anteriorly and unite to form common sperm duct before entering semi.na! 
vesicle positioned anterior to phaiynx. Seminal vesicle curved, proximally bulbous 50 ~Lm 
by 60 µm in longitudinal section on holotype. Long sclerotized copulatmy stylet runs 
through body near midline, enters bulbous penis papi lia wit:h mu cle fibres and vacuolate tis
sue (85 x 95 µmin longit11dinal section ofparatype), and makes a 360° loop. Common geni
tal pore postero-terminal (Figs 5 A, C, 6 B, C, D). 

Paired ovaries unbranched but w ith distal lobes, curving posteriorly fro m ooty
pe. Vite llar ia la teral , two ma in branches on each side of the body ex tend a nteriorly 
from ootype to level of pharynx with numerous small latera l branches. Vagina dor
sa l frorn comrnon atrium j o ining seminal receptac le (Figs 5 , C, 6 D) through a 
sho rt and narrow sclerotized tube (Fig. 5 C). Semina l receptacle dorsal , with sperm
filled vacuoles (F ig . 6D) connected to ootype through unsc lerotized duct w itb 
sph incter. Bursal valve absent. Dista lly the primary uterus (about 200 µ m long), 
which con tains one untanned egg capsule in mature specimens, joins the seconda.ry 
uterus (about 180 ~m1 long in sectioned paratype) , which nonnally contains two tan
ned egg capsules . 
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The tetrahedral tarmed egg capsules are often released when live wonns are transfer
red from the host intestine to a glass dish. Tai! piece of egg capsules distally split into mul
tiple coiled threads (Fig. SB). 

_seminal vesicle 

__ pharynx 

testis 

----_seminal duel 

- ---Yilellarium 

2.0mm uterus .--·-

B 

common atrium 

-----

A seminal receptacle 

c 

uterus secondary uterus 

Fig. 5. - Wahlia westbladi o.sp. - A. dorsal view of general anatomy; reconstruction from live ani
mal and serial sections - B. egg capsule - C. organisation offemale sy tem in lateral view. 
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Fig. 6. - Wahlia westb/adi n.sp.: pbotomicrographs from serial sections - A. longitudinal section through pha-
1ynx, oesopbagus (airnw) and intestine - B. longitudinal section showù1g stylet (airnw) ente1ing loop ti ue 
(airnw head) - C. longitudinal section showing tai1gentially sectioned phaiynx, scminal vesicle (arrowbead) ai1d 
prox.imal pait of stylet (airnw) - D. longitudinal section showing stylet in loop ti sue (aimw), vagina (an- w
head) and dista l part ofu terns (line) - E. longitudinal section showing seminal receptaclc (airnw), ovaiy (arrow
head) and uterus (airnwhead); note ciLiated dorsal pait of epide1mis. (Scale bai : 1 OO ~u11). 
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Comments and differential diagnosis 

The copulatory stylet in Wahlia westbladi is longer relative to the length of the body 
than the stylets of Seritia striata (Hickman, 1955), W. arbora (Ozaki, 1932), S. elegans 
(Westblad, 1953) and W. pulchella, Kozloff and Shinn, 1987. In W. arbora the testes are 
lobulate and vitellaria reach posteriorly to the level of the common atrium. In W. elegans 
the pharynx is antero-tem1inal. 

The species that most closely resembles W. westbladi is W. macrostylifera Westblad, 
1930 from the intestine of Parastichopus tremulus (Gunnérus, 1767) on the Norwegian 
west coast. W. macrostylifera and W. westbladi have similar body to stylet length ratios. 
However, W. macrostylifera possesses H shaped vitellaria. Examination of Westblad 's 
material (SMNH) reveals the uterus wall to be more muscÜlar, and the proximal, scleroti
zed part of the vagina is longer than in W. westbladi. Furthermore, WESTBLAD (1930) 
reports the body length of fully extended specimens to 1.5-1.6 nun whereas W. westbladi 
reaches 2.5 mm. 

The nature of the bursa copulatrix, the bursal valve and the seminal receptacle in 
Wahlia and related genera was discussed by CANNON (1982) and KüZLOFF and S1-11NN 
(1987). The latter authors concluded that a seminal bursa is absent in the genus Wahlia 
(also iueluding the species previously referred to Ozametra) and referred species with a 
distinct bursa to the genus Seritia Catmon. Unfortunately they provided no micrographs to 
illustra te the differences in the female systems of the two genera. Perhaps the situation in 
Wahlia westbladi could be regarded as intermediate: a discrete bursa with sclerotized 
excurrent nozzle and sheath is absent, but tbere is a sclerotized proximal part of the vagi
na opening into the seminal receptacle and a sphincter sunounding the proximal parts of 
the seminal receptacle. 

Etymology 

The species is named in recognition of Einar Westblad for 11is contribution to platy
helminth research. 
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MICROSCOPIC OBSERVATION 
OF THE RETINAL PHOTORECEPTOR LAYER 

OF THE COMMON BARBEL 
(TELEOSTEI: CYPRINIDAE) 
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Summary. Light and electron microscopie observations show that cones belonging to four types 
are present in the retina of the common barbe! Barbus barbus (L.): short single cones, long single 
cones, twin cones, and unequal double cones. They do not exhibit any particular arrangement. 
Estimates of cone density suggest that the common barbet has multichromatic vision but of low acui
ty and that no difference ex ists between the lower and the upper parts of the retina. Both cone densi
ty (approximately 3000 units/mm2) and the proportion of doubl e cones to single cones (approxima
tely 1 :3) are low. The view that the barbe! has an inferior colour vision is in good agreernent with the 
fact that this species is active mainly at twilight, but with ·diurnal activity during spawuing. 

Key words : Barbus barbus, Teleostei, Cyprinidae, retina, photoreceptors, colour perception. 

INTRODUCTION 

From most studies concerning the visual perception of fi sh (see for review WAGNER, 
1990), the retinal morphology of these anjmals appears mainly to refl ect the functional 
requirements imposed upon the visual system by ecological and ethological factors. 
Photoreceptors are regarded as key detem1inants of the visual performance of a species . 
Visual conmmnication, considered an important factor controlling fish behaviour (LEVTN E · 
et al., 1980; WAGNER et al. , 1992), often in volves colour patterns and hence a well-deve
loped colour vision depending on the abundance and distribution of cones. 

ln barbets, reproductive behaviour is diurnal , though the an imais tend to be active at 
dusk and at dawn (BA RAS & Cl-ŒRRY, 1990; BARAS, 1992; PONCIN et al.; 1994). During the 
spawning act - sometimes preceded by "forebead swim" in which two fisbes swim 
together, at high speed, head against head - the female and some accompanying males 
(approximately 8 to 30 fishes) ri.se from tbe grave) and move their genital papiUae in the 
grave! wb ile releasing ova or sperm. Such spawning bebav iour implies visua l and vibra
tiona l eues wbicb may be regarded as important factors controlling barbel reproduction as 
repo1ied in streamwaters species, e.g. Oncorhynchus nerka (Walbaum, l 792)(SATOU et al. , 
1987). The influence of sucb stimuli is of great interest when considering the mating pro-
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cess in fish, particularly in the genus Barbus where hybridisation is possible between fi
shes of different size and colour (e.g. Barbus barbus (L., 1758) and Barbus meridionalis 
(Risso, l 826)(PONCIN et al., 1994). 

The aim of the present study was to observe the retinal photoreceptors of the common 
barbe! by light and electron microscopy, with special emphasis on cone variety and distri
bution. This preliminary approach will allow determination of the visual capabilities of the 
barbel. Hypotheses thus formed could be tested by an experimental approach using dum
mies of different sizes and colours. 

