
:;. 

Hydrobiologia 252: 175-191, 1993. 
© 1993 Kluwer Academic Publishers. Printed in Belgium. 

~ 
175 

Feeding ecology of a vertebrate assemblage inhabiting a stream of NW 
Spain (Riobo; Ulla basin) 
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)\1 Key words: fish , birds, mammals, stream, diet, overlap 
\I 

i 
... 
1 
.; 
::.... 

"' ... 

Abstract 

The food resource use of a stream in NW Spain by fish (Salmo rnma L. and Anguilla anguilla L.), birds · 
(Cinclus cinclus L. and Mmacilla cinereaL.) and mammals (Galemys pyrenaicus G . and Neomys anomalus 
C.) was studied. Data on seasonal diets and stream benthos prey were used to determine prey selec­
tion patterns . 

Caddisfly larvae are the main resource for Cinclus and Galemys, but these predators also consumed 
other benthic prey . Salmo fed on a wide range of benthic invertebrates, emergent pupae and terrestrial 
prey, whereas Anguilla consumed primarily benthic invertebrates, especially Lumbricids. Neomys fed 
mainly on terrestrial prey (Gasteropods and Lumbricids), but also consumed aquatic prey. Mowcilla 
captured aquatic insects both in larval and aerial stages, as well as terrestrial prey . 

Both prey availability and selection led to seasonal differences in the use of food resources. All spe­
cies showed a marked prey selection of aquatic taxa. Prey size plays an important role in this selection, 
most species consuming the largest of available prey sizes. In spite of the fact that all species feed upon . 
freshwater invertebrates, substantial resource partitioning was observed in all seasons. This partition­
ing may be attributable to morpholological and physiological differences. Nevertheless, Anguil/a and 
Galemys, two quite different animals, did feed on the same prey much of the time. 

lntToduction 

During the last decade, studies on resource par­
titioning of freshwater fish have increased greatly 
(review in Ross, 1986). At present, however, lit­
tle is known about other vertebrate species that 
consume !otic prey (Orrnerod, 1985; Santan1arina 
& Guitiim, 1988). 

Nonetheless, studies of resource partitioning 
are in1portant aspects of attempts to determine 
the potential in1ponance of biological interactions 
to stream vertebrates. One of the most peculiar 
characteristics of many streams in North Spain is 
the coexistence of fish with birds (dipper Cinclus 

cinclus L. grey wagtail Mowcilla cinerea L. ) and 
mammals (Pyrenean desman Gai'emys pyrenaicus 1 

G ., Miller's water shrew Neoymys anomalus C.). 
All of these species feed upon similar prey: fresh­
water invertebrates. Most studies on resource 
partitioning in streams compare closely related 
species. However, some investigations have dem­
onstrated substantial similarities in diet, and even 
competition between different classes of verte­
brates and between vertebrates and invertebrates 
(Brown & Davidson, 1977; Wright, 1979; Brown 
er al. , 1979). 

This led me to investigate the resource use of 
insectivorous fish (brown trout Salmo rruua L., 
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eel Angui/la anguilla L.). birds (dipper, grey wag­
tail) and mammals (Pyrenean desman, Miller's 
water shrew) inhabiting a small stream in Galicia, 
NW Spain . I attempt to determine whether the 
use of food may be important in influencing co­
existence among these species . Such a study re­
quires not only enumeration of species' resource 
use pattern s, but also quantification of the relative 
abundances and availabilities of the resource in 

question. 

Methods 

Study sire 

The Riobo is a small tributary (5-7 m wide) of the 
ri \'er Ulla, a major river in NW Spain flowing into 
the Atlantic Ocean (Fig. 1 ). Altitude ranges from 
150 to 20 m above sea-level. The climate of this 

Fig. I . Geographic location of the studied stream. 

~ l 
area is perhumid mesothermic according to the 
classification of Thornwaite ( 1933 ). The section 
that was studied is 3 km long, having an average 
gradient of 35 m km - 1

. The stream is fed by 
springs, and the substrate of its basin is made of 

metamorphic granite. 
Maximum and minimum water temperature are 

9 and 16 oc. Water pH ranges from 6.7 to 7.0 i 

and conductivity from 87.4 to 115.0 11ohm cm -
1

. \ 

The substrate consists mainly of stones and rocks, 
while sand predominates in pools, frequently cov-

1 

ered by vegetal detritus . The stream flows through 
a small wooded valley with scattered meadows. 
The bankside vegetation, which consists mainly 
of alder (A lnus ghainosa), willows (Salix spp) and 
ash (Fraxinus angusr((o/ia), shades the stream. 
Aquatic vegetation is scarce, consisting of mosses 
and a few umbellifers (mainly Oenamhe crocara). 

The fi sh community of Riobo consists ofbro,,·n 
trout (mean biomass; 127 kg ha -

1
) and eel (mean 

biomass: !Okgha- ' ) (Santamarina, 1991). The 
densities of dippers and grey wagtails during the 
breeding season were respectively 6 and 5 pairs 
per 10 km of stream. No data about the abun­
dance of mammals are available. 

Collection of samples 

I based dietary analyses on stomach and intesti­
nal contents of fi sh and mammals. Avian diets 
were described through analyses of faecal remain s 

and regurgitated pellets. 
Fish were collected by electro-fishing with a 

350 V DC current. I captured the desman using 
two different techniques : funnel traps and electro­
fi shing. Water shrews were captured using spring­
jaw traps baited with live worms (Lumbricus spp). 

Faecal samples of the grey wagtail and the dip­
per were collected by checking underneath roosts 
for faecal pellets. Regurgitated pellets of the dip­
per were also located by checking under roosts. 

I sampled the availability of prey in the river 
benthos using a Surber sampler (0.1 m

2
). I col­

lected 13-1 5 samples during each season studied . 
Riffles and pools were sampled separately. T a­
ble I summarizes the sampling features. 

~ 
-~ 
"" .: 
~ 
] 

" 
"' + I 

V. 

~ 
_Q 

~ 
§? 
< 
~ 
S · 

· ~ 

" 
~ 
;;: 

~ 
" 
-5 

V. 

~ 
2 
"" ·= } 

v; 

-~ 
"' ~ 

~ 

"' ·~ 
~ 

...; 

~:§ -., 
~..:;.. 

§:¥ 
2: ti 
- > 
~6 

;:: 
~ 

" ·t 
~ 

~ 
·~ 
'-

\.) 

~ 

"" g 
~ 
" <:: 

·§ 
~ 
~ 

~ 

V.-

" u -= ·= 
5 ~ eo::. 

~"(; -= ·= 5.5 
"' -

~ 

5 
·B-
~+ 
"'w 

~ ·v ­
~ + 

tr.);.;.J 

V. 

~ 
' ;:)­
g_ + 

tr.):.;,l 

~ 

~ 
'§ 

~ 
S. 
~ 
"-

~ 

ti 

= ·;::;-
g_ + 
~~ 

V. 

~ 
·~-

" ~ T 
t.il~ 

b 
.t:J ;; 
"' 

.e 
" "' 

<J 

[ 
~ 

~ 

" i5 

~ 
~ + I 
0000-.:7'00 
N - t"- r-

N M 

..,. 
I 
~ Q'> 

- N I' + t 
ooor-o 
N N ~ \0 

- -.o 

.,., 
I 

Q'> 

1 
.... Q'> .... 
N N r-

.,., 
I .,., "' 
c;.~ 
-a -

.,., 
I 

'"'"' -
.,., 

I 
--=> oe 

Cl 
V) 

+ I 

" ~ N ;:::: ·;;;..=,. 

N 

.,., 
-.o .... 

..,. 

..... 
"' 

.,., 
'"' 

0 '1>..;1 ..:: 
c..-z ~ ~ ~ ~ 

Q28 ~.3 :t 
0.. 
V) 

.... 
I ..,. 

Q'> .,., 

- + I 
Mor-o 
- N0\.\0 

N N 

.... 
I ,_., 

Q'> ..,. 

- + I 
Mer-e 
- N ...0 -

- ~ 

.... 
I + I 
~ o.r'l ..0 V'"'l 
-- .:.~ 

"' ,.!I 
.... 

I 
~;": 

.... 
I 

oc 00 
N -

~ :;;:-
oC 

.... 
I 

00 N -
.,.; 

.... 
I "' .... -

.... 
I 

oc .... 

Cl 

"' + I 

..... 
c ..... 

00 .... 
"' 

N 

"' 

.... 
3' 

~ 
"' 

~ = 

~;i~ ~ 
~o~_g .. e 
"' -

0 Si 
I + I 
0 V) M tl"' 
N - 0'> -

N N 

~ ~ 
0 ..,. 

I + t 
0 0 f""l 00 
N N '-0 0 

0 

I 

"' "' N M 

,...: 

0 

I 
r- ::: 

:~ 

c 
I 

oe -

I .,., ..... 
N 

0 
N 

J.. .... 
N 

I .,., .... 
N 

- ..,. 

Cl 

"' + I 

e­
N 

"' "' .... 

.,., 
'"' .,., 

~ 
-

0 ;::: 

z · ~ § 
~ ~ ~~ 
~~ ~5 e 
::>-~-JO.. 

< 

-.o 
I + I 

OOMOOM 
- Q'> 

r> 
I ..,. 

..... 

oO .... - "' I + I 
- oo-.o~ 

-- ~g; 

N 
I ..,. 
. + I 

oc V'"'l -..::::1 ..,. 
-0 Q'> - ..... 

2 
I 

- c 
: ~ 

"' I .,., 
:::-
,.!..,., 
..: 

I - ..... 
N 

-
N 

I 
oe r-

N 
I 

00 oc 

Cl 

"' + I 

" ~ .~ ~ 
~n ,:. 

;e 
"' 

0 
;:!; 

"' ..... .,., 

~ 

..... 
0 

O::: '*= ..s:!..:: 

~~!Jg 
:;l: 

0:: 
"' "' I 
00 
00 

"' 
0 
~ 

T 
~ -o 
i­
-o 
"" 
:: . 

·~ 
·~ 
-::> 

'2 

1 
Ci 
"' 
V. 

" ·~ 
·= 
+ 

g 
:: 

~ 
+ 
~ 

177 



178 

Analysis of samples 

For availability samples, I identified invertebrates 
to family and calculated the volume of each family 
by immersion in water using a 5 cc graduated 
cylinder. 

I placed dietary samples in a Petri disk and 
examined them microscopically at magnification 
I 0-40. I estimated the number of prey consumed 
by counting calcareous or chitinous body parts . 
Body parts were obtained from the gut of organ­
isms, pellets or faecal samples. 

I identified Oligochaeta by chaeta. To have a 
standard reference for the number of chaetae 
per individual, an oligochaete was semidigested 
using HCI and the number of recognizable cha­
etae was counted at40 x . Then I divided the total 
number of chaetae in a dietary sample by this 
number to derive the number of Oligochaeta in 
the sample. 

t-l ollu scs were identified by their shells or oper­
cul a and crustaceans by chitinous body pans (in 
Gammaridae typically antenna! bases). I identi­
fied most in sect larvae (Ephemeroptera, Plecop­
tera. Odonata, Trichoptera, Diptera) by counting 
the number of mandibles in a dietary sample. but 
Odonata were identified to family using the la­
bium, and I used cephalic capsules for Hemiptera 
and some Diptera (Chironomidae, Tipulidae). 
Caddisfty pupae were identified by mandibles but 
dipteran pupae and in sect imagines by their tho­
rax and wings. I examined body remains to con­
firm identifications based only on body pans . 

Depending on the taxon. I used different body 
part s to classify terrestri al prey: Gasteropoda 
-radula; Myriapoda, Isopoda-scleritis; Hy­
menoptera. Orthoptera-mandibles ; Diptera. Hy­
menoptera ... -wings; Coleoptera-el)1ra. \'erte­
brates were detected by their bones, and tadpoles 
by remains of the labium. 

To obtain a more accurate measure of the en­
ergetic importance of prey I reconstructed prey 
volumes from body part size-prey size regres sions 
(Table 2). For each family of aquatic prey, spec­
imens collected in Surber samples were classified 
according to the size of a body part. Then. the 
volume of each group was calculated by immer-

--------------------------w--------

si on and I regressed average volume of the spec­
imens against body part size. 

For the remaining prey I reconstructed vol­
umes using formulae to get volumes for objects of 
similar shape. To estimate the size ofOligochaeta 
I arbitrarily separated specimens into 4 volume 
classes and reconstructed volumes based on av­
erage chaetae size of the basic classes. 

Prey th at did not have calcareous or chitinous 
body parts may have been underestimated in my 
analyses (e.g. smaller Oligochaeta, Achaeta, eggs 
and small fishes). If this bias was strong, then 
easily digestible prey would have been common in 
the stomach s than in the intestines. Thi s was not 
the case, and there were neither significant differ­
ences between the contents of stomachs and in­
testines nor between the contents of faecal and 
those of regurgitated pellets for dipper (Wilcoxon 
test, all p> 0.05). 

Analyses of data 

For each seasonal sample, I expressed availabil­
ity and dietary data in numerical and volumetric 
percentages. Prey items comprising less th an 2 ~~ 
of both, volumetric and numerical percentage, 
were deleted from tables. Prey selection by num­
ber was quantified using the index (C) of Pearre 
( 1982). I used thi s index to compare aquatic prey 
in diet of predators to the abundance of prey from 
benthic samples. This ranges from -I (complete 
avoid ance) to + I (complete selection). This index 
is neither linear nor stable (Lechowicz, 1982; for 
a discussion of these properties). Because of th is 
behaviour I classified values of C as follows: val­
ues < 0 with a significant p < 0.0 1, negat ive se­
lection; 0- 0.2 no selection or weak positive se­
lection, 0.2-0.4 moderate positive selection. > 0.4 
strong positive selection . 

Diet overlap was quantified using Schoener·s 
index (Schoener, 1968): 

n 

R0 = 1 - 0.5 L [Pij - PJJ) ] , 
; - I 

where Pij and PJJ are the volumetric percentages 
in both diets of the jth food item. These food 

1 

! 
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Table 2 . Regression between body part size and volume of invertebrate individuals. 

n: n umber of determinations. m: slope. b: Y axis interception point. SO: standard deviation. R2: determination coefficient. Significance level s: p<O.Ol. 

EPHEMEROPTERA 
£phen1~n·dae 

Heplageniidae 
Baeridae 
Ephemerellidae 

PLECOPTERA 
Nemouridoe 
Leucrn·dae 
1\'emouridaejLeucrndae 

OOONATA 
Aesc/midae 

Cordu!egasrridae 
Gomphidae 
Ca/op~errgidae 

H EM IPTERA 
Aphelocheiridae 

TRICHOPTERA 
Hydropsychidae 
Rhyacophilidae 
Phi/opOia111idae 
Po(1·cenTropodidae 
LepidosTOnwtidae 
Limnephilidoe 
Sericosrontatidae 

O IPTE RA 
Tiplt!idae 
Simuliidae 
ChirmtoJJiidae 
Alhen"cidae 

l og(y)=m Log(x)-b 

(x ) w.m. : width of righ t mandible. 
l.m. : length of right mandible. 
1.1.: length of labium. 
I.e. : length of cephalic capsule. 
w.c.: \\'idth of cephalic capsule. 
t.l.: total length. 

(y) Volume/specimen . 

Variable (x) 

w.m. 

w.m. 
w.m . 

w.m. 

l.m. 
I. m. 
I. m. 

1.1. 
1.1. 
1.1. 
1.1. 

I.e. 

I. m. 
I. m. 
I. m. 
I. m. 
I. m. 
I. m. 
I. m. 

I.e. 
w.c. 
\\ '.C. 

t.l. 

items corresponded to the taxa; Family for 
aquatic prey, Order for terrestrial prey, and Sub­
class in annelid s. Values lower than 0.3 were con-

" 

10 
10 
10 
10 

6 
6 

12 

10 
10 
8 
8 

10 

10 
10 
10 
10 
10 
10 
10 

20 
20 
10 

m so 

2. 79 ± 0.27 
3. 11 ± 0.23 
3. 16 ± 0.45 
2.85 ± 0.44 

2.80 ± 0.06 
1.04 ± 0.44 
1.56 ± 0.75 

2.31±0. 15 
2.06 ± 0.31 
2.94 ± 0.49 
3.55 ± 0.68 

1.55 ± 0.34 

3. 17 ±0. 16 
3.80 ± 2.13 
2.08 ± 0.43 
2.68 ± 0.77 
2.76 ± 0.60 
2. 74 ± 0.48 
2.97 ± 0.50 

3.32 ±I. I! 
3.53 ± 0.1 9 
3.83 ± 0.37 
2.03 ± 0.18 

b so R' 

-1.16±0.06 0.97 
- 0.80± 0.1 2 0.97 
-0.73 ± 0.11 0.94 
- 1.1 9±0.1 3 0.88 

-0.60 ± 0.01 0.99 
- 1.90 ± 0.09 0.85 
- 1.49±0.27 0.52 

-0.88 ± 0.04 0.99 
- 1.48 ± 0.26 0.96 
-0.95 ± 0.19 0.90 
-1.37±0. 17 0.90 

- 1.92±0.16 0.95 

-1 .05±0.08 0.98 
- 0. 75 ± 0.34 0.44 
-1.47 ± 0. 19 0.86 
-1.50±0.17 0.75 
-0.66 ± 0. 16 o.ss 
-0.48 ± 0.12 0.87 
- 0.85 ± 0.10 0.90 

-4.01 ± 0.24 0.90 
- 1.85 ± 0.08 0.79 
- 1.57 ± 0.07 0.58 
- 2.37 + 0.05 0.99 

sidered low overlap, between 0.3-0.6 moderate 
and between 0.6-1.0 high overlap. 

To es timate niche breadth I used Levins' index 
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(Levins, 1968): 

B = 1/ L P1, 
; ... I 

where P; is the percentage in the diet of each food 
item. 

Results 

I will describe seasonal changes in prey availabil­
ity and diets based on volumetric data because 
they are more representative of the energy in the 
system. Prey selection based on numerical data 
will also be described. 

Surber samples (Bemhos) 

The composition of the benthos showed no sig­
nificant correlations {Spearman's r all p's> 0.05) 
between ]otic and lentic zones. Consequently, 
these results are presented separately. 

In riffles, hydrobiid snai ls (Polamop)'l'gus jen­
kinsi) represented close to a quarter of the total 
seasonal volume (T able 3, Fig. 2) . Gammarid 
amphipods were especially abundant in autumn. 
Among mayflies , baetids (Bae1is) , ephemerellids 
(Ephemerella) and heptageniids, were abundant 
or common. So were hydropsychid (H vdropsyche) 
or rhyacophilids (Rhyacaphila) caddisflies. Drag­
onflies, particularly corduLegasterids ( Cordule­
gasrer sp.). aeschnids (Boyeria irene) and go­
mphids, reached some volumetric importance in 
summer and spring. 

In pools, the volumetric proportion of hydro­
biid s was lower than in riffles. Gammarids were 
of minor importance, whereas Oligochaeta were 
sometimes abundant. In this habitat , the only 
common mayfly was Ephemera (ephemerid ). but 
in spring and summer this genus dominated 
benthic samples . Cordu/egas1er was always com­
mon and, on occasion, abundant. The caddisflies 
present in pools differed from those in riffles : seri­
costomatids, lepidostomatids and limnephilid s 
were the most abundant. 

·-..-----

Dietary data 

Pyrenean desman Galemys pyrenaicus 

The number of specimens captured was very 10\v 
because this species is protected by Spanish law 
{specimens captured under permit). I was unable 
to obtain specimens during spring. In summer the 
desman consumed mainly Sericostomatidae and 
Ephemera (Table 3, Fig. 2), whereas during au­
tumn it preyed upon Gammaridae, Lumbricidae, 
Philopotamidae and Tipulidae. The winter diet of 
the desman \\'as dominated by caddisflies: Seri­
costomatidae. Limnephilidae, Lepidostomatid ae 
and Hydropsychidae. 

The desman exhibited a moderate positive se­
lection for Sericostomatidae and Ephemera in 
summer, for Philopotamidae and Simuliidae in 
autumn, and for Simuliidae in winter (Table -l ). 
The desman exhibited negative selec tion for H y­
drobiidae, Elmidae and Chironomidae in all sea­
sons examined . They also avoided Ephemerel­
lidae (autumn) and Leptoceridae (winter). 

Miller 's warer shre11 · Neomys anomalus 

Water shrews were only captured during winter. 
They fed mainly on terrestrial Gasteropoda and 
Oligochaeta {both aquatic and terrestrial ). ho,,·_ 
ever they also consumed aquatic prey (Tipulidae, 
Gammaridae) (T ab le 3). 

Among aquatic prey, the water shrew exhibited 
a weak positi\'e selection for Tipulidae, Simuli­
idae, Gammaridae, Dixidae and Oligochaeta 
(most of these were probably captured outside the 
water). \\'ater shrews avoided Hydrobiidae. mo st 
caddisflies. Elmidae and Chironomidae. 

Dipper Cinclus cinclus 

During spring and summer the dipper fed mainly 
on Hydropsychidae and other caddisflies (Lim­
nephilidae, Goeridae, Sericostomatidae, Rhra­
cophi/a), dragonflies (Cordu/egas1er) and mayflies 
(Ephemerella) (Table 3, Fig. 2). The diet in au­
tumn consisted mainly of hydrobiid snai ls and 
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0 S.rlcootomolldoo 

Ocordulogootrldoo 

IIJ Ephomorldoo 
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Fig. 2. Seasonal relative composition in volume of diets and benthos. On the right of the figures prey types are indicated in an 
orderly \\'ay (symbols as in Table 3). Spring data of adult trout (age > 0 +)are included in the juvenile figure (most specimens 
ha\'e reached I+ age recently) to show the evolution of the diet of juveniles. For insects I: imagines; P: pupae; no indication : larval stages. 
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Table 3 (A. B. C. D). Seasonal relative composition of diets and availability in benthos: ( % N) number, ( % V) volume. The niche Table 3(B). 

breadth values (B. Levins' index) are also indicated . 
For insects 1: imagines. P: pupae, L: larvae. No indication refers to larval stages (except Hemiptera and Orthoptera). SUMMER Benthos Benthos G. pyrenaicus C. cinclus 1\1. cinerea S. trutta S. mma !mic lentic A. anguil/a 

SPRING Benthos !otic Benthos lentic C. cinclus M. cinerea S. trutta A. anguilla ------ (juvenile) (adult) 

%N %V %N %V %N ---- ---- ----
%N ~~ V ~~ N %V %N o{. V %N ~ov % N %V o~ N %V %V ~~ N % V ~~ N ~~ V i oN / oV ~oN ~o V /oN 

MOLLUSCA 
% V 

MOLLUSCA Sphaeriidae - - I 2 
Sphaeriidae - - 2 2 - - - - - - - Hydrobiidae 9 5 32 9 
Hydrobiidae 34 26 40 6 2 I - - 18 12 - - OLIGOCHAETA - - - j j 3 I 5 0 - 4 2 

CRUSTACEA 
- - - - - -ACHAETA 0 3 - - - - - - - - - - - - - 4 27 

OLIGOCHAETA 2 I 9 3 - - - - - 2 20 Gammaridae 13 5 3 0 2 0 
CRUST ACEA EPHEMEROPTERA (I) 4 . - - L 2 2 I 25 - - - - -

Gannnaridae 13 12 3 I - 4 3 - - 8 3 Ephemeridae 0 
- - - - 2 2 7 43 35 29 

Heptageniidae - - - -EPHEMEROPTERA (I) - - - - - - - 2 4 - - I - - 8 27 31 38 I - - 4 2 2 1 Ephemeridae - - 5 28 - - - - I 3 3 3 Baetidae - - 4 7 -13 4 2 0 2 0 12 3 Heptageniidae 0 I 2 4 Ephemerellidae 13 3 51 ~8 2 0 - - - - - - - 8 5 4 I 2 0 25 9 9 Baetidae 10 7 - 20 4 16 5 15 9 10 I PLECOPTERA 3 3 3 - 2 0 
Ephemerellidae 17 22 I I 20 8 6 4 9 8 18 4 Nemouridae/Leuctridae 2 I I 0 

PLECOPTERA ODONATA 
- - 6 2 - -

Nemouridae(Leuctridae - - - - 4 3 2 2 3 0 Aes~hnidae 0 9 
ODONATA Cordulegastridae 0 17 I 19 3 11 1 

Gomphidae 18 2 20 .-\eschnidae - - - I 5 - - - - - - 0 3 0 
- - - - I 4 4 I 3 0 3 Cordulegastridae 0 I I 25 I 8 - - 0 6 0 2 COLEOPTERA (I) - -

Gomphidae 0 6 - - - - - - - - - Elmidae (L + I) 18 5 19 
Calopterygidae - - - - I 3 - - - 4 7 TRICHOPTERA (P) I 11 

COLEOPTERA TRICHOPTERA (I ) - - - - - 5 10 - - - - - 7 Elmidae (L + I) 11 4 22 2 - 4 0 - - - - Rhyacophilidae - 18 0 2 10 
H,·dropsychidae 

2 2 5 7 - - 6 TRICHOPTERA (P) 0 I - - - - 2 6 - 7 10 ~ 3 5 2 
TRICHOPTERA (I) Philoptamidae 

10 4 13 23 2 4 I ~ - - - - - - 6 23 - - - - I 2 - - 4 I 
Rh,·acophilidae 0 2 - - I 2 I 3 I 2 4 :! Brachycentridae - - - - 6 H ydropsychidae I 7 - - 27 38 I 2 2 4 - - Limnephilidae - - 0 I - - 0 2 0 Philoptamidae - - - - - - 2 2 2 3 - - Goeridae - - -
Limnephilidae - - I 8 I 9 0 4 0 4 2 10 Lepidostomatidae - 4 4 
G oeridae 0 I - - 10 6 - - - - - - Sericostomatidae I 3 3 7 30 45 
Sericostomatidae 0 I 6 22 4 7 - - - - 7 s DIPTERA - - I :! 14 I~ 

DIPTERA Tipulidae -
Tipulidae 0 9 Simuliidae - 0 3 2 12 - - - - 14 4 I 0 - - 6 I 18 2 Simuliidae 3 I I 0 3 0 5 I 1' I Chironomidae 6 ~ _ j 9 I 15 I 
Chironomidae (L- P) ~ I 6 0 - 16 3 5 0 AMP HIBIA - - - 12 5 - - 5 0 - - - 0 

A~!PHIB IA 

TERRESTRIAL PREY 
TERRESTRIAL PREY ARANEAE 

~-!YRIAPODA - - - - - 0 4 I 3 HEI\·!!PTERA 
HE!v!IPTERA - - - - - 2 4 - - - - HYM ENOPTERA (! ) - - - - I - - - - - - 5 2 2 LEPIDOPTERA (L) - - - - - 0 3 - DIPTERA (! ) I 2 4 58 37 - - - - - - - 15 7 HYMENOPTERA (! ) - - - 5 2 - - - - - COLEOPTERA (L) - - 3 2 - - - - - - 4 DIPTERA (I) - - - - - 3~ 24 7 6 - - COLEOPTERA (!) 2 - - -- - - -
COLEOPTERA (I ) 

- - - - 9 6 - - - - - - 9 15 2 3 - - - - I 2 

------
B 9 12 

---
6 4 4 3 9 9 10 B 5 7 4 5 6 5 6 7 9 18 9 10 9 3 4 j 5 '\ 4 
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TableJ(C). Tab/e3 (D). 

----
AUTUMN Benthos Benthos G. pyrena;cus C. cinclus M . cinerea S. tn.JtiO A. anguil/a WINTER Benthos Benthos !otic lentic (adult ) G. pyrenaicus N. anoma/us C. cinclus S. truua S. 1nma !otic lentic 

---- Uuvenile) (adult) 
%N %V %N %V % N ~o V ~o N %V % N %V ~~ N % V %N ~~ V %N %V ---- ---%N %V %N %V %N ~~ V %N ~o V % N \ V ~~ N ~o V MOLLU SCA MOLL U SCA 

Hydrobiidae 17 20 33 15 - - 54 41 - - 46 23 - - Sphaeriidae - - 2 OLIGOCHAETA - - 3 15 1 19 - - - - - - 4 59 Hydrobiidae 26 28 16 -CRU STACEA ACHAETA - - - - 11 9 36 35 - - - - I 3 Gammaridae 34 42 3 I 32 21 - 11 7 - - 7 I OLIGOCHAETA - -I 2 4 2 0 4 5 23 EPHEMEROPTERA CR U STACEA 
Ephemeridae - - 3 2 - - - - - - - - - - Gammaridae 4 6 3 3 4 ' 10 Heptageniid ae 5 7 - - 4 3 I 2 - - - - - - EPHEM EROPTERA - j - - 15 
Baetid ae 13 6 - - 11 3 23 20 9 4 3 I - - Ephemerid ae - -Ephemerellid ae 7 2 2 0 - - - - - - Heptageniid ac 7 12 PLECOPTERA (1) - - - - - - - 6 5 - - - - Baetidae 14 10 - - 10 N emouridae Leuctridae 9 5 3 2 6 4 - - 11 7 - - 3 I Ephemerellidae 

j .) I 31 11 0 .) 7 6 9 2 - - - -ODONATA Leptophlebiid ae - - 9 3 
Cordulegastridae - - 1 37 - - - - - I 10 PLECOPTERA 
Gomphidae 0 5 - - - - - - - - - - - Nemouridae/Leuctrid ae 

COLEOPTERA (I) - - - - - - - 2 3 - - - - ODONATA 
, l 1 I 14 7 4 

Elmidae (L + I) 7 3 3 0 - - - - - - - - - - Cordulegastridae - - 0 I5 - -TRICHOPTERA (! ) - - - - - - - - 13 33 - - - - ~-IEGALOPTERA - - 1 13 
Rhyacophilidae I 1 - - 1 3 3 10 - - - - - - Sialidae 
H ydropsychidae I 5 - - 2 2 4 6 - - - - 2 I COLEOPTERA 
Philoptamidae - - - - 18 17 - - - - 2 1 52 & Elmidae (L + I) 12 2 ' I 0 Limnephilidae - - 3 8 1 3 - - - -1 23 3 TRICHOPTERA (P) 
Goerid ae - - - - - - - - - -1 4 - - TRICHOPTERA (! ) - - - 2 2 Lepidostomatidae - - 8 5 - - - - - - - - - - Rhyacophilidae 1 2 0 2 2 4 Leptoceridae 1 0 3 1 - - - - - - - - - - G1ossosomatidae 4 1 - - -Sericostamatidae - - 6 5 2 2 1 4 - - - - 3 I Hydropsychidae 4 I6 - - !0 I DIPTERA Philoptamidae - - 12 14 I 2 - - 5 3 Tipulidae - - - I 9 0 7 I I 2 0 4 2 11 Limnephilidae - - - - 6 3 4 0 I 2 8 5 16 Dixidae - - - - - 10 1 - - - - Goerid ae - - 3 21 

10 0 - - - - - - 12 Simul iidae 2 I I 0 14 2 3 I 2 0 3 I Lepidostomatidae 9 - - 17 15 18 13 Chironomidae I I 23 4 2 0 - - - - 5 0 5 0 Leptoceridae - - 17 6 -Athericidae - - 2 2 - - - - - - - - - Sericosto matid ae - - - - 2 I I I 7 17 !I 17 DIPTERA - - 4 6 3 10 
TERRESTRIAL PREY BRAC HYC ERA 

G ASTEROPODA - - - - - - - - - - - - I 3 Tipulidae 
MYRIAPODA - - - I 3 - - Di.xid ae 

- - - