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ABSTRACT: Niche breadths and community matrices were examined for two guilds (benthic and epibenthic) on the western 
Meditemanean slope. There are a larger number of special~st species in the benthic than in the epibenthic guild. Selachians have 
broader niches than other species. Most species pairs with significant overlaps present high values in only a few size groups. 
some of them also showing seasonal or die1 patterns of resource partitioning. Analysis of covariance for each niche dimension 
shows that species are more closely packed with respect to depth distribution than to food. Covariance values of community 
matrices for each guild indicate that competition is more likely in the benthic than in the epibenthic guild. 

INTRODUCTION 

Studies on resource partitioning and the structure of 
fish communities are currently enjoying great popular- 
ity (see reviews by Schoener, 1974 and Helfman, 1978). 
Moreover, recent publications of research in this area 
have examined the role of resource overlap in the 
structure and organization of such communities (e. g. 
Vandermeer, 1972; Cody, 1974; Culver, 1974; Hes- 
penheide, 1975). 

The present paper examines the use of different 
resources and the patterns of interaction between 
species and their size groups in different dimensions of 
the Hutchinsonian niche in a western Mediterranean 
fish community. 

Analysis of interaction among coexisting species, 
using a niche overlap index, is useful in revealing the 
importance of different niche parameters in commun- 
ity organization and how these niche dimensions are 
used by fishes to reduce competition and allow species 
to coexist. 

MATERIALS AND METHODS 

A total of 17,803 stomachs of 26 benthic and epiben- 
thic species (Table 1) were collected between Sep- 
tember 1976 and September 1978. The survey covered 
the western Mediterranean slope (200-800 m) from 
Alicante (38 "00' N) to Cape Creus (42 "13' N). Bottom 
trawls were used in order to restrict sampling effec- 

tively to species living directly on or near the bottom. 
Diets were determined by stomach-content analysis. 

The prey organisms found in each stomach were iden- 
tified to species or genus level wherever possible, and 
the body weight of each organism was determined. 
The composition of the diet was obtained as the per- 
centages of the total weight of stomach contents. Fre- 
quency of occurrence (in percent) was analyzed for 3 
categories of bottom depth (200400 m, 400-600 m, 
and 600-800 m). 

Parallel to the present study, a series of food-availa- 
bility surveys were conducted in the same area. The 
results of these surveys indicated that the availability 
or frequency of prey items did not vary appreciably 
with bottom depth in the area under consideration. The 
analysis of the stomach contents of specimens taken at 
different bottom depths tended to corroborate these 
survey results. 

Diets and depth distribution were studied for the 
various size groups (10-cm increments) of the different 
species. Niche overlap and niche breadth were com- 
puted using the following formulas (MacArthur and 
Levins, 1967; Levins, 1968) : 

Niche breadth: B, = P,h 
[l:l I-' 
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Niche overlap: a,, = C P,, . Plh/ 2 Pih2; 
i = l i =  l 

a.. 1, = 2 pih . p,h/ 5 pjhZ 
i = l  i = l  
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where aj, = overlap of species j on species i; aij = 

overlap of species i on species j. Ph is the proportion of 
a particular food item h (h = 1, . . ., S) in the diet. 

An overlap of 0.7 or more is considered high. a,, and 
alj may differ if niche breadths are unequal. Because 
the number of categories was different for each aspect 
of the niche, niche breadths were normalized by divid- 
ing by n (n = number of categories), hence B = B&. 

RESULTS 

Prey Taxa and Prey Size 

220 prey categories and 33 prey sizes were found; 
however, prey organisms with P,, values of less than 
about 0.05 have relatively little effect on niche breadth 
and overlap, especially if the largest value of P, is 
greater than 0.5 (Hespenheide, 1975). Therefore, val- 
ues of less than 0.05 were discarded. 

As Root (1967) pointed out, fishes that exploit the 
same resources in similar fashion may be thought of as 
forming a guild. Fish species have been divided into 

two guilds according to their diets and feeding 
behaviour. The benthic species guild (marked 'B' in 
Tables 1 and 2) is composed of species that feed largely 
on benthic organisms (e. g. polychaetes, ophiuroids, 
Macrura Reptantia, Brachiura, benthic crustaceans), 
some of which live buried in the bottom (e. g. Calocaris 
macandreae, Alphe us gla ber, Lesueurigobius friesii). 
However, some species (e. g. Conger conger and 
Lophius budegasa) also feed on epibenthic prey items, 
though, these are probably captured when they are 
near the bottom (Macpherson, 1977). The regular pre- 
sence of such prey in the stomach contents examined 
and some characteristic morphological adaptations (e. 
g. barbels and long rostra used as sensory probes) 
imply a close relationship between these species and 
the bottom (Macpherson, 1977, 1979 and papers cited 
therein). 

On the other hand, species marked 'E' in Table 1 
(epibenthic guild) feed heavily on epibenthic and 
pelagic prey items found near the bottom (e.g. 
euphausiids, pelagic decapods, myctophids) and seem 
to live higher up in the water column (all references to 
'heights' should be understood in the context of 
benthic and epibenthic depth zones). A few species 

Table 1. (A) Number of stomachs examined. (B) relative abundance of species number of specimens by hour of trawl. ( C )  
percentage of different size groups. Species marked E are considered epibenthic; species marked B, benthic (see text) 

Species (A) (B) (C) 

50 50- 100- 200 5-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 
100 200 + 

E Gadiculus argenteus argenteus 1434 X 83.2 16.8 
E Micrornesistius poutassou 1761 X 54.4 44.2 1.4 
E Merluccius merluccius 664 X 24.8 51.5 12.4 11.3 
E Molva dypterigia macrophthalma 355 X 37.3 56.6 6.1 
E Hymenocephalus italicus 323 X 100.0 
E Etmopterns spinax 353 X 64.9 27.0 8.1 
E Galeus melastomus 1559 X 51.6 35.8 7.5 3.0 2.1 
E Scyliorhinus canicula 1009 X 36.5 28.6 14.9 20.0 
E Scyrnnorhinus licha 31 X 48.2 51.8 
E Lepidopus caudatus 145 X 5.1 19.8 9.9 52.4 12.8 
E Epigonus telescopus 311 X 70.3 29.7 
E Capros aper 1067 X 76.9 23.1 
B Coelorhynchus coelorhynchus 160 X 16.0 60.0 22.0 2.0 
B Nezumia aequalis 168 X 33.3 66.0 0.7 
B Trachyrhynchus trachyrhynchus 1670 X 51.7 45.1 3.2 
B Chimaera monstrosa 206 X 25.1 39.6 22.2 8.7 4.4 
B Gnathophis rnystax 218 X 9.8 48.0 42.0 
B Conger conger 242 X 7.3 22.6 40.9 17.7 6.0 5 5 
B Phycis blennoides 2251 X 5.4 72.6 21.3 0.7 
B Antonogadus megalokynodon 395 X 52.1 47.9 
B Lepidorhombus boscii 669 X 25.5 59 1 15.4 
B Simphurns nigrescens 1256 X 71.4 28.6 
B Lophius budegassa 337 X 40.5 47.4 10.1 2.0 
B Tngla lyra 230 X 15.4 79.5 5.1 
B Notacanthus bonapartei 181 X 100.0 
B Helicolenus dactylopterus 808 X 18.9 78.0 3.1 

dactylopterus 
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Table 2. Diet of different predators expressed as percentage of total weight in the stomachs 

Y) - * 
9 5 

Prrdarors d E n  Q 
, ?  n  2 5 .? W $ 5 ;  2 2 
. Z S  a b 0 2 c c : n  A 0 . C  A .F c 5 c E c - $ g : : *  g 3 % k ~ ~ n c  i m g e ~ ' $ $ $ ~ $ ~ s  ~ " z ; : ~ : "  : .g 

Preys s n ~ $ $ $ ~ $ R j a ~ ~ ~ ~ ~ ~ s z ~ $ d ~ P ~ ~  

Mollusca 
Sepiena owemana - - - -  - 11.1 11.1 6.5 - - - - - - - - - - - - - - - - - - 

Annelidd 
Aphrodilidde - - - - - - - - - - -  - 2 6 . 0 1 1 . 7 -  - - - - - - 1 3 0 -  - - - 
Eunicidae - - - - - - - - - - -  - 2 6 2  16.5 - - . - - - - 5.2 - - - - 

Ariciidae - - - - - - - - - - - - - - - - - - - -  - 11.4 - - - - 
Nephlhys sp. - - - - - - - - - - a - - - - - - - - - -  8.9 - - - - 
Polychaeta ~ndetem~nated - - - - - - - - - - - - -  4.7 - - - - - - - - - - - - 

Anhropoda 
Copepoda - - - -  9.0 - - - - 22.8 13.0 - - - - - - - - - - - - - - 

Gammaroidea - - - - 11.2 - - - - - - - 4.8 7.4 - - - - - - - - - - - - 

Phronirna sedenraria 
Boreomysis megalops - - -  - 2 0 2  - - - - - 1 1 6  - - - - - - - - - - - - - - - 

Pseudemma sp. 
MeganycOphdnes norvegica 32.428.5 - - - 5.4 6.2 7.7 - 1 4 0 2 9 5 1 2 4  - - - - - - - 5.2 - - - - - - 
Nycriphanes couchrl 22.9 - 6.1 - - - - - - - - 417 - - - - - - - - . - - - - - 

Euphausla krhon, - - - - - - - - - -  - 4 . 6 -  - - - - - - - - - - - - - 

Nemaroscellis megdlops 
Larvae Euphausiacea - . - . - - - - - - 12.9 - - - - - - - - - - - - - - 

Solenocera mernbranacea - - - - 18.5 - - - - - - - - - - - - 10.0 - 9.4 - - - - - 
Alpheus glaber 4 6 -  - - - - - 11.2 - - - - 11.7 - - - 33.8 7 5  35.7 21.0 25.8 5.9 14.3 - - 24.9 
Pdsiphaea sivado - 10.9 8.0 - - 9.1 - 6.6 - 47.2 - - - - - - - - - 6.4 - - 4.7 - - - 
P rnulridentara - . - - -  4.9 - - - 4 . 6 -  - - - - - - - - - - - - - - - 

Processa rnedirerrsnea 9.4 - - 26.4 - - - - - - - - - - - 6.5 - 8.8 - 21.2 - - - - - 
Pontocaris lacazer - - - - - - - - - - - - - - - - - - - - - -  - 6 5  - - 

Sergesres arcocus - - - - - . - - - - - - - - - - - - - 1 6 3  - - - - - - 

Arisleus anlendrus 
Calocarrs macandreae - - - - -  - 5.5 - - - - - 1 4 6 3 2 4 8 8 4  - 155 - 1 3 4 2 0 . 8  5 .420.4  - - - 6 3  
Conepla* rhornbordes . - - - - - - - - - - - - - -  - 129 8 8  - - - - - - - 7 3  

Echinodermata 
Oph~uroldea - - - - - - - - - - - -  - 1 0 4  - 8 3 1  - - - - - 16.8 - 70.1 88.4 - 
Crino~dea 

Protochordata 
Pyrosoma sp. 

Chordata 
Hymenocephalus iralicus 
Trachyrhynchus~rachyrhynchus - - - - - - - - 39.5 - - - - - - - - - - - - - - - - - 
Gnalhophis mysrax - - - - - - - - - - - - - - - - - - - - -  - 5.1 - - - 
Elmoprerus spinax 
Caleus melaslomus - - - - - - - 10.6 - - - - - - - - - - - - - - - - - 

Micromesrsl~us pourassou . 5 7  23.3 - - - - 25.9 - - - - - - - - - 16.2 - - - - - - - 

Phycis blennordes - - - - -  - 5 8  - 9 6 -  - - - - . . - - - - - - 12.6 - - - 
C a d i ~ l u s  argenreus srgenreus - - 5 . 5 8 0 4 -  6 1 1 1 . 4 8 . 6 -  - - - - - - - - 1 4 9 -  - 8 0 - 2 5 7 -  - 2 1 6  
Anlonogadus megalokynodon - - - 1 1 1  - - - - - - - - - - - - 7 8  - 7 6  - - 5 0  - - 13.3 
Lesuerioyobjus h e s u  - - 19.9 - - - - - - - - - - - - - - - 4.9 - - - 11.9 - - 4.6 
Noroscopeluselongaruselongalus - 1 0 5  4.8 - - 7.1 6.2 - 5.1 - - - - - - - - 5.0 - - - - - - - - 
Engrauhs encrasicholus - - - - - 20.0 13.2 6.6 - - - - - - - - - 7.2 - - - - - - - - 
Maurol~cus muellerr - 9 5 - - - - - - - - - - - - - - - - - - - - - - - -  
Simphums nigrescens - - S - - - - - - - - - - - - - - - - - -  - 4.8 - - - 
Ciclolhone brauen - - - - - - - - -  19.2 - - -  - - - - - - -  

Norolepis rissoi - - 1 4 7 -  - 1 5 . 9 -  - - - - - - - - - - - - - - - - - - - 

Mictophum puncrahlm - - . - - -  5.4 - - - - - - - - - - - - - - - - - - - 

Pisces indeterminaled 7.1 - - - . . - - 5 . 8 -  - - - - - - - - - - - - - - - 

are, however, also found on the bottom, e. g. selachians 
(Macpherson, 1977 and in press). 

In general, values for overlaps of food items in diets 
are low (E = 0.17). Nevertheless, some predator 
species pairs show high overlap values. Table 3 shows 
that the pairs Trachyrhynchus trachyrhynchus on 
Antonogadus rnegalokynodon, T. trach yrhynch us on 
Nezumia aequalis, Molva dypterigia macrophthalma 
on Conger conger, M. d. macrophthalma on Galeus 
melastomus, T. trachyrhynch us on Sirnph urus nigres- 
cens, and M. d. macrophthalma on Lophius budegasa 
exhibit by far the highest overlaps. The values be- 

tween benthic species are higher (E = 0.34) than be- 
tween epibenthic species (G = 0.20), but this differ- 
ence is not appreciable. 

Mean prey size generally increased with predator 
body size, as has been observed both in other fishes 
(e.g. Werner, 1974; Keast, 1977, 197813) and in other 
animal groups (e. g. Hespenheide, 1971; Brown and 
Lieberman, 1973). As Hespenheide (1975) pointed out, 
this positive correlation between prey size and body 
size justifies the assumption that differences in pre- 
dator size confer differences in diet and thereby allow 
coexistence in competitive environments. 
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Prey size distributions show higher overlaps than 
prey type distributions (E = 0.36, Table 4). When two 
species are similar in size or their main size groups are 

nearly identical (Table l) ,  the overlap values are sig- 
nificant (e.g. Hymenocephalus italicus on Antono- 
gadus megalokynodon, Trigla lyra on Helicolenus 

Table 3.  Interspecific prey type overlap. Overlap of species 1 on specles 1 (a,,) above diagonal and overlaps of specles i on specles 1 
(a,,) below 

- 
Chdrrulus 1 0 7 5  0.14 0 0 1  0 15 0.19 0.18 0 2 8  0.0 0 2 2  0 5 1  0 6 1  004 0 0 2  0.0 0 0  0 16 0 0  0.0 0 2 9  0.35 0.04 0 0 3  0.0 110 ! > l 4  
rLOcrornesrsfrus 0 52 1 0 26 0 03 0 02 0 39 0 60 0 26 0 0 3  0 40 0 43 0.17 0 0  0 0 0.0 0.0 0 02 0.17 0.02 0 20 0.04 0.0 0 12 0 0 0.0 0 05 
hierlumus 0 1 1  0.28 l 0.08 0.01 014 0 4 2  0 1 8  0 0 3  0 2 4  0 0 3  0.12 0 0  0 0  0 0  0 0  0 0  0.70 0.04 014 0.07 0 0  0.38 0 0  0.0 0 1 9  
Molra 0.0 0 18 0.41 1 0.0 0.48 1 4 0  0.64 0 0 3  0 0  0.0 0.0 0 0  0.0 0.0 0.0 0.23 1.58 0 0 2  0.08 0 5 0  0 0  1 6 8  0 0  0.0 0.01 
Hymenocephalus 0 14 0.02 0.01 0.0 1 0.0 0.03 0.0 0 0  0.0 0 2 4  0.01 0.04 0.06 0.03 0 0  0.15 0 12 0.10 0 13 0.57 0.09 0.03 0.0 0 0  0 0 1  
Etmopferns 0 . 1 1 0 3 3 0 . 1 1 0 . 0 8 0 . 0  l 0 . 4 8 0 2 2 0 0 1 0 . 0 7 0 . 0 8 0 . 0 3 0 . 0  0.0 0.6 0 0  0 . 0 5 0 . 1 7 0 . 0 4 0 . 1 0 0 0 4 0 . 0  0 1 5 0 . 0  0 0  0 0 9  
Galeus 0 0 7  0 3 2  0.21 0 14 0 0 1  0.31 1 0 2 6  0.03 0 12 0 0 9  0.03 0.0 0 11 0 0 6  0.0 0 0 6  034 0 10 0 14 0.10 0.10 0 3 1  0.0 0 0  0 2 2  
Scylrorh,nus 0 17 0 22 0 15 0 11 0 0 0 2 3  0 42 1 0.02 0.22 0 12 0.04 0 0 7  0 0 0 01 0.0 0 26 0 87 0 17 0 25 0.28 0.06 0 28 0.0 0 0 0.33 
Scyn~norhrnus 0 0 0 05 0 04 0 01 0 0 0.05 0 0 9  0 03 1 0 01 0 0 0 0 0 0  0 0  0 0 0 0 0 0  0.08 0 0 0 01 0.0 0 0 0 10 0.0 0.0 0.0 
Leprdopus 0 3 2  0 8 2  0.46 0 0  0 0  0 1 7  0.47 0 5 1  0.02 1 0 2 1  0 1 3  0.0 0 0  0 0  0 0  0 0 2  0.15 0 0  0.30 0.02 0 0  0 1 7  0.0 0.0 0 0 4  
Epigonus 0 5 6  0.67 0 0 4  0 0  0 2 8  0 1 5  0 2 7  0.21 0.0 0 1 6  1 0.29 0 0 6  0.02 0 0  0.0 0 0 1  0.0 0 0  0.11 0.0 0 0 1  0.0 0.0 0.0 0.0 
Cdpros 0.78 0 3 2  0 2 0  0.0 0 0 7  0 0 7  0.12 0 0 9  0.0 0 12 0.34 1 0.03 0.0 0 0  0.0 0 0  0.0 0 0  0.08 0.0 0 0  0.0 0 0  0.0 0.10 
Coelorhynchus 0.04 0 0 0.0 0.0 0 04 0.0 0 0 0 12 0.0 0 0 0.05 0.02 1 0.74 0 17 0.01 0 41 0.15 0 23 0 42 0.33 0 62 0.05 0 0 0 0 0 29 
~Vezumra 0.02 0 0 0.0 0 0 0 07 0.0 0 27 0 0 0.0 0 0 0 02 0 0 0 71 1 0.37 0.15 0 32 0.08 0 15 0 5 2  0.20 0 82 0 0  0 15 0 12 0 21 
Trachyrhynchus 0.06 0.0 0 0  0 0  0 15 0 0 0 7 4  0 04 0.0 0 0 0 0 0.0 0 75 1 68 1 0.05 0 89 0.25 0.50 1 4 5  0 18 1.56 0 02 0.0 0 0 0 06 
Chlmacra 0 0  0 0  u o  0 0  0 0 1  0.0 0 0  0 0  0.0 0 0  0 0  0 0  n o 5  0 6 0  0.05 1 004 0.0 0 0 2  0 0 7  0 0 1  1 2 8  0 0  1 1 7  094 0 1 9  
Gnafhophls 0.15 0 0 3  0.03 0.06 0 1 5  0.08 0.15 0.39 0.0 0 0 1  0.01 0 0  0.38 0.32 0.19 0.01 1 0 6 1  0 5 8  0.60 0 8 2  0 4 5  0.22 0 0 2  011 1.02 
Conger 0 0  0.17 0.43 0.20 0.06 0.13 0 4 2  0.66 0.04 0.05 0 0  0 0  0.07 0 0 4  0.03 0.0 0.30 1 0 1 5  0.21 0 3 1  0 0 8  0.43 0 0  0.0 0.48 
Phycis 0.0 0.03 0.07 0.0 0.16 0.10 0.38 0.39 0.05 0.0 0 0  0.0 0.34 0.23 0.17 0 0 1  0.90 1149 l 0 8 3  0 9 7  0.43 0 3 1  0.0 0.0 0.77 
Anfonogddus 0 2 1  0 2 2  0.13 0 0 2  0 10 0.13 0 2 7  0 3 0  0 0  0 15 0 0 8  0.04 0 3 1  0 4 0  0.24 0 0  0 4 7  0 3 4  0.42 1 0.55 0.48 0 16 0 0  0 0  0 5 6  
Lep~dorhonrbus 0 18 0 04 0 07 0 10 0 45 0.06 0 21 0 3 5  0.0 0 01 0 0 0.0 0 25 0 16 0.03 0 0 0 66 0.51 0.50 0 55 1 0.26 0 29 0 01 0.0 0 63 
S~mphurus 0 0 3  0 0  0 0  0 0  0 0 6  0.0 0 1 8  0 0 6  0 0  0 0  0 0  0.0 0 4 1  0 5 6  0 2 3  0 2 2  0 3 2  0 1 1  0.19 0 4 3  0 2 3  1 0 0 2  0.24 0 1 9  0 2 5  
Lophr us 0 02 0.12 0 31 0 33 0 0 2  0 19 0 60 0 33 0 07 0 09 0 0 0.0 0 03 0 0 0.0 0 0 0 17 0.68 0.15 0 16 0 28 0.03 1 0.0 0 0 0 55 
Trigld 0.01 0 0  0 0  0.0 0.0 0.01 0.02 0 0 2  0.0 0 0  0.0 0.0 0 0 1  0 4 3  0.0 0 8 4  0 0 7  0.05 0 0 4  0.04 0.05 1 0 3  0.01 1 0 7 9  0.19 
.Voracanfhus 0.0 0 0  0.0 0.0 0 0  0 0  0 0  0.0 0.0 0.0 0.0 0 0  0 0  0 5 4  0 0  1.08 0.0 0 0  0 0  U0 0.0 1 2 7  0 0  1.24 1 0 1 8  
Hel~colenus 0.11 0 0 6  0.20 0.0 0 0 1  0.13 0 4 7  0.44 0.0 0.02 0.0 0 0 7  0.23 0.18 0.01 O M  0.88 0 8 4  0 4 2  0.61 0.68 0 3 1  0.61 0.06 0.03 1 

Table 4. Interspecific prey size overlap. Overlaps of species j on species i (aji) above the diagonal and overlaps of species i on 
species j (aij) below 

- L, 
Y) 2 

Gddlculus 1 0 4 9  0.69 0 4 5  0 12 0 4 1  0 5 8  0 6 6  0.02 0 5 2  0 16 0 3 9  0 4 8  0 13 0.38 0 10 0 4 6  0.13 0 4 2  0 4 0  0.54 0 3 7  0 0 4  0 8 0  0 19 134 
M~cromesrstius 0 26 1 0.31 0 27 0 07 1 33 1.25 1 3 8  0 02 0 8 5  0.03 0 10 0 32 0 l 1  0 79 0 05 0 8 6  0.63 0 58 0 57 0.51 0 12 0.24 0.25 0.05 0 77 
Merluccius 0 4 5  0.10 1 0 5 0  0.07 0 4 2  0 4 7  U55 0.0 0 5 4  0.09 0.19 0 2 9  0 0 8  0 2 5  0 0 6  0.33 0 24 0.30 0.29 0.37 0.24 0.40 0 5 3  0.19 0.93 
Molva 0.05 0 0 5  0.08 1 0 0 4  0.24 0.27 0.21 0.15 0.15 0 0 1  0.02 0.09 0.04 0 1 4  0.01 O l 7  0.58 0 1 6  0 1 6  0.26 0 0 4  0.53 0.06 0 0 2  0.24 
Hymenocephalus 0.12 0.12 0 10 0.33 1 0 06 0.11 0.32 0 0 0 02 0.35 0 2 5  1 4 0  0.96 1 0 5  0 29 0 76 0.03 1 5 2  1 4 0  1.40 0.71 0.22 0.08 0 37 0 R1 
Emopferus 0 10 0 5 8  0.15 0 53 0 01 1 0 8 8  0 8 6  0 10 0 57 0 0 1  0 0 3  0 15 0 0 4  0 4 7  0 03 054 0.79 0 3 3  0 3 7  0.27 0 0 5  0.47 0.03 0.03 0 4 2  
Ga1~1,5 0 13 0 5 1  0.16 0 55 0 02 0.83 1 0 8 7  0 14 0 44 0 0 2  0 0 4  0 19 0 05 0.52 0 06 0 60 0.86 0 39 0 4 7  0.29 0 09 044 0.12 0 06 0 5 8  
5qlrorh,nu$ 0 14 054 0.18 0 4 1  0 0 7  0.78 0 8 4  l 0 07 0 53 0 0 2  0 0 5  0 26 0 10 0.60 0 21 0 76 0 59 0 48 0 4 7  0.41 0 26 0 32 0 13 0 22 0 63 
Sqmnorhrnus 0.0 0 01 0.0 0.27 0 0 0.08 0.12 0.07 1 0 0 0 0 0 0 0.02 0.0 0 04 0 0 0.04 0 1.1 0 04 0.07 0.02 0 0  0.1 1 0 0 0.0 0 0 5  
L~prdopus 0.22 0 6 6  0.35 0 5 7  0 0 1  1.01 0.84 1 0 4  0.01 1 0.0 0 0 8  0 18 0.04 0 4 5  0.08 0.58 0 58 0 3 6  0.35 0.33 0 13 0.85 0.22 0.09 0 70 
Ep~gonus 0 . U  0.06 0 14 0.09 0.36 0 0 3  0 0 9  0.09 0 0  0.01 1 1 0 7  0 6 1  0.19 0 5 5  0.05 0.18 0 0  0.32 0.39 0.32 0.15 0.04 0.08 O M  0.14 
C'dprm 0.33 0 1 6  0 2 4  014 0 2 1  0 1 2  0 1 7  0 2 0  0.0 0 1 7  0 8 7  1 0 4 7  0 0 7  0 3 9  0 0 4  0 1 7  0 0 3  0.18 0 2 6  0.19 0 1 4  0 0  0.29 0Ch5 0 4 5  
Cuelorhynchuc 0 22 0 27 0 20 0 37 0 64 0 29 0 39 0 56 0.04 0 20 0 27 O.2b 1 0 62 1 0 5  0 27 0 76 0 22 l l1 1 0 6  104 0 58 0 17 11.21 11 1j 13 S8 
Nezumrs 0 13 0 2 2  0.13 0 3 6  1 0  0.19 0 2 3  0 4 7  0.01 0 10 0 19 0.09 1 4 1  t 1 4 2  0 3 1  0 8 8  0 0 9  1 5 8  1 4 9  1 4 9  0 7 6  024 0.11 0 4 1  0 4 0  
Trachyrhynchus O I2 0 4 5  0 12 0 38 0 4 1  0.62 0 7 1  0 8 7  0.07 0 33 0 17 0.14 0 70 0 4 2  1 0 27 0 9 0  0.51 0 93 0 89 0.81 044 0 17 0 0 8  0 29 0 56 
Chlmdera 0 10 0.08 0 0 9  0.11 0 2 6  0.12 0.25 0 9 2  0.0 0.18 0 0 4  0 0 4  0.54 0 2 8  0.81 1 1.34 0 1.1 0.76 0.62 0.77 1.13 0.07 0 0 7  1 03 0.86 
Gnmfhophrs 0.13 0 44 0 14 0.43 0.21 0 6 3  0.75 0 98 1) 06 (l 08 0 05 0 06 0 46 0 24 0.81 0 40 1 0 51 0.71 0.65 0.62 0.51 0.19 0.11 0.42 0.65 
Conger U02 0.18 0.06 0 8 1  0.0 0 5 1  0.59 0.42 0.11 0 2 1  0 0  0 0 1  0.07 0 0 1  0.25 0.02 0.28 1 0 2 2  0 2 8  0.13 0.02 0.58 0 0 2  0.01 0.31 
Phycrs 0 1 3  0.34 0 1 5  0 4 7  0 4 9  0.45 0 5 7  0 7 1  0 0 7  0 2 8  0 1 0  0 0 7  0 7 7  0 4 8  0.97 0 2 6  0 8 2  0.46 1 034 0.89 0 4 9  0 2 7  0.12 0 3 0  0 5 7  
.r\nionogadus 0 13 034 0 I 4  0 4 8  0 4 7  0.51 0 6 9  0 7 2  0.12 0 2 7  0.12 0.10 0 7 5  0 4 7  0 9 4  0 2 2  0 7 6  0 6 4  0 3 4  1 0.85 0 4 3  0 3 2  0.12 0 2 6  0 5 6  
Leprdorhombus 0 21 0.36 0 2 2  0 94 0 5 4  0 43 0 5 0  II 74 0 0 5  0 31 0.12 0 09 0 8 7  0 55 1.01 0 32 0 86 0 34 1 0 7  1 00 1 0 60 0 25 0.21 0 38 OM] 
9mphurus 0 2 3  0 14 0 2 2  0 21 0.44 0 12 0.24 0 75 0.U 0 20 0 0 9  0 10 0.77 0 45 0 8 8  0 75 1 11 0 6 7  0 93 0 8 0  0.95 1 0.14 0.24 0 8 1  0 89 
Lophr us  017 O M  0 0 8  0 6 4  0 0 3  0.26 0.26 0.20 11.07 0.27 0.0 0.0 0 0 5  0.03 0 0 7  0 0 1  0.09 0 5 0  0.11 0.13 0.09 0.03 1 0.0 0.02 0 15 
Trfgla 084 0 4 7  0 8 3  0.54 0.09 0.12 0 5 5  0 6 1  0.02 0.53 0 0 7  0 3 5  0.46 0.10 0 2 7  0 0 8  0.39 0.10 0.38 0 3 6  0.55 0.39 0.04 1 0.18 1 5 1  
Nofaranthus 0 16 0 0 9  0 15 0 13 0.31 0 11 0 23 0.87 0 0 0 20 0.05 0 06 0 62 0 33 0 82 0 95 1 29 0 OR 0.81 0 67 0 84 l 13 0 13 11 l 5  1 0.27 
Helrcolenus 11.35 0.38 0.38 0 57 0.08 0 47 0.69 0.78 0.07 0 44 0 04 0 14 0 33 0 10 0.48 0 24 0 62 0.53 0 47 0 45 0 46 0 38 0 30 0 4U 0 28 1 
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overlap values for either the habitat itself and/or the 
diet (e. g. Keast, 1978b; Macpherson, 1979). This factor 
has not been taken into account in the present study, 
and for this reason the overlap values between the 
species of different guilds may be overestimated to a 
certain extent (see above). 

dactylopterus, and Nezumia aequalis on Trachyrhyn- 
ch us trach yrh ynchus) . 

Depth Distribution 

All the species sampled have a wide depth distribu- 
tion, except Trigla lyra, Capros aper, and Lophius Niche Breadth 
budegasa, which exhibited a certain degree of habitat 
restriction in the study area. It should be recalled that The accurate determination of niche breadth in 
all the species in question are found on or near the natural communities is a very difficult question to 
bottom, and that it is the bottom depth that varies. settle (Hutchinson, 1978), and a realistic value of B 

Juveniles of most of the species encountered were implies that predators make distinctions among avail- 
concentrated over bottoms located in shallower waters able resources similar to those assumed by taxonomists 
than were adults. This positive size-depth correlation (Hespenheide, 1975). 
is very common in fishes (see Helfman, 1978 and bib- The niche breadth was evaluated for several 
liography cited therein), and - as Keast (1978a) has resource axes (prey type, prey size, and depth distribu- 
suggested - it may serve to minimize intraspecific tion), and the separate values were combined. Two 
competition. methods of combining these values are commonly 

Table 5 reveals that depth distribution overlaps are applied, i, e. product and summation. The former 
very high ( E  = 0.82). Only Nezumia aequalisshows a assumes that niche breadth parameters are indepen- 
low overlap value in several species pair interactions. dent, while the latter assumes that they exhibit a 
Those for Lophius budegasa, Capros aper, Merluccius degree of dependence (e. g. May, 1975; Pianka, 1975; 
merluccius, and Gnathophis mystax on Conger conger Hanski, 1978). However, as these authors have pointed 
are distinctly the highest. out, the real situation occurring in nature is probably 

Vertical separation in the water column is extremely intermediate; May suggested that the choice of one of 
important in comparing habitats (e. g. Alevizon, 1975; these two methods should be made after an intuitive 
Ebeling and Bray, 1976), since this can affect the real evaluation of the problem. 

Table 5. Interspecific habitat overlap. Overlaps of species j on species i (aj,) above the diagonal and overlaps of species i on 
species j (U,,) below 

3 . n 
91 

E 
Y) 

Gadiculus 1 0.95 0.77 083 065 106 089 0.91 1.03 1.13 074 071 045 021  113 112 0.78 120 112 107 092 V96 0.71 0.71 087 102 
Mnomesrsuus 0 89 1 0 66 072 0 65 106 0 98 0 84 1 10 109 0 93 0 58 0 85 0 17 1.07 1.07 0 67 1 07 1 09 0 95 1.01 0.98 0.58 0 58 1 02 0 93 
Merlucous 123 1.11 1 105 053 109 084 113 110 124 069 093 061  003 1.23 1.29 1.01 142 122 128 1.06 1.14 0.93 0.93 085 124 
Molva 117 1.09 0.95 1 054 109 086 1.09 1.10 121 073 087 065 005 1.21 1.26 095 136 120 123 1.05 1.11 0.87 0.87 089 119 
Hymenocephdius 045 048 0.23 0 26 1 0 96 0 96 0.34 0.75 0 86 074 0 19 0 57 071 0.88 0.68 0.23 0 68 0 87 056 0.64 0.45 0.19 0.19 0 78 0 48 
Etmopterns 0.65 0.70 0.43 0 47 0 85 1 0 96 0.56 0.89 0.96 0 80 0 37 0 66 0 49 0.97 0.85 0.43 0.86 0.97 0 74 0.71 0.67 0 37 0.37 0 87 0 69 
Galeus 0.56 0.67 0.34 039 0.89 099 1 049 0.89 0.93 086 028 072 053 0.93 0.80 0.34 077 0.94 0.66 069 0.63 028 028 0.91 0.60 

Sqvlrorhrnus 1.07 1.06 0.85 090 058 108 090 1 1.10 1.17 080 077 0.72 0.59 1.16 1.19 0.86 1.26 1.16 1.13 1.03 1.07 077 077 0.93 110 
SLymnorh,nus 0.73 0.83 0.50 0 5s 0 77 1.02 099  0.66 1 1.00 0 90 0 43 0.79 0.35 1.00 0.93 0.51 0.91 1.01 0.80 0 85 0 80 0 43 0 43 0.89 0.77 
Lepidopus 0.73 0.75 0.51 055 0.81 1.01 0.94 0.64 0.92 1 0.78 0.45 0.64 0.43 1.0 0.91 0.51 0.94 1.0 0.82 0.75 0.74 0.45 0.45 0.86 0.76 
Epigonus 0.57 0.77 0.34 0.40 0.84 1.01 1.06 0.53 0.99 0.94 1 0.27 0.88 042  0.93 0.83 0.35 075 0.95 O M  0.82 072  027 0.27 1.03 0.62 
Capros 130 114 1.08 1.12 0.49 1.10 0.81 1.20 1.10 1.27 0.63 1 0.56 0.0 1.26 1.34 1.08 1.50 1.25 1.35 1.07 118 1.00 100 083  1.31 
Coelorhynchus 0.62 0.87 0.37 0.44 0.80 1.02 1.09 0.59 1.07 0.96 1.09 0.30 1 0.32 0.95 0.88 038 077  098 067 093 0.86 0.30 0.30 112 0.67 
~Vezumia 0.23 021  0.02 0.04 1.18 0.90 0.94 0.57 0.56 0.75 0.62 0.0 0.38 1 0.78 048 002  0.51 076 038 0.23 0.19 0.0 0.0 064 026 
Trdchyrhynchus 0.72 0.73 0.50 0.55 0.82 1.01 0.94 0.63 0.91 1.01 0.77 0.44 0.63 0.44 1 0.90 0.51 094 100 0.81 0.74 0.72 0.44 0.44 087 075 
Chimaera 0.84 0.85 0.61 0.66 073 103 094 0.75 0.98 1.05 0.79 0.55 0.68 032 1.05 1 062 104 105 091  0.85 0.84 055 0.55 089 087 
GnaUlophls 1.22 1.11 0.99 1.04 052 109 O M  1.12 1.10 1.23 069 0.92 062 0.03 1.23 1.28 1 141 121 127 1.05 114 0.92 0.92 087 123  
Conger 0.89 0.84 0.66 071  073 103 0.89 0.79 0.95 1.07 071  060 059 0.33 1.08 1.02 0.67 1 107 097 0.82 084 060 0.60 083 091 
Phyns 0.72 0.75 0.50 0.54 0 81 1 01 0 95 0.63 0.92 1.00 0 79 0 44 0.66 0 43 1.00 0.91 0.50 0 93 1 0 81 0 75 0.73 0 44 0.44 0 87 0 75 
Anlonogsdus 0.92 0.87 0.70 0 75 0.70 1 04 0 89 0.83 0.97 1.09 0 71 0 64 0 60 0 29 1.09 0.05 0.71 1 13 109 1 0 86 0.88 0 64 0.64 0 84 0 91 
Lep~dorhombus 0.85 0.99 0.62 0.68 086 105 101 0.80 1.10 1.07 096 054 088 019 1.05 1.04 0.63 1.02 108 090 1 0.96 054 054 105 089 
Qmphurns 0.94 1.02 0.70 0.76 064 106 097 0.88 1.10 1.13 090 063 082 016  1.09 1.10 0.72 1.11 1.11 0.99 1.01 1 0.63 063  1.01 0.97 
Loph, us 1.30 1.14 1.08 1.12 0.49 110 0.81 1.20 110 1.27 063 100 0.56 0.0 1.26 1.34 1.08 1.50 1.25 1.35 107 118 1 1.00 0.83 1.31 
Tngla 1.30 1.14 1.08 112 0.49 1.10 0.81 1.20 1.10 1.27 063 1.00 0.56 0.0 1.26 1.34 1.08 1.50 1.25 135 1.07 118 1.00 1 083  1.31 
NotacanUlus 0.63 0.79 0.39 045 0.82 1.01 1.03 0.57 0.91 0.96 0.95 0.33 0.84 0.40 0.95 0.86 0.40 0.81 0.97 0.70 0.82 0.74 033  033 1 0.67 
Helicolenus 0.97 0.94 0.75 0.80 0.66 1.05 0.90 0.89 1.02 1.12 0.76 0.68 0.66 0.22 1-11 1.10 0.75 1.17 1.11 1.00 0.92 095 0.68 0.68 088 1 
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Breadths along various dimensions appear to be 
independent (non-significant correlation coefficients 
were found between the 3 niche parameters: prey size- 
depth distribution = 0.13; prey type-prey size = 0.24; 
prey type-depth distribution = 0.09, P < 0.01). For this 
reason, the product method was considered to be the 
relevant measure of overall niche breadth in the pre- 
sent instance. 

Table 6 gives the niche breadths as calculated for 
each dimension. In each case, two separate estimates 
of overall niche breadth were computed, one as the 
product of the 3 parameters mentioned above and the 
other as the mean value for prey size times prey type 
multiplied by the depth distribution value. Both values 
indicate similar trends: Chimaera monstrosa, Trigla 
lyra, Notacanthus bonapartei, and Capros aperpresent 
the narrowest overall niches, while selachians (Galeus 
melastomus, Etmopterus spinax, Scyliorhinus 
canicula, and Scymnorhinus licha) and Conger conger 
have the widest, with a larger number of specialist 
species being observed in the benthic than in the 
epibenthic guild. These results agree with those 
obtained by Margalef (1968), who suggested that the 
number of specialist species is usually larger in more 

mature systems (benthos) than in fluctuant systems 
(epibenthos). 

The selachians and, as a rule, other generalist 
species have certain advantages over specialist 
species, since they have better control over their envi- 
ronment and are better able to cope with fluctuations 
in food availability. Moreover, the selachians consi- 
dered here have a very large and well-developed liver, 
which allows them to go without food for a rather 
protracted period of time (e. g. Springer, 1969; Mac- 
pherson, in press). In addition, the reproduction rate for 
these species is very low (e. g. Capape, 1974). As has 
been pointed out by Margalef (19?4), these species 
may stabilize their populations by decreasing the flow 
of energy to reproduction. 

The greater breadth of the niche of another general- 
ist species, Conger conger, may be due to its very 
distinctive habits, specifically, the fact that only large 
individuals reproduce, dying thereafter (e. g. Wheeler, 
1969). This means that they must be able to react 
swiftly to changes in the environment in which they 
live in order to be able to compensate for possible 
fluctuations, thus ensuring the maximum individual 
survival rate and thereby at least a minimally accept- 
able parental population level. 

Table 6. Niche breadths for different dimensions and overall niche breadths. (A) Product of three dimensions. (B) Habitat X 
average prey type and prey size (see text) 

Species Prey type Prey size Habitat Overall niche breadths 
(A) (B) 

Gadiculus 0.11 0.05 0.61 0.003 0.05 
Micromesistius 0.16 0.09 0.65 0.009 0.08 
Merluccjus 0.15 0.07 0.39 0.004 0.04 
Mol va 0.03 0.43 0.43 0.006 0.10 
Hymenocephalus 0.12 0.05 0.88 0.005 0.07 
Etmopterus 0.19 0.20 0.99 0.038 0.19 
Galeus 0.30 0.21 0.96 0.060 0.24 
Scyliorhinus 0.18 0.22 0.52 0.021 0.10 
Scymnorhinus 0.10 0.25 0.86 0.022 0.15 
Lepidopus 0.08 0.1 1 0.94 0.008 0.09 
Epigonus 0.10 0.05 0.78 0.004 0.06 
Capros 0.09 0.06 0.33 0.002 0.02 
Coelorhynch us 0.11 0.10 0.63 0.007 0.07 
Nezumia 0.12 0.05 0.54 0.003 0.05 
Trach yrh ynch us 0.03 0.15 0.95 0.004 0.09 
Chimaera 0.03 0.05 0.82 0.001 0.03 
Gnathophis 0.12 0.17 0.39 0.008 0.06 
Conger 0.24 0.31 0.75 0.056 0.21 
Phycis 0.08 0.15 0.95 0.01 1 0.11 
Antonogadus 0.15 0.14 0.71 0.015 0.10 
Lepidorhombus 0.15 0.12 0.66 0.012 0.09 
Simph urus 0.17 0.08 0.63 0.009 0.08 
Lophius 0.15 0.36 0.33 0.017 0.08 
Tngla 0.04 0.05 0.33 0.001 0.01 
Notacanthus 0.03 0.06 0.85 0.002 0.04 
Helicolenus 0.14 0.18 0.65 0.016 0.10 
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Overall Overlap 

As in the case of niche breadth, comparisons be- 
tween niche parameters can reveal interdependence or 
independence. Several authors (e. g. Schoener, 1968, 
1974; Pianka and Pianka, 1976; Ross, 1977; Hes- 
penheide, 1975) have found either negative or positive 
correlation among various parameters. In this study, 
the relationships indicate that the parameters are con- 
siderably independent: prey size-depth distribution = 

0.04, and prey type-depth distribution = 0.01 (the prey 
type-prey size relationship, at 0.37, P < 0.01, constitut- 
ing an exception). Therefore, the product of depth 
distribution times the mean value of prey type times 
prey size is probably the best measure for estimating 
overall overlap. 

Table 7 lists the overall overlap values. Some species 
pairs show high values (e. g. Molva dypterigia mac- 
rophthalrna on Conger conger, Trigla lyra on Sirn- 
phurus nigrescens, T. lyra on Helicolenus dactylop- 
terus, and Gnathophis mystax on H. dactylopterus). 
However, as several authors have pointed out (e. g. 
Keast, 1978b; Macpherson, 1977, 1979), some of these 
values may be overestimated, because there are other 
factors which are likely to exert an influence on the 
overall overlap (e. g. feeding at different heights in the 
water column, seasonal fluctuations in diets, etc.). 

On the other hand, it is extremely useful to know 
how these significant values are distributed among the 

different size groups. As several authors have indi- 
cated (see review by Helfman, 1978), ontogenic differ- 
ences in diet and depth distribution appear to be the 
rule in fishes. 

Table 8 presents the overall overlap values between 
size groups of species pairs exhibiting high values in 
Table 7, it being observed, in general, that high values 
appear in only a few pairs of size groups. 

As has just been referred to above, seasonal varia- 
tions in diet and depth distribution are of considerable 
importance in the estimation of real overlap. For in- 
stance, the overlap values of Molva on Conger conger 
are generally low, except between Molva's smallest 
size group and the 4 0 4 9  cm size group of C. conger. 
This higher value is chiefly attributable to the fact that 
both size groups feed basically on Gadiculus argenteus 
argenteus. Nevertheless, this value is overestimated, 
since these two species make use of this resource in 
different seasons; M. d. rnacrophthalrna feeds on 
Gadiculus argenteus argenteus primarily in spring and 
summer, whereas C. conger preys on this same species 
mainly in autumn and winter. It was found that high 
overlap values for depth distribution between these 
size groups were only significant during summer and 
autumn. 

Similar examples can also be cited, as for instance 
Molva d. macrophthalma on Lophius budegasa, with 
high overlaps for small specimens of Molva on the 
20-29 cm size group of L. budegasa. As in the preced- 

Table 7. Overall overlap (habitat X average prey type-prey size). Overlaps of species j on species i (a,,) above the diagonal and 
overlaps of species i on species j (a,,) below 

m 
m - Y) 

2 Y) Z 
2 

Gadiculus 1 0.60 0.32 0.19 009 032 034 0.43 0.01 0.42 0.25 036 017 0.02 0.22 006 024 008 024 0.37 0.36 0.20 0.02 029 008 0.75 
,V~mornesistius 0.35 1 0.19 0.11 0.03 0.91 0 91 0 69 0.03 0 68 0 21 0.08 0 14 0 01 0.42 0 03 0.29 0.47 0 33 0.37 0.28 0 06 0.10 0.07 0 03 0.38 
Merlucous 034 021 1 030 0 02 0.31 0 37 0.41 0.02 0 48 0.04 0.14 0 19 0.01 0.15 0 04 0.18 0.67 0 21 0.28 0.23 0 12 033 0.25 0 05 0.69 
Molva 0 03 0.13 0.23 1 0 01 0.39 0 72 0.46 0.10 0 09 0.01 0.02 0 03 0 01 0 08 0 01 0.13 1.47 0 11 0.15 0.40 0.02 0.96 0.03 0.01 0.15 
Hymenocephalus 006 003 0.01 004 1 0.03 0.13 0.05 0.10 0.01 022 0.03 0.41 036 0.61 0.10 0.10 0.05 0.70 0.44 0.63 0.18 0.02 0.01 0.14 0.08 
Emoprems 0.07 0.32 0.06 0.14 0.01 1 0.65 0.30 0.05 0.31 0.04 0.01 0.05 0.01 0.23 0.01 0.13 0.41 0.18 0.17 0.11 0.02 0.11 0.01 0.01 0.18 
Galeus 0.06 0.28 0.06 0.13 0.01 0.56 1 0.28 008 0.26 0.05 0.01 0.07 004 0.27 0.02 0.11 0.46 023 0.20 0.13 0.06 011 0.02 0.03 0.24 
Scyliorhinus 0.17 0.40 0.09 0.23 002 0.55 057 1 005 0.44 0.06 0.04 012 0.02 0.35 013 0.44 0.92 0.38 0.41 0.36 017 0.23 0.05 010 0.53 
Scymnorhinus 0.0 024 0.01 008 0 0  0.07 001 0.03 1 0 0  0.0 0.0 001 0.0 0.02 0.0 0.01 0.10 002 0.03 0.01 0.0 0.05 0.0 0.0 0.02 
Leprdopus 020 056 0.21 016 001 0.68 062 0.50 0.01 1 0.08 0.05 006 0.01 0.23 0.04 0.15 0.34 0.18 0.27 0.13 005 0.23 0.05 004 0.28 
Ep~gonus 021 028 0.03 002 0.27 0.09 0.19 0.08 0.0 0.08 1 0.18 0.29 0.04 0.26 0.02 0.03 0.0 0.15 0.16 0.13 0.08 0.01 0.04 0.08 0.04 
Capros 0.72 0.27 0.24 0.08 0.07 0.10 0.12 0.17 0.0 0.18 0.38 1 0.14 0.0 0.25 0.03 0.09 0.03 0.11 0.23 0.10 0.08 0.0 0.15 0.02 0.36 
Coelorhynchus 0.08 0.12 0.04 0.08 0.27 0.15 0.21 0.20 0.02 0.10 0.17 0.04 1 0.22 0.58 0.12 0.22 0.14 0.66 050 0.64 0.49 0.03 0.03 0.18 0.29 
Nezumia 0.02 0.02 0.01 0.01 0.63 0.09 0.24 0.13 0.01 0.04 0.07 0.0 0.40 1 0.70 0.11 0.01 0.04 066 038 0.19 015 0.0 0.0 O n  0.08 
Trschyrhynchus 0.06 0.16 0.03 0.10 023 0.31 068 0.29 0.03 019 0.07 0.03 046 0.46 1 014 0.46 0.36 0.72 0.95 0.37 072 0.04 0.02 012 0.23 
Chrmaera 0.04 003 0.03 0.04 010 0.06 012 0.35 0.0 0.09 0.01 0.02 0.20 0.14 0.45 1 0.43 0.07 0.41 0.31 0.33 1.01 0.02 0.34 088 0.46 
Gnathophls 0.17 0.26 0.08 025 0.19 0.39 038 0.77 0.03 024 0.02 0.03 0.26 0.01 0.62 0.26 1 0.79 0.78 0.79 0.76 0.55 0.19 0.06 0.18 1.03 
Conger 0.01 0.15 0.16 036 0.02 0.33 0.45 0.43 0.07 0.14 0.0 0.01 0.04 0.01 0.14 0.01 0.19 1 0.20 0.24 0.18 0.04 0.30 0.01 0.01 0.36 
Phycir 0.05 0.14 0.06 0.13 0.26 0.28 0.45 0.35 0.05 0.14 0.04 0.02 0.37 0.15 0.57 0.12 0.43 0.44 1 0.47 0.70 0.34 0.13 0.03 0.13 0.50 
Antonogadus 0.16 0.24 0.09 0.19 0.20 0.33 0.43 0.42 0.06 0.23 0.07 0.04 0.33 0.13 0.64 0.12 044 0.53 0.41 1 0.60 040 0.15 0.04 0.11 0.51 
Lepidorhornbus 0.17 0.20 0.09 0.35 043 0.26 036 0.44 0.03 0.17 0.05 0.02 049 0.07 0.55 017 0.48 0.43 085 0.68 1 0.41 0.15 0.07 020 0.58 
Slmph urus 012 007 0.08 008 016 0.06 0.20 0.36 0.0 011 0.04 0.03 048 0.08 0.60 0.54 0.51 0.43 062 0.61 0.60 1 0.05 0.15 051 0.55 
Lophius 0.01 0.10 0.21 054 001 0.25 0.35 0.32 0.08 039 0.0 0.0 003 0.0 0.04 0.01 0.14 0.89 0.16 0.20 0.20 0.04 1 0.0 0.01 0.46 
mgla 0.55 027 0.45 030 0.02 0.07 0.23 0.38 0.01 0.34 0.02 0.18 0.13 0.0 0.17 0.62 0.25 0.11 0.26 0.27 0.32 1.11 0.03 1 0.40 1 1 1  
Nolacanthus 0.05 0.04 0.03 0.03 0.13 0.07 0.12 0.25 0.0 0.10 0.02 0.01 0.26 0.17 0.39 0.86 0.26 0.03 0.39 0.23 0.34 0.89 0.02 0.23 1 0.15 
Helicolenus 0.22 0.21 0.22 0.23 0.03 0.32 0.52 0.54 0.04 0.26 0.01 0.07 0.28 0.03 0.28 0.13 0.56 0.80 0.49 0.53 0.52 0.33 0.31 0.16 014 1 
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Table 8. Interspecific overall overlap between various size groups of different species pairs. The values represent overlaps of row 
species on column species. Size groups: 0 = 5-9 cm; I = 10-19; I1 = 20-29; 111 = 30-39; IV  = 4 0 4 9 ;  V = 50-59; V1 = 60-69 

Chimaera 

Conger Caleus Helrrolenus 

U I11 IV V W 1 I T  IU N V 0 1 I1 
I 0.05 0.25 0 74 0 26 0.11 1 0 88 0 . B  0 07 0.02 0.01 11 0 65 1.34 0.43 

lMolva 11 0.06 0.41 0.63 0.26 0 16 M~mmes l sous  11 1.25 0.54 0.11 0.02 0.09 Gnathophis m 0.42 1.06 0.33 
111 0.04 0.27 0.33 049 0 16 111 0.55 0.45 0.10 0.03 0.03 I V  0.30 0.97 0.56 

Conger Sqliwlunus Gadiculus 
11 I11 N V VI 1 11 Ill IV 0 I 

I 0.24 0.57 0.35 0.11 0 0 1  11 0 90 0.56 0.25 0.04 0 0.59 0 11 

Scyliorhl? n c 11 0.09 0.43 0.69 0 42 0 20 Gnathophis 111 0.80 0.85 0.37 0.52 1 0.98 0 20 
111 0.05 0.42 0.63 0.35 0.23 I V  0.56 0.67 0.52 0.33 
IV  0.07 0 34 0.78 045 026 S~mphurus 

Lophrus 0 I 
Conger I 11 111 I V  11 1.38 0.78 

l1 111 IV V V1 I 0 29 0 79 0.22 0.16 111 1 41 0.77 
1 0.09 050 0.81 0.12 011  11 0.55 0.44 0.09 0.01 IV 1.56 1.03 

Lophl us 11 0.08 0.30 0.38 0 l 2  0 03 U1 0.09 0.21 0.03 0.03 V 1.12 0.84 
I11 0 08 0.64 0.69 0.09 0.07 VI 0.12 0.40 
1V 003 0.41 0.38 0.13 0.05 Ph ycls 

0 I I1 U1 Simphunrs 
Conger 1 0.35 0 77 093 0.05 0 I 

11 111 IV V W Trdchyrhynrhus 11 022 0 73 0.77 0.07 1 0.65 103 
11 0.48 0 79 0.04 0.07 0.03 111 0.04 0.53 0.50 0.07 Trachyrhynchus 11 0.41 0 62 

Gnathophis 1ll 033 0.76 0.27 0.11 0.04 111 0.05 0.07 
LV 0 56 0.53 0.25 0 33 0.06 Phycrs 

o I 11 nl Simphurus 
Conger 11 106 149 l l 0  0.09 0 I 

11 111 W V W U1 0.54 0 79 0 95 0.06 0 l 0 6  0.50 
1 0.15 0.40 053 008  008 IV 044 0 71 121  0.19 1 0.93 0.46 

'iciicuir~nus 11 0.25 0.53 0.42 0.21 0.05 11 0.54 0.31 
111 0 40 0.71 0.60 0.59 0.21 Phycis 

0 I U 111 dmphurus 
Ch~maera 0 0 56 0.95 081  0.01 0 I 

11 I11 1V V \I] Lepidorhombur 1 0 35 0.89 0.97 0.08 Notdcdnlhus I1  1.29 0.71 
Nolacanrhus 11 0.88 0.84 0.63 1.13 0.29 11 0 06 0.45 1.07 0.26 

Anlonogadus 
Leprdorhombus Phyc~s 0 1 

0 I I 1  0 1 U Ill 1 0.89 0.97 
0 0.99 111  0.12 Hymenocephsl~ 1 0 12 0.69 0.54 0.00 Trachyrhynchus 11 0 62 0.78 

Phycis 
1 0.36 0.64 0.28 111 0 22 0.52 

I T  0.38 0.49 0 48 Etmopterns 
111 0.04 0.21 0 44 I 11 111 Antonogadus 

1 0.73 0.22 0.01 0 I 
Leprdorhomb us i \ ~ f ~ ~ ~ r i ~ i l ~ ~ ~ ~ ~ s f i u s  11  0.98 0 30 0 01 11 1.38 1.06 

0 I I1 111 0 65 0.25 0.02 Cnafhophis 111 0 81 0.83 
I1 0 86 1.20 0.16 IV 0.62 0 66 

Gndlho,>h'< 111 0.41 0.72 0.16 Trdrhyihynchus 
1V 0.37 0.56 0.23 I 11 111 

l 028 073 007 
Hel~colenus 11 0 26 0.79 0.11 
0 I I1 111 0.11 0.61 0.39 

(;ddhrrlus 0 0.68 0.73 0.03 
1 0.16 0.33 0.02 Trrgla 

0 1 11 
0 0.45 0 50 044 

Helrmllvlus 1 0.17 0.20 0 19 
11 0.02 0 04 0 29 

Gnathophis 

ing case, this is mainly due to the presence of 
Gadiculus argenteus argenteus in the diets of both 
predators, this prey item, however, being captured by 
L. budegasa in the spring and autumn, M. d. macroph- 
thalma talung it especially in the autumn and winter. 
Scyliorhinus canicula on Conger conger also gives 
large values. especially for the 40-49 cm size groups. 
These size groups feed principally on Gadiculus 
argenteus argenteus, Micromesistius poutassou, and 
Engraulis encrasicholus, all of which, as in the previ- 
ous cases, appear in the diets of the different predators 
in different seasons. There are like cases among 

epibenthic species, e. g. Capros aper and Gadiculus 
argenteus argenteus, which share two primary 
resources (Meganyctiphanes norvegica and Nyc- 
tiphanes couchii), using them in different seasons. As 
some of these cases relate to different guilds that prob- 
ably inhabit, for the most part, different heights in the 
water column, the values for depth overlaps, and con- 
sequently overall overlaps, may be overestimated. 

There are important overlaps between 10-30 cm 
long specimens of Micromesistius poutassou on the 
smaller size groups of Galeus melastomus. These size 
groups feeed mainly on Meganyctiphanes norvegica, 
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Table 9. Summary of community matrices for each dimension and for each guild. Expected number of species was obtained from 
Vandermeer's tables (1972) 

- a Covariance Number of Number of 
species observed s p e c ~ e s  expected 

Prey-type overlap 0.17 0.002 26 22 
Prey-size overlap 0.36 0.009 2 6 13 
Depth distribution overlap 0.82 -0.01 26 10 
Benthic guild (overall overlap) 0.36 0.054 14 5 
Epibenthic guild (overall overlap) 0.18 0,005 12 20 

with high values being recorded in spring and autumn, 
at which times this prey species is particularly abun- 
dant (Macpherson, 1977). However, their diets are 
rather different during the rest of the year. M. potassou 
on Etmopterus spinax presents a similar situation. 

In general, benthic species exhibit diets and depth 
distribution undergoing little or no seasonal changes, 
and for this reason significant values remain practi- 
cally constant all year long (Macpherson. 1977, 1979). 
For instance, Chimaera monstrosa, Simphurus nigres- 
cens, Trigla lyra, and Notacanthus bonapartei, which 
base their diets on ophiuroids, benthic crustaceans, 
and other benthic organisms, exhibit high overlap val- 
ues for various size groups throughout the year. Other 
similar cases can be observed between Phycis blen- 
noides, Trachyrhynchus trachyrhynchus, Nezumia 
aequalis, Gnathophis mystax, Lepidorhombus boscii, 
and Antonogadus megalokynodon on other benthic 
species feeding mainly on Alpheus glaber, Calocaris 
macandreae, and other benthic crustaceans. 

There are other factors affecting estimations of over- 
lap, e ,  g. the differences in the vertical distribution of 
the various species already referred to above, differ- 
ences in diel resource utilization, etc. Such diel feed- 
ing patterns have been observed in various fish species 
(e. g. Bray and Ebeling, 1975; Ebeling and Bray, 1976; 
Keast and Welsh, 1968; Hobson, 1974). 

For the most part, the species considered in the 
present study did not present important variations be- 
tween daytime and nighttime activity (Macpherson, 
1977), with the exception of Gnathophis mystax, which 
has strictly nocturnal habits (Macpherson, 1977; 
Rucabado et al., 1978). This tends to indicate that the 
overall overlaps of this species on the other species are 
to some extent overestimated. 

DISCUSSION 

The analysis of overlaps between niche parameters 
shows that interaction between parameters reduces 
competition and allows species to coexist (e.g. Schoe- 
ner, 1974; Brown, 1975; Pianka, 1975; Keast 1978a, b). 
Segregation of and competition between species may 

be the result of combinations of several niche aspects 
(depth distribution, diet, etc.), one of these possibly 
being preponderant over the others (e.g. Schoener, 
1974). Hespenheide (1975) found in bird communities 
that it is easier for a species to adjust its foraging zone 
or method to avoid competition than it is to change its 
food habits. Schoener (1974) showed that habitat sep- 
aration is far more effective than food separation in 
preventing species overlap, though it is less frequently 
important in aquatic than in terrestrial animals. Other 
authors (e. g. Gascon and Legget, 1977 and papers 
cited therein) have found that food is the principal 
mechanism behind ecological segregation in most 
freshwater fish communities. 

Analysis of the covariance of a,, and a,, and of the 
mean value of a for each nlche dimension separately 
shows how the species are packed (Vandermeer, 1972; 
Hespenheide, 1975). Covariance values for the calcu- 
lated overlap and the mean value of a (Table 9) indi- 
cate that the species are more closely packed with 
respect to depth distribution than to food (one would 
expect 10 species in the community on the basis of 
depth distribution, and 13 and 22 on the basis of prey 
size and prey type, respectively). This result, therefore, 
implies that the diet dimension is, at  least in the 
community studied, the most important factor con- 
tributing to the segregation of fish species and also to 
the avoidance of possible competition, which agrees 
with the results of Fryer and Iles (1972), Gascon and 
Legget (1977), Keast (1978a) and others. 

Fishes in general change their diet and habitat with 
size, hence it can be argued that fish species occupy 
several niches or subniches simultaneously (Deselle et  
al., 1978; Keast, 1978a; Margalef, 1978), as has been 
argued with regard to the males and females of some 
bird species (see Hutchinson, 1978 and papers cited 
therein). The overlap analysis between species size- 
groups shows that most species pairs with significant 
overlaps present high values in only a few size-group 
pairs. Furthermore, some of these also exhibit a sea- 
sonal or diel pattern of resource partitioning, so the 
overlap values as calculated may be overestimated. It 
can be observed from the results obtained that some 
species utilizing the same resources in actual fact 
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exploited them at different times or in different situa- 
tions, thus reducing the real level of overlap between 
them. 

On the other hand, overlap values increase when a 
resource peaks in abundance and several species are 
attracted to it; overlaps tend to be smallest when food 
is relatively scarce (Zaret and Rand, 1971; Lowe- 
McConnel, 1975; Macpherson, 1977; Keast, 1978a). 
This was particularly apparent in the present study for 
those size groups of epibenthic predator species feed- 
ing on prey items undergoing substantial seasonal 
fluctuations in abundance, e. g. Meganyctiphanesnor- 
vegica and Sergestes arcticus (Franqueville, 1971 ; 
Macpherson, 1977). This was not the case for benthic 
predators, which feed on prey items that undergo no 
significant seasonal variations (Camp, pers. comm.). 
These high overlap values are not sufficient evidence 
of competition, for, as Pianka (1976) has pointed out, 
'overlap need not necessarily lead to competition 
unless resources are in short supply'. 

However, as Brown (1975) suggested, indirect evi- 
dence of interspecific competition comes from inverse 
correlations of predator abundance. There is a strong 
inverse relationship between the abundance of com- 
parable predator species or comparable predator 
species size groups (Table 1) using similar resources, 
especially in benthic species (e. g. Lepidrohombus 
boscii on Phycis blemoides, Trach yrh ynch us 
trachyrhynch us on P. blennoides, and Notacanthus 
bonapartei on Simphurus nigrescens). Roughgarden 
(1974) found similar results in coral reef fish com- 
munities. 

Vandemeer (1972) and Culver (1974) have shown 
that lower covariance values indicate the coexistence 
of a greater number of species, which in turn implies 
lower levels of competition. Table 9 shows the 
covariance values of community matrices for each 
guild (epibenthic and benthic). The data indicate that 
the covariance of the epibenthic guild may be lower 
than that of the benthic guild. Therefore, although both 
communities possess mechanisms designed to avoid 
competition, such competition is more likely in the 
benthic than in the epibenthic guild. As Margalef 
(1974) pointed out, if the supply of resources is fluc- 
tuating rather than constant (e. g. epibenthic and 
pelagic prey items) several species can coexist and 
segregation is less than when the supply of available 
resources is uniform and stable (benthic prey items). 
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