MATERIALS AND METHODS 

Preparation of the material 

Barbus barbus (L., 1758) individuals were taken from a stock originated from the 
River Omthe (Belgium). They had been reared in tanks from the egg stage to maturity 
(PHILIPPART et al., 1989), and kept in an aquarium for 2 years. One male ( 118 g) and two 
females ( 177 and 263 g) were chosen for microscopie observation of the retina. These fish 
were kept for 48 hours in the dark to limit the retino-motor reflex and anaesthetised by 
addition ofup to 0.4%0 2-phenoxyethanol to the water. From this time on, ail bandling took 
place under low-intensity red light. The eyes were excised from the orbits and opened by 
removal of the iris and the crystalline lens. Then, the detachment of the retina was indu
ced by incubation for 2 hours in Ca2+-free Ringer solution at pH 7.4 (composition: 113.5 
mM NaCl , 11.9 mM NaI-îC03, 3.3 mM NaH2P04 , 3.4 mM KCl, 21 mM MgCl2 and l l.l 
mM glucose) according to LEVrN E et al. (1980). The eyes were then fixed by immersion 
for 45 min in the dark at room temperature in 2.5% glutaraldebyde in the Ringer solution. 
Back in the daylight, one sector from the upper and one from the lower part of the deta
ched retina were isolated. The fragments were fixed again for 30 min in glutaraldehyde
Ringer solution, then postfixed for 1 hour at 4°C in 1 % osmium tetroxide in Ringer so lu
tion. After washing in distilled water and dehydration in a graded ethanol series and in pro
pylene oxide, they were embedded in epoxy resin (Glycidether 100, Serva); fiat rubber 
moulds or Beern capsules were used, respectively, for producing transverse or tangential 
sections. Semithin and ultrf}thin sections were obta ined with a Reichert-Jung (Ultracut E) 
ultramicrotorne equipped with a diamond knife. Semi th in sections were stained with a l % 
to luidine blue solution at pH 9.0 and observed under the ligbt microscope. U ltra thin sec
tions contrasted with uranyl acetate and lead citrate were observed in a Jeo l JEM 100-SX 
transmission electron microscope under an açcelerating vo ltage of 80 kY. 

Photoreceptor cell count 

The cones were counted on serial semithin sections eut as parallel as possible to the reti
na surface. According to the section Level, two counting zones were detemlined to count 
separately the outer segments of the long cones (long single cones and long partners of un
equal double cones) and the Limer segments of single cones, equal double cones, and unequal 
double cones. ln each zone, the cone segments were counted in tlu·ee to eight areas using a 
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clear chamber on an Olympus BH2 microscope. The mean number of cones of each type per 
surface mùt (1111112) was calculated for ail three fish, separately for the sectors in the upper 
and lower parts of the eye. No distinction was made between the left and right eyes. The pro
portion of short and long single cones was calculated first for each fish before calculation of 
the mean values. For this evaluation, we considered the number of long single cones to be 
equal to the number of long cone segments minus the nurnber of unequal double cones 
observed ou the sections, and the number of short single cones to be equal to the number of 
single cones observed on the sections minus the calculated nurnber of long single cones. 

RESULTS 

Microscopie observation of semithin (Figs 1-4) and ultrathin (F igs 5-6) sections of the 
conm1on barbe! retina shows that, in addition to numerous rods, many cones are present 
in the retina of both the upper and lower parts of the eye. In transverse sections (F igs 1, 
2), the photoreceptor layer is approximately 1 OO nun thick, representing about half of the 
overall thickness of the retina. Cones are easy to disti.nguish fro m rods by the larger size 
of their inner segment. Four types of cones are observed : short single cones, long single 
cones, twin cones, and unequal double cones. Taugential semithin sections eut parallel to 
the retina surface show that the cones are raudomly distributed; different types eau be di s
tinguished accordiug to the section level. At the first level toward the outer side of the reti
na, the outer segment tops of long cones are easily di stingui shable among those of the rads 
(F ig. 3). They appear more intense ly toluidine blue-stained, their di ameter is usually grea
ter, and they are surrounded by a small rod-free area. They most likely belong to long sing
le cones or to the long partners of unequal double cones. At the second level, deeper 
toward the externat limiting membrane (F ig. 4) , single cones appear as large, round, dark 
blue sections mostly corresponding to the sc lerad pole of the inner segment also known as 
the "ellipsoid". These inner segments of cones are read ily identifi ed in transm.ission elec
tron rn icrographs by the abundance of large mitochondria (Figs 5, 6). Si.mi larly, double 
cones with identical partners (i .e. "twin cones") appear as two clo ely j uxtaposed round or 
crescent-shaped sections of similar size and/or sta ining intens ity. In contrast, the w1equal 
doubl e cones exhibi t two sections of different size. Both partners of double cones are 
always located in the same surround ing rod-free area. 

As reported in Table I, the estimates of the nurnber of cones of the different types per 
surface uni t do not reveal any significant difference between retina sectors in the upper 
and the lower parts of the eyes (Ma1m-Whitney U test va lues > 0,05) . In both parts, the 
tota l cone density reaches approx imate ly 3000 units per mm2 and the relative proport ion 
of the different cone types appears to be quite sim.ilar. Single cone constitute the great 
majority. The proportion of doub le cones to single cones reaches only about 1 :3. 
Moreover, with a density between 1600 and 1700 unit per rnm2, short single cone 
amount to over half of the total number of cones and over two-thi.rd of the number of 
s ingle cones. The ca lculated results g iven for each fi h do oot show obvions differences 
between individuals. The large standard deviations on the mean values of cone densities 
may be due to the very low number of cones in the counting areas, e.g. the number of twin 
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cones or unequal double cones is often below 10 units and sometimes below 5 units in a 
microscopie field covering approximately 0.015 1111112• 

TABLE! 

Density of canes of the different types in the 11pper and lower sectors of the retina 
of the common barbe!, Barbus barbus. Th e results are reported for each fish 
as cane numbers per unit (mm2) of retinal swface (fish n° l: female of 177 g; 
fish .n° 2: female of 263 g; flsh n° 3: male of 155 g). Th e mean numbers in the retina sectors are 
calculated with standard deviation (n=3) and statistically compared by the Mann-Whitney U test. 

Upper sector of the retina Lower sector of the retina 

Cone types Fish Fish Fish Mean Fish Fish Fish Mean U test 
n° 1 n° 2 n° 3 ±SD n° 1 n° 2 n° 3 ±SD 

Cones (total number) 2997 3200 3625 3274±320 3568 3215 3233 3339 ± 199 24 
Long cones 1240 1227 1200 1222±20 1200 800 2000 1333 ±6 11 3.5 
Single cones 2 133 2167 2750 2350 ± 347 3048 2615 2289 2651 ± 381 2 
Long single cones 673 360 975 669±307 936 538 1644 1040 ±560 3 
Short single cones 1460 1806 1775 1680± 191 2112 2077 644 1611 ± 837 3 
Double cones 864 1033 875 924±95 520 600 944 688±226 2 

Twin cones 297 167 650 371 ± 250 256 338 589 394± 173 4 
Unequal 
doubles cones 567 867 225 553 ± 321 264 262 356 294±54 3 

DISCUSSION 

Concerning the visual capabilities of B. barbus, the present microscopie observations 
of the retinal photoreceptor layer and our cone density estimates suggest that this species 
perceives colours rather poorly; thi s tallies with the crepuscular acti vity of the species 
(BA RAS , 1992). Given the thickness of the photoreceptor layer, the size of the outer seg-

Fi gs 1 - 4. - Vertical semithin sections of the common barbe! retina as observed by light microscopy 
after staiDing with to luidine blue - Figs 1-4: vertica l sections.Ise, long single cones; ONL, outer 
nuclear layer; PL, photoreceptor layer; r, rod outer segments; ssc, short s ingle cones; udc, Lmequal 
doubl e cones. - Figs 3-4: HorizoDtal sections at the outer (F ig. 3) and inner (Fig. 4) levels iD the 
photoreceptor layer; oie, outer segmeDt of long cones including long single cones and the long pat
ner of unequal doubl e cones; ri s, rod inner segments; ros, rod outer segments; te, outer or inner seg
ments oftwiu cones; udc, outer and/or inner segm ents of unequal doubl e coues . (Sea le bars: 20 mm). 
Figs 5 - 6 - Vertical (F ig. 5) and hori zonta l (Fig. 6) thiD sections of the commoD barbe! retina obser
ved by transmiss ion electTOn mi croscopy after stain ing in uranyl acetate and lead citrate; cis, cone 
inner segments or "ellipsoids"; cos, cone outer segments; ri s, roc! inn er segment ; ros, rod outer seg
ments. (Scale bars in 5 : 2 mm ; in 6 : 10 111111). 
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ments of rods, and the abundance of cones of four different types, the barbe! retina seems 
to be halfway between that of diurnal species and that of species living in low-light-level 
habitats (see for review WAGNER, 1990). The most obvious difference between the retina 
of the conunon barbe! and that of fish living in low-light habitats is the presence of abun
dant cones of different types and lengths, as mostly develop in the retina of diurnal spe
cies. Since cones of different types are known to contain visual pigments sensitive to light 
of different wave-lengths (for review, see MARC & SPERLING, 1976; BOUWMAKER, 1990), 
the four types of cones in the barbe! retina can be assumed to ensure multiclu-omatic per
ception. A more detailed comparison reveals that the barbe! possesses less developed rods 
with shorter outer segments and a thicker neural retina than fish living "'{;ith a low light 
level. The relative thickness of the photoreceptor layer is approximately 50% of the over
all retinal thickness, whereas it reaches over 80% in deep-sea fishes (MUNK, 1964, 1966) 
and in the glass catfish Kryptopterus bicirrhis (Cuvier & Valenciem1es, l 839)(WAGNER, 
1990). By comparison with diurnal species, however, the barbe! retina appears more simp
ly organised and can be assumed to have a colour vis.ion of lower acuity. lt contrasts with 
that of species with superior visual capabilities sucb as Aequidens pulcher(Gill, 1858), a 
diurnal cichlid predator, the roach Rutilus rutilus L. 1758, which has tetrachromatic colour 
vision, or the Salmonidae (Al-ILBERT, 1976; WAGN ER, 1990): the cone density is lower, the 
proportion of single cones is higher, the cone densities are sirnilar in different pa1is of the 
retina, and there is no regular or mosaic arrangement of cones. The total cone density of 
approximately 3000 units/mm2 in the barbe! retina can be compared, for instance with 
values recorded by AHLB ERT (1976) in the .retina of the sea trout Salmo trutta L. 1758: 
lower value: 6,750 units/mm'· i.e. twice as rnuch; higher value: 28,500 units/Jmn', ortwel
ve times the barbe! value). Sirnilarly, double cones are the rnost abundant type of cone in 
true diurnal species, whilst in the barbe! they are but poorly represented. Double cones are 
4 to 18 tirnes less nurnerous in the barbe! retina (approximately 700-800 units/1111112) than 
in the retina of the sea trout (163 to 686 units/0.05 nun' : AHLBERT, 1976) and 4 to 16 times 
less numerous than in salrnon retina (153 to 598 units/0.05 mm' : A.HLB ERT, 1976). Thus, 
the ratio of double to single cones is about 0.3 in the barbe! , which is much lower than in 
diurnal salmonidae (1.07 in the sea trout and up to 1.80 in salmon). 

In conclusion, the organisation of the retina of the common barbe! suggests that the 
multichromatic perception of this fish is most probably poor, in keeping with the mainly 
crepuscular activity of this species. The barbe! is most probably abl~ to discrirninate 
colours due to the presence of four different types of cones in its retina, but the rather large 
cone spacing suggests that it cou Id have a low colour vi sion acuity. Nevertheless, the pre
sence of cones suggests that the barbe! retina can perceive colours; this may be related to 
the barbe! 's diurnal spawning behaviour, described by B ARAS ( 1992). 
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SCARIDIUM ELONGATUMN. SP., 
A NEW MONOGONONT ROTIFER FROM BRAZIL 

1-I ENDRIK SEGERS 

Laboratory of Animal Ecology, Zoogeography and Nature Conservation, 
Department M.S.E., R.U.G., K. L. Ledeganckstraat 35, B - 9000 Gent (Belg ium). 

Abstract. A new species of Scaridi11111, S. e/ongatwn n. sp., is described from Broa reservoir, Sâo 
Paulo, Brazil. The species is probably a neotropical vicariant of the palaeotropical S. grande SEGERS, 

1995. 

Key words: Scaridium elonga/1.1111 n, sp., Scaridi idae, Brazil. 

INTRODUCTION 

In a recent paper revising the Scaridiidae Manfredi (SEGERS, 1995), it was noted that 

no neotropical Scaridium Ehrenberg, 1830 had so far been found, although such could be 
expected considering the biogeography of the known representatives of the genus, and the 
generally high level of endemicity in the South American rotifer fauna. Therefore, it came 
as no surprise to fi nd an undescribed Scaridium species in a sample from an otherwise 
well-investigated reservoir near Sào Paulo. A more elaborate report on the rotifer fa tma of 
this locali ty by SEGERS & D UMONT ( l 995) was based on samples co llected during August 
1994. The new Scaridium occurred in adcli tional samples collected during Decernber 1994 
and January 1996, and was a lso fo und in a sample from M inas Gerais, Brazil. 

MATERIAL AND METHODS 

Samp les were collected using a standard zooplankton net (mesh width 50µ 111), and 

fixed in forrna lin. Animais were selected under a Wild MlO dissecting microscope, and 
examined with an Olympus CH2 microscope equipped with a camera lucida. Scarnii.ng 
electron microscopy was performed witb a JEOL-JSM 840 microscope, on trophi isolated 
and treated fo llowing a metbod after SEGERS ( 1993). The samples frorn Minas Gerais 
(Brazil) were collected by M .B. Dabés. 
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RESULTS 

One of the samples collected during December 1994 contained, amongst other species 
(see Table 1), several specimens of a hitherto undescribed rotifer. lts description is as fol
lows. 

TABLE 1 

Rotijèra (Monogononta) accompanying Scaridium elongatum n. sp. 

Collotheca orna/a (Ehrenberg, 1832) f. natans Tschugunoff, 1921 
Dicranophorus epicharis Harring & Myers, 1928 
D. prionacis Harring & Myers, 1928 

Euchlan.is dilata/a Ehrenberg, 1832 

Euchlanis trique/ra Ehrenberg, 1838 
Filin.ia novaezealandiae Shiel & Sanoamuang, 1933 
Lecane bulla (Gosse, 1851) 
L. leontina (Turner, 1892) 
L. lunaris (Ehrenberg, 1832) 
L. mon.ostyla (Daday, 1897) 
L. quadridentata (Ehrenberg, 1832) 
L. signifera (Jetmings, 1896) 
Lepadella patella (O.F. Müller, 1786) 
Monommata macula/a Myers, 1930 

Mytilin.a ventralis (Ehrenberg, 1832) f. nwcracantha (Gosse, 1886) 
Polyarthra sp. near vulgaris Carlin, 1943 
Ptygura libera Myers, 1934 
Scaridium elongatum n. sp. 
Testudin.ella ohlei Koste, 1972 
Tetrasiphon hydrocora Ehrenberg, 1840 
Trichocerca capucin.a (Wierzejski & Zacharias, 1893) 

Scarülium elongatum n. sp. 

Material 

Two parthenogenetic females (holotype and pa.ratype) deposited in the Royal Belgian 
Jnstitute forNatural Sciences (K.B.I.N., reg. nr. IG 28274 RlR 61 , 62: paratype), Brussels, 
Belgium; One partbenogenetic female and one ligbt microscopy tropbi preparation in the 
' Instituto Nacional de Pesguisas da Amazônia (l.N.P.A., reg. INPA ROT-0550a-b), 
Manaus, Amazonas, Brazil; one partbenogenetic female, one light microscopy trophi pre
paration and one S.E.M. trophi preparation in the Laboratory for Animal Ecology, 
University of Gent, Belgium. In total , 12 specirnens were found in a sample frorn 
J 4 December 1994, and one in a sample collected on 20 January 1996, both from Broa 
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reservoir, Itirapira, Sào Paulo, Brazil. One female specimen in a sample from Gameleira 
river (Afl. Rio Grande), Uberaba, Minas Gerais, Brazil (leg. M.B. Dabés). 

Diagnosis 

Scaridium elongatum n. sp. is a close relative of S. grande' Segers, 1995, by its gene
rally similar trophi shape. The species differs mostly by its rounded allulae, different from 
the prominent hook-shaped allulae of S. grande. There are several additional differences 
in trophi structure (slightly larger ramus teeth, more slender unci teeth, different epipha
rynx) (Figs 1-5). Also, the species is noticeably smaller than S. grande (Fig. 6), and has a 
relatively longer toe and thi.rd foot pseudosegment (Fig. 7). 

Following the key by SEGERS (1995) and NOGRADY et al. ( 1995), the species keys out 
to S. longicaudum (O.F. Müller, 1786) and S. bostjani Daems & Dumont, 1974. S. elon
gatum n. sp. differs from these by its smaller allulae, more slender unciteeth, larger manu
bria and overall size, and by its relatively elongate toe and third foot pseudosegment. 

Description 

Animal large, second foot pseudosegment and toes relatively long. Head large, trunk 
with distinct fold antero-ventrally. Ventral pair of head lobes with minute notch. Fu\cmm 
with low midventral crest, basal plate well-developed. Rami teeth relatively small , acute
ly pointed, triangular. Allulae small , rounded in lateral view. Basal part of unci triangular. 
Unci teeth large, elongate, slender, accessory teeth indistinct or absent. Manubrium relati
vely wide and transversally divided proximally. Ventral margin convex. Ventroposterior 
projection large, triangular. Anterior lamella well developed, posterior lamella large, 
weak. Terminal rod-shaped part elongate, connected with posterior lamella. Epipharynx 
teeth elongate, especially the posterior group. Male, and parthenogenetic and resting eggs 
unknown. 

Dimensions (see Table 2, F igs 6, 7): Total length 402-446 ~lm , body ll9-144 µm , 
second foot pseudosegment length 31-47 ~lm , third foot pseudosegment length 95-108 ~un , 

toe length 155-168 ~lm. Fulcrurn length 36-38 ~lm. 

Etymology 

The species name elongatum is a Latin adj ective, and refers to the elongate foot and 
toe shape in thi s spec ies and, in fact, of ail Scaridium species . 

'Emendation of Scaridium. grandis : incorrect Latin termi nation of the adjectiva l species name, in dis
agreernent with the gender of the genus name (see lCZN 3 1 (b ), ( c)( ii)). 
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Fig. 6. - A compari son of the total length of ail Scaridium spec ies (after SEGERS, 1995; rnodifi ed) 
Fig. 7- Relative length of the third foot pseudosegment versus relative length of the toe in Scaridium 
species (after SEGERS, l 995; modified). 

Figs 1-5. - Scaridium elongatum n. sp. - 1, 4. tropb i, lateral view - 2. epipha1ynx - 4. habitus, later
al view - 5. ui1cus - 4, 5. S.E.M. photographs. (Sca le bars: 1, 2: 25~tm - 3: 50~un - 4: 1 O~tm ; 

5: 5~un). 
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TABLE 2 

Measurements on Scaridium elongatum n. sp. (in ft1n) 

Specimen 1 2 3 4 5 6 7 8 9 10 li 12 mean::J=S.D 

- Total length 407 405 412 410 415 405 402 446 420 415 418 428 415±12.17 
- Body lengtb 126 129 129 134 122 119 129 144 121 129 124 142 132±9.59 
- first foot pseudo 

segment 1. 36 39 36 41 34 36 44 46 44 36 31 36 38±4.81 
- second foot 

pseudosegment 1. 103 108 106 96 101 106 101 106 106 106 103 108 104±3.70 
-Toe length 157 168 157 160 162 160 157 162 156 160 168 155 106±4.20 
- Toe 1./total 1. (%) 38.6 41.4 38.1 39.1 39.0 39.5 39.1 36.3 37.1 38.5 40.2 36.2 38.6± 1.52 
- 3,d pseudos.!./ u 

tot. 1. (%) 25.3 26.7 25.6 23.3 24.2 26.1 25.0 23.6 25.1 25.4 24.7 25.3 25.0±0.97 

Biogeography and ecology 

As aforementioned, Scaridium elongatum n. sp. resembles, and is probably most clo
sely related to Scaridium grande, of ail its congeners. Whereas the latter species appears 
to have a palaeotropical distribution, the former is neotropical , as it is being described 
from Brazil. The Brazilian fatma now contains four representatives, S. elongatum n. sp., 
S. bostjani (see SEGERS, 1995), S. elegans Segers & De Meester, 1994 (three specirnens in 
a sample from the Rio Paraguai, Pantanal region, leg. A.L. de Oliveira-Neto), and S. lon

gicaudum (one specimen in a marginal lagoon of Sao Francisco river, Januaria, Minas 

Gerais, 28 Februari 1995, leg. M.B. Dabés). 

The sample containing the majority of the specimens of Scaridium elongatum n. sp. 
was from a littoral habitat. Apart of the new species, 20 additional monogonont Rotifera 
could be identified from that sample (see Table l ), which is a relatively low number. As 

the majority of the Rotifera accompanying the new species, and ail otber Scaridium spe
cies are littoral, it can be assumed tbat also S. elongatum n. sp. li ves in tbis type of habi
tat. Remarkable are Testudinella ohlei Koste, 1972 a neotropical species, an unidentifiable 
Polyarthra sp. (near P vulgaris Carlin, 1943), and Filinia novaezealandiae Shiel & 
Sanoamuang, 1993. The latter record is the first of this species · from the New World 

(SEG ERS et al., in press). 

The discovery of a new Scaridium species in the neotropical region is particularly 
noteworthy, as it was bypothesised that such a South Ameri.can Scaridiwn exists (SEGERS, 
1995), an assumption derived from the contemporary knowledge on the biogeography of 
the taxon. This case therefore illustrates that our knowledge in this fi e ld bas reacbed a 
point wbere predictions on the distribution and diversity of certain rotifer taxa, at the least 

at the level of large-scale, regional biogeography, become possible. As such, it is an exa

mple of the predictive potential of biogeography. 
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IDENTIFICATION 
OF CATECHOLAMINERGIC CELL GROUPS 

IN THE BRAINSTEM OF THE CAN ARY, ZEBRA FINCH, 
WHITE-THROATED SPARROW AND BUDGERIGAR 

BY TYROSINE HYDROXYLASE IMMUNOCYTOCHEMISTRY 

JA CQUES BALTHAZART (')AND GREGORY F. BALL (') 

(') Laboratory of Biochemisl1y, Uni vers ity of Li ège, 17 place Delcour, B-4020 Li ège, Belgium 

(') Department of Psychology, Behaviora l Neuroendocrinology Group, The Johns Hopkins 

Uni versity, Baltimore, MD 2 12 18,USA 

Summary. ln Passeriformes and Psittac ifo rmes, the learning and producti on of complex learned 

voca lizations is controlled by a network of te lencephalic, diencephali c and mesencephali c nue lei, the 

so-called song-control sys tem. Speciali zed telencepha li c song control nuclei such as the high vocal 

center, nucleus robustus archi striatalis and area X in the basa l gang lia rece ive dense and discrete ca te

cho laminergic inputs. Catecholaminergic fib ers also innervate the te lencephalon of other birds and 

other vertebrate spec ies but there appear to be unique specializa tions of the catecholaminergic inputs 

in songbirds. In thi s paper the di stribution of tyrosine hydroxy lase-immunoreactive cell groups in the 

brainstem is described in 4 avian spec ies that are known to be vocal learners. The goal of this work 

is to identi fy whether nove! cell groups are present in tbe brainstem that may give ri se to the specia

lizecl catecholam inerg ic proj ections in the telencephalon ofthese voca l leamers. These brainstem cell 

groups are known to be the sou.rce of most te lencepha lic catecho laminergic input in birds and other 

vertebrates. Three songb ird species, the zebra finch , the canaiy and the white-throatecl sparrow and 

one psittac ifo rm, the budgeri gar were analyzed. lmmunocytochemica l ana lys is iclentifiecl in the 

brainstem of the 4 species the sa me gro ups of tyros ine hydroxy lase- irnmunoreactive ce ll s t.hat were 

prev iously clescri bed in the brai n of other non-song birds. These were locatecl i.n the area ventra lis of 

Tsa i (A 10), around the substantia ni gra (A9) and its caudal extension (retrnrubera l fie ld, A8), and in 

the nuc leus cerul eus and subcerul eus (A6). No add itional cell graup could be cletected in these spe

cies by compari son with the other species of non oscines studied previously. Tbi suggests that both 

in song birds and in buclgerigars spec ialized innervations by catecho lami ncrgic neurone of the telen

cephalic song contrai nuclei are not associated witb the evo lution of nave l catecho laminergic cell 

graups in the brainstem as compared to those that are present in spec ies that do not di sp lay these spe

ciali zations. 

Key words: Song system, sang contrai nuclei, sang birds, oscines, chemi ca l neLffoanatomy, dopa

mine, noradrenaline. 
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INTRODUCTION 

The catecholamines dopamine (DA), norepinephrine (NE) and epinephrine (E) are 
k.nown to play a crucial role in the control of various brain functions related to reproduc
tion such as the synthesis and release of gonadotrophin releasing hormone (GnRH) and the 
activation of male and female sexual behavior (CROWLEY & Z EMLAN, 1981; CROWLEY et 
al., 1989; MEY ERSON et al. , 1979; MEYERSON et al., 1985; BITRAN & H UL L, 1987 ; BARCLAY 
& CHENG, 1992). The activity of catecholamiuergic neurons is itself modulated by steroids 
so tbat changes in DA and NE turnover rate are often bypothesized to be a part of the cas
cade of biochemical events that are triggered by steroids in the brain and are responsible 
for the physiological and behavioral effects of these steroids (MEISEL & SACHS, 1994; 
PFAFF et al., 1994). Alternative explanations have however been suggested {BALTHAZART & 
BALL, 1992). 

In birds, specific vocalizations are associated with reproductiof1 and activated by ste
roids (NonEBOHM 1975). Three avian orders, the Passeriformes (songbirds) , 
Psittaciformes (parrots, budgerigars) and Trochiliformes (hummingb irds) bave indepen
dently evolved the ability to learn and produce complex voca lizations. These vocalizations 
are learned, either during an early age or throughout the entire life of the bird . In two of 
these orders (Passeriformes, Psittaciformes), it has been demonstrated that the learning 
and production of these vocalizations is controlled by a complex network of telencepba
lic , di encepha lic and mesencepha li c nuc le i, the so-ca ll ed song-contro l system 
(NOTTEBOHM, l 980; KüN ISH i, 1985; STRJEDTER, 1994; BRAUTH et al., 1994; BALL, 1994). 

In songbirds, several lines of ev idence indicate that the spec ia lized telencepbalic song 
control nuclei such as HVC (High voca l center, fo rmerly Hyperst:riahm1 ventra l pars cau
dale), RA (nucleus robush1s arcbistTiatalis), the latera l part of the rnagnocellular nucleus 
of the anterior neostTiah1m (IMAN), and area X of the paro lfactory lobe receive dense 
catecholaminergic inputs. For example, fibers immunoreactive for tyrosine bydroxy lase 
have been described in HVC, RA, IMAN and area X of zebra finches (BOTTJ ER, 1993; 
SOHA et al. , 1995), and higb densities of noradrenerg ic receptors of the o.2 and f3 l/f32 sub
types (HVC, RA and area X) (BALL et al. , 1994; BALL, 1994) or of dopaminergic D 1 recep
tors (Area X) (CASTO & BALL, l 994a) have been described in severa l song birds species. 
High concentrations of NE and DA have also been measured in the song control nuclei of 
zebra finches and the baseline leve ls and/or turnover rates of these amines appears to be 
modulated by steroids and during development (fü\RCL Y & HARDING, 1988, 1990; 
HARDING et al. , 1995). NE also appears to play arole in the contro·l of vocal behav ior of 
zebra finches (BARCLAY et al. , 1992). 

Less information is available for Ps ittac iformes , anotber av ian order of voca l lea rners, 
but it is already c lear at present that species such as the budgerigar po sess telencepbalic 
spec ia li zations that are ana logous (and probab ly not homologous) to the HVC and RA of 
song birds (STR.IEDTER, 1994; BRAUTll et al. ,1994; BALL 1994) and at least one ofthese 
nuc le i, the rnagnocellular nucl eus of the parolfactory lobe (LPOm) a lso receives a dense 
catecho laminergic input as indicated by the presence of higb densities ofrec ptors (B LL, 
1994). 
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NE or DA-containing fibres also innervate the telencephalon of other birds and other -
species of vertebrates but the highly specific, dense catecholaminergic inputs received by 
HVC and RA appear to be unique to songbirds. This tberefore raises the question of the 
origin of these projections. One obvious hypothesis is that these dense neuroanatomically 
discrete inputs originate from the same catecholaminergic brain areas that have been 
described in other vertebrate species including birds (REINER et al., 1994). Alternatively, 
specific cell groups may have evolved in vocal learners in order to support this speciali
zed innervation of the telencephalon. In the brain, the catecholamines, NE and E are syn
thesized solely in the brainstem of ail vertebrate species including birds (REINER et 
al. , 1994). DA is primarily syntbesized in the brainstem, however, cells synthesizing DA 
have also been identified in the diencephalon (REINER et al., l 994). The available data do 
not suggest that nove) cell groups are present in the brainstem of songbirds and psittaci
forms. One study by Bottjer described the distribution of tyrosine hydroxylase (TH) 
inununoreactive cells in the zebra finch brain (BOTTJER, 1993). This study did not appear 
to identify catecholaminergic cells groups that would be specific to song birds but the 
generality of this finding should be tested in other members of the oscine family. ln addi
tion, because similar telencephalic specializations have independently evolved in psittaci
forms and because some of these nuclei also receive dense catecholaminergic inputs, it is 
also appropriate to ask whetber the brainstem catecbolamü1ergic nuclei in these species 
also follow tl~e conm1on vertebrate pattern. Previous work utilizing histofluoresence 
methods to describe the distribution of catecholamines in a psittaciform species, the bud
gerigar (Melopsittacus undulatus) does not suggest that novel catecholaminergic cell 
groups are present in this species (TAKATSU KI et al., l 981; SHIOSAKA et al., l 981; TOHYAMA 
et al. , 1974). A single study utilized imrnunocytochernical rnethods for the localization of 
TH and other enzymatic markers of monoamines but this study focussed on monoaminer
gic cells that eitber contain or do not contain i1rununoreactive L-amino acid decarboxyla
se and did not provide an overview of cells containing catecholamines in the budgerigar 
brain (SAKAI et al., 1992). 

It is difficult to make accurate inter-specific comparisons based on studies utiliz ing 
different methods and carried out in different laboratories. Therefore, in the present study 
questions concerning the presence of catecbolaminergic cell groups are addressed consis
tently in 3 species of songbil·ds and one psittaciform, the budgerigar. Tbese studies focus 
on the brainstem, the site of noradrenergic and ad.renergic syntbesis and of the greater part 
of doparninergic syntbesis (REINER et al., 1994). 

MATERJAL AND METHODS 

Subjects and fixation 

The imrnunocytocbemical experiments described here were carried out on tbree spe
cies of song birds, namely canaries (Serinus canaria Li.tmé, 1758; n=6), zebra fmcbes 
(Taeniopygia guttata Vieillot, 1817; 11=8), white-throated sparrow (Zonotrichia albicollis 
Gmelin, 1789; n= 1) and on another species of vocal learning bird tbat does not belong to 
the passerine order, the budgerigar (Melopsittacus undulatus Shaw, J 805; n=2). Subjects 
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were obtained from a breeding colony established at the University of Liège (Zebra fin
ches) or were bought from local breeders in Liège (canaries, budgerigars). The white-thro
ated sparrow was caught in the wild in North Carolina, kindly provided by Dr. Stephen 
Nowicki, Duke University. In the laboratory, ail birds were maintained under a photope
riod simulating long days (16 hours of light, 8 hours of dark per day) with food and water 
available at libitum. Ali subjects were male and sexually mature as evidenced by the pre
sence of full y developed testes. 

Birds were deeply anesthetized with Hypnodil (Janssen Pharmaceutica, Beerse, 
Belgium, 50 mg/kg body weight) and intravenously injected with 50- l OO ~LI of heparin 
solution (Sigma H-7005, 20 mg/ml or 3340 units/ml). They were then perfused through 
the heart with a saline solution (9 g/1; 0.15 M NaCI) until the return blood in the atrium 
was clear, followed by 100-300 ml of fixative (paraformaldehyde 4% and O.l % glutar
aldehyde in 0.15 M phosphate buffer, pH 7.2). Brains were inunediately dissected out of 
the skull, post-fixed one hour in the fixative solution without glutarnldehyde and placed 
overnight in a 20% sucrose solution in O. l M phosphate buffer-saline, pH 7.2. Brains were 
then frozen on powdered dry ice and stored in a freezer at -75° C until used_ This same 
procedure was used for ail species except for the white-tlu-oated sparrow which was anes
thetized with chloral hydrate and perfused with a fixative containing 4% parafonnaldehy
de without any glutaraldehyde. 

Brains were eut with a c1yostat in the coronal plane at 30 ~Lm thickness starting at the 
rostral end. The plane of section was adjusted to match as closely as possible the atlas of 
the canaty brain (STOKES et al. , 1974). Sections used in this study were collected through 
the mesencephalon from the level of the occulomotor nerves to the level of the nucleus 
vestibularis. Eve1y fifth section at least (one section every 150 µm or more) was stained 
by imrnunocytochemistry for tyrosine hydroxylase. 

Tyrosine Hydroxylase Immunocytochemistry 

The distribution of tyrosine hydroxylase (TH) irnrnunoreactive (ir) cells was visuali
zed in free floating sections by a standard indirect irnmunocytochemical procedure using 
peroxidase as reporter enzyme and diaminobenzidine as the chromogen. This method has 
been fully described and validated previously (BAJLl-IACl-JE & BALTl-JAZART, 1993). Briefly, 
after two rinses in phosphate buffer 0.01 M-saline (PBS), sections were treated for l 5 min 
with 0_6% I:-120 2 in methanol to block endogenous peroxidase, riD ed in PBS aDd p laced 
overnight at 4° C in the primaiy TH antiserum (mouse anti-TH, lncstar cat.Nbr.22941, 
di lution 1/1000 in PBS coDtaining 0.1 % Triton X-100). This antibody was raised against 
TH purified from rat PC12 cells and recogniz e.s an epitope in the mid-po1t ion of the TH 
molecule tbat has been well conserved through evolution so that cross-reactivity is obser
ved over a wide range of species_ This antibody does not cross-reaet witb dopamine ~
hydroxylase, phenylethanolamine-N-methyltransferase, phenylalanine hydroxylase or 
tty ptophan hydroxylase (Incstar specification sheets) . We have also shown that this anti
body exclusively recognizes in the quai! brain cell groups that are known to be catechola
minergic and that omission of the primaty antibody eliminates a il immunocytochemical 
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staining (BAJLHACHE & BALTI-IAZART, 1993). Its specificity for the TH molecule is there
fore finnly established. 

Sections were then rinsed in PBS and incubated with a goat anti-mouse peroxidase
conjugated antibody (peroxidase-conjugated afiïnity-isolated goat imrnunoglobulins to 
mouse immunoglobulins, DA.KO P-447) at a dilution of 1/200 for one hour. The peroxi
dase was finally revealed by placing the sections for 6 mjn in a solution of diamü10ben
zidine (DAB; 20 mg in 50 ml PBS containing 0.1 % Triton X-100 and 20 µlof H20 2 at 

30%). Sections were then mounted on mjcroscope slides and coverslipped. 

RESULTS 

Dense groups ofTH-ir perikarya were observed throughout the rostral to caudal exteut 
of the brainstem in the three song birds species that were considered (see Fig. J for the 
zebra finch and white-throated sparrow, Fig. 2 for cana1y). They are described below as 
they appear in a rostral to caudal order. 

First a numerous group of TH-ir cells bodies is present in the area ventralis of Tsai 
(AVT), just lateral to the roots of the third nerve, which indicate the transition from tbe 
hypothalamus to the mesencephalon (Fig. lA-B). This cell group was visible in several 
consecutive sections taken along the rostral to caudal extent of the mesencephalon. It is 
systematically accompanied by a smaller number of TH-ir cells that are located medially 
to the third nerves just dorsal to the nucleus interpeduncularis. 

At its most caudal Level , the AVT group ofTH-ir perikarya progressively expands in a 
dorso-lateral direction (Fig. 2A-B) and invades a ve1y wide area at the Level of the sub
stantia nigra (SN). The AVT group ofTH-ir cells then disappears as the new group reacbes 
its maximal extent (Figs lC-D, 2C). The SN contai ns by fa r the largest nurnber ofTH-ir 
cells in the brains of the 3 species considered here and the density of these ce lls is so rugh 
that they eau barely be discriminated in 30 µm-thjck sections (F igs lE-F, 2B). At even 
more caudal leve ls, the SN group of TH-ir cell s progress ively thins out leaviug only a 
small group of positive cells in a more dorsal position that presurnably corresponds to the 
rnarnrnalian AS group (retrorubera l) . 

This cell group di sappears at the mesencephalic-metèncephalic junction and a compact 
but smaller and less dense group of TH positive cells appears in a dorso-latera l position at 
the ventro-lateral corner of the aqueduct (Figs l H, 2D) at the level of the locus ceruleus. 
At its ros tral end, thi s group of TH-i.r cell s is less dense and does not fonn such a clearly 
recognizabl e cell group . These TH-ir cells located just lateral to the fascicu lus longitudi
nalis med.ialis are, however, usually considered as the rostral end of the locus ceruleus 
(F ig. lG) . 

At simjlar levels in the rostral to caudal ax is, a scattered pop1ùation of TH-ir positive 
perikarya is also present in a more ventral and lateral position. These TH-ir cell s are dis
tributed over a wide area and do not appea.i· to be specifically associated with any specific 
ce ll group as identi.fi ed in class ica l hjstology stains although they clearly overlap with the 
dorsal and ventra l parts of the nucleus subceruleus. 
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Fig . 2. - Photomicrographs illustrnting the di stribution of TH-ir cells in the midbrain of the canaiy 
A: Group of TH-ir ce lls located .at the cauda l end of the area ventra lis of Tsai where it expands in a 
dorsolateral direction to 111erge with the substantia nigra. B: Higher magnification of the sa111e area . 
C : Group of TH-ir cells in the substantia ni gra. D: TH-ir ce lls located at the level of the locus ceru
leus. Maguification bar = t 111111 in A, C, D and 200 ~un in B. AVT= area veu trali s ofTsa i, LoC= locus 
cerul eus, Nfll = nervus ocul o111otorius (third nerve), SN= substanti a ni gra . 

The caudal end of the pans is then essenti all y devoid ofany TH-pos iti ve perikarya but 
srna ll add itiona l populations of irnmunoreactive cell s are located in the meduUa oblonga
ta dming a fair ly long rostra l to cauda l extension of its more rostral part. Two subgroups 
of positive cell s are recogni zable at this level. O ne is located in dorsomedial pos ition at 
the level of the nuc leus tractus so litarii white the other is more ventra l and is centered 
around the complex of the nucleus reticu laris. 

A similar distrib ution ofTH-ir cells was observed_in the midbrain of budgerigars (F ig. 
3) . The most rostra l group of positive cells occurs at the level of the occulomotor nerves 
and is clearly identified as the AVT (F ig. 3A-B). lt is fo llowed at more caudal levels by 
the very abundant popu lation of TH-ir cells corresponding to the SN (Fig. 3C-D) . 

F ig . 1. - Photo111icrographs illustrating the distr ibution of TH- ir cell s in the midbrain of the Zebra 
fin ch (left; A, C, E, G) and of the white- tluoated sparrow (right; B , D, F, H). The top panel il lustra
te the TH- ir ce ll s located in the area ventra lis of Tsa i (A , B) and in the substantia nigra at low (C, D) 
and hi gh (E; F) magnification. The two bottorn pane ls illustra te the TH-ir ce lls located in the locu 
ceru leus at its rostra l end at the level of the fa ciculus long itudinali mediali (G) or more cauda lly 
when T H-i r ce ll s fo rm a dense cluster that out lines the locus ceruleus (H). Magn.ification bai· = 1 111111 

in A, C, D, Gand 200 µ111 in B, E, F, H. AVT= area ventra li s ofTsa i, FLM= fa ciculu longitudina
lis medi ali s, LoC= locus ceruleus, N lll= nervu ocu lomotorius (thi.rd nerve), SN= sub tantia nigra . 
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Scattered TH-ir cells then appear at a slightly more caudal level in dorsal position, just 
·, lateral to the fasciculus longitudinalis medialis. At more caudal levels, the dorsal part of 

' this cluster becomes very dense and clearly identifies the locus ceruleus located at the 
. ventrolateral edges of the aqueduct as can be observed in sections stained by classical his

tology techniques (Fig. 3E-F). 
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Fig. 3. - Photomicrograph s illustrating the di stribution ofTH-ir cells in the midbrain of the budgeri
ga r. T he sain e areas are shown at low and high magnification in the left and ri ght columns respecti
ve ly. Panels are arranged in a rostral to caudal order from the top to the bottom. A-B: TH- ir cells at 
the level of the area ventrali s of Tsa i. C-D: TH-ir cells at the maximal ex tension of the snbstantia 
nigra. E-F: dense group TH-ir cell s outlining the locus ceruleus. A few inununoreactive cells are also 
visibl e in a ventro latera l pos ition. These ce ll s belong to the subceruleus ce ll. group. The magnjfica
tion bar in the left column (panels A, C, and E)= 1 mm; magnification bar i.J1 th e right colunrn (panels 
in B , D, and F)= 200 µm. AVT= area ventra lis of Tsa i, FLM= fasc iculus longitudinalis medi alis, 
LoC= locus cerul eus, NHI= nervus oculomotorius (third nerve), SN= substanti a. nigra. 
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DISCUSSION 

Anatomical findings and homologies 

The neurochemical studies described in tbe introduction demonstrate tbat the telen
cephalic nuclei of the song system receive a dense catecholaminergic innervation that is 
not visible in the co1Tesponding brain areas of other birds (non-song birds). To our know
ledge, the origin of these projections has not been investigated in detail. The presence of 
a connection between midbrain dopaminergic cells groups and the newly formed neurons 
of the dorsal telencephalon (in and around HVC) in the canary brain bas, however, been 
reported in abstract form (BURD et al., 1986). 

As a first step in trying to establish the origin of these catecholaminergic pathways 
innervating the song control nuclei , we analyzed here the TH-ir cells groups in the mesen
cephalon and the metencephalon of 3 species of songbirds and one non-oscine vocal lear
ner the budgerigar. We have identified in the brainstem of ail 4 species the same groups of 
TH-ir cells that were previously described in the brain of the quai! (BAILl-lACHE & 
BALTHAZART, 1993) and in other non-oscine species (RErNER et al., 1994). These cell 
groups had also been previously described in the brain of zebra finches (BOTTJER, 1993) 
and to some extent in budgerigars (TAKATSUKI et al., 1981 ; SHIOSAKA et al. , 1981; TOHYAMA 
et al., 1974). 

A leading group of TH-ir cells was located at the edges of the third nerve in the area 
ventralis of Tsai (AVT), the avian homologue of the ventral tegmental area of mammals 
and it can therefore be considered as the homologue of the A 10 dopaminergic cell group 
(REINER et al., 1994) as defined in the nomenclature of Dahlstrom and Fuxe (DAHLSTRôM 
& FuxE, 1964; B.1ôRKLUND & LINDVALL, 1984). lt extended in the dorso-lateral direction 
into the substantia nigra (SN), which can be considered as the avian homologue of the A9 
dopaminergic cell group (DALHSTRÔM & F UXE, 1964; B.iôRKL UND & LINDYALL, 1984; 
REINER et al., 1994) and more caudally into the retrorubera l field (AS). These cell groups 
have also been described in other avian species (BAJLHACHE & B ALTl-IAZART 1993 ; MOONS 
et al. , 1994; REfNER et al., 1994). 

The TH-ir cell group located at the mesencephalic-metencepha lic junction at the vent
ro-l atera l corner of the aqueduct is also found in other species in wl1ich it also reacts with 
antibodies directed aga inst dopamine fj-hydroxylase (quai!: BAILl-IACHE & BALTl-lAZART, 
1993; European starling, Sturnus vulgaris: BALL G .F. and B ERNARD D.J. , pers. comm.) . 
This indicates the noradrenergic nature of this ce ll group that can be considered as the 
homologue of the locus ceruleus (noradrenergic cell group nw11 ber A6: D AHLSTRôM & 
Fux E 1964; MOORE & CARD, 1984) even if,some avian brain atlases do not locate tbis 
nucleus iL1 this exact position (KUENZEL & M ASSON, 1988) or do not mention it at a il 
(BAYLÉ et al. , 1974). The more scattered TH-ir populations that overlap partly w ith the 
nucleus subceruleu s are also noraclrenerg ic in other av ian species (BAlLH ACHE & 
BALTl-I AZART, 1993 ; BALL G .F. and B ERNA RD D.J., per . com111.) and may be the homolo
gue of the mammalian A 7 group but thi conclusion can on ly be considered as tentative at 

present (REINER et al., 1994). 

No addi tional ce ll group cou ic! be detected in these species of vocal leam ers in com
parison with the other species of 11011-oscines that have a lready been stud ied . T hi s sugge-
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sts that both in oscines and in psittacifonns the specialized innervation of the telencepha
lic song control nuclei have developed from catecholaminergic cell groups that are alre
ady present in species that do not display these specializations. This suggestion can be 
made more strongly for noradrenergic and adrenergic projections, the two catecholamines 
that appear to be synthesized solely in the brainstem, than for dopaminergic projections 
(REfNER et al., 1994). Although, DA is primarily synthesized in the brainstem, cells syn
thesizing dopamine have also been identified in the diencephalon (RELNER et al., 1994; 
MoONS et al., 1994). Therefore, the neuroanatomical and neurochemical specializations of 
the telencephalic song control nuclei seem to in volve variations of projections from exis
ting catecholaminergic cell groups rather than the evolution of novel cell populations. This 
analysis does not preclude the possibility that a more detailed quantitative study within 
these midbrain cell groups would reveal inter-specific differences indicative of the neural 
specialization associated with vocal learning. This study, however, clearly shows that the 
neurochemically specialized song control nucleL that are characterized by the unique pre
sence of steroid receptors and of dense populations of catecholamine receptors (BALL, 
1990; 1994) are not associated with the presence ofnew catecholaminergic cell groups in 
the brainstern. 

Functional interpretations 

The functional significance of the noradrenergic and doparninergic inputs to the song 
control nuclei remains unclear at present. The steroidal activation of many reproductive 
behaviors is known to involve the modulation of noradrenergic transmission (NocK & 
FEDER, 1981; CROWL EY et al., 1989; ETGEN et al., 1992). In particular the density of U z -

adrenergic req:ptors has been shown to be modulated by steroids in brain areas important 
for the activation of reproductive behavior in mamrnals and in nuclei involved in the con
trol of vocalizations in non-songbird species such as the Japanese quail (JOHNSON et 
al. , 1988; BALL & BALTHAZA RT, 1990). Many of the song control nuclei are cbaracterized 
by high levels of norepinephrine and these are lmown to be modulated by steroids 
(BARCLAY & HARD ING 1990). It is therefore poss ible tbat the activation ofsong by steroids 
is also mediated by local changes in noradrenergic (and dopaminergic) transmission. Thi s 
notion is supported by one recent experiment showing that treatment of male zebra finches 
with the noradrenergic neurotoxi.n DSP4 significantly decreases male courtship song and 
the behavioral deficit is correlated with the depletion of norep inepllJine in some song con
trol nuclei such as RA (BARCLAY et al. , 1992). The behaviora l impairment appears to result 
from an attentional ratber than a rnotor deficit: latency to intitiate singing dming behav i
oral tests increases in drug-treated animai s but once behavior is ini tiated it is identica l to 
that produced by untreated controls. Tlii s correlates well with prev ious research that rela
tes norepineplu·ine to attention and în emory processes (M GAUG H, 1985 ; SARA, 1985). 

On the otber band, recent data indicate tbat the catecholaminergic ürnervation of the 
telencephalic song control nuclei, identified by TH inummocytochernistry (SOHA et 
al. , 1995) or by direct assay of the NE and DA content in mjcropunched nuclei (HARD ING 
et al. , 1995) or by quanti tative autoradiography of spec ific receptor ubtypes (C TO & 
BALL, l 994b ), progress ive ly develops during the füst two to three months post-hatch in 
male zebra finches, that is during the period when song is learned. This raises the poss i-

., 
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bility that tbe noradrenergic and/or dopaminergic neurotransmission could play a role in 
the development of the song system or in song learning. 

These studies suggest potential roles for catecholamines in the development and acti
vation of song but these now need to be established experimentally. ln particular, it is 
important to evaluate the morphological and behavioral consequences of electrolytic or 
neurochemical lesions aimed at the noradrenergic or dopaminergic cell groups that inner-

. vate the song control nuclei. The present study clearly suggests that, in songbirds and psit
taciforms as in other avian species, tbese should be located in the midbrain but the speci
fic connections sbould now be iJ1vestigated by retrograde tract tracing. Such studies would 
provide a sound basis for the les ion investigations and would also detennine whether there 
is any variation in the pattern of catecholaminergic innervation between the two types of 
vocal learners . Tracing studies would also be essential to ascertain definitely whether the 
focal innervation of the song control nuclei derives from the same catecholaminergic cell 
groups that innervate, in a less dense and non specific manner, the general brain areas 
where these specialized nuclei have developed. 
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The genus Cotesia Cameron, l891 (Hymenoptera, Braconidae) was redefined by 
MASON (1), and contains the species of the glomeratus-group as defined by N1xoN (2 , 3), 
forrnely a part of the huge genus Apanteles Foerster, 1862. Cotesia vestalis (HALIDAY, 
1834) appears to be the prioritary synonym of C. cynthiae (Nixon, 1974) (Van Achterberg, 
pers comm.). C. vestalis is only known from the Alps and Central Europe (Switzerland, 
Austria, Hungary and Bulgaria) (2, 3). C. vestalis , like many braconids, is an endoparasi
toid species, larvae developing in caterpillars. lts only k:nown host is the buttertly 
Hypodryas cynthia (Denis & Schiffermüller, l 775) (Lepidoptera, Nymphalidae) (2). ln 
this note we report on the first observation of C. vestalis in Belgium, on a previously mlk
nown host species, the bog fritillary, Proclossiana eunornia (Esper, 1799) and present 
some data on the effect of parasite larvae on their host. 

We co llected 112 las t-instar caterpillars of P eunomia frorn the Pisserotte peat bog (5 0° 13'N, 
5°48'E) from 26 May to 2 June 1995 . Tbese caterpill ars were reared nnder various conditions. 
Caterpillars were grown in indi vidual plastic bottl es . They were fed every two clays with fres h leaves 
of Polygonum bistorta, the only bost plant in the study area . Caterpillars were weighed at each fo od 
repl acement on a Sauter type MDT 160/0001 bal ance, 0.001 g precision. 

During rearing o:f P eunomia caterpillars, we recorded the presence of C. vestalis. Of 
the 1 l2, l03 caterpillars (92%) were pa.rasiti zed. The mean number of parasite cocoons per 
host caterpillar was 35.4 (SD= 16.3). Larvae withi n the same caterpillar le:ft fhe ir host syn
clu·onously. Caterp illar behav iom was strnngly affec ted by this event: in all om observa
tions, caterpill ars stood rnotionless duri.ng the emergence of parasite larvae (Fig. l , le:ft) . 
Larvae emerged along the whole body of the caterpillar and itru11ediately spu n iJ1dividual 
brigbt ye ll ow cocoons, fo1111j ng a muff arou nd the caterp illar. After larval emergence, 
caterp illars moved away from thi s structure (Fig. 1, right) . The caterp illars never resumed 
feed ing and in every case d ied a few days later 

The departure of parasite lruvae strongly decreased tbe weight of tbe caterpiHar by about 
50%: the mean weight loss was 11 9 mg (SD=48 mg, n=63). This loss rcmained constant what-
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ever the developmental conditions of the caterpillar. However, parasite laivae developmental time 
strongly depended on rearing conditions (F3,76=46.9; P=0.0001) and is positively related totem

perature in cont:rolled conditions (F1•23=23.6; P=0.0001) (Table 1). 

Fig. !. - Left: emergence of C. vestalis larvae from the body of P eunomia caterpillar. ( 1 cm = 

0.25 Lm) - Right: P eunomia caterpillar escaping from the muff fo rmed by C. veslalis cocoons. 
( 1 cm = 0.3 Lm). 

TABLE 1 

Mean du ration of the c/evelopmenl of P. eunomia calerpillars before e111ergence 
of the parasite larvae at c/iffere11t tempera/ure conditions 

(tim.e between the collection in the field and the emergence of parasite larvae) 
Ou/sicle= al the back door of the laboralo1y , n = nu111ber of cate1pillars. 

Tempera/ure conditions 11 du ration 
('C± SD) (c/ays ± SD) 

----
controlled A 23.5 ± 1.8 Il 5.9 ± 1.8 
controlled B 28.8 ± 1.4 14 3.0 ± 1.2 
room 15.7 ± 1.8 5 6.6 ± 4.3 
outs ide 16. 1 ± 5.2 50 17.7 ± 5.8 

Parasitism affected the developmental time of the hast: 4 of the 5 healthy caterpi llars 
pupated before the fast emergence of the parasite larvae in the same temperature condi
tions. The 5 uninfected caterpi llars pupated successfu lly ( 1 in controlled conditions Band 



t 

COTES/A VESTA LIS A SPECIES NEW FOR THE BELGIAN FAVNA 81 

4 outside). The 4 remaining larvae died without being dissected and were probably para
sitized which can raise the parasitism rate up to 95%. 

The distribution of C. vestalis shows a high disjunction between the Belgian and alpi
ne/medio-European populations. This pattern results probably more from a lack of data 

. than from a true biogeographical process. On the other hand, the host species Proclossiana 
eunomia has a boreo-montane distribution, white Hypodryas cynthia is an alpine species, 
but both host species occur in Bulgaria ( 4 ). 
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Maas, Isabelle Convié and Olivier Raspé for the contribution to the collection of P eunomia larvae 
and l. Convié, D. Maas and Gabriel Nève for their help during the rearings. We are grateful to Dr P. 
Dessart of the Institut Royal des Sciences Naturelles de Belgique and to Dr J. Papp of the Hungarian 
Natmal I-listory Museum for the identification of C. vestalis. 
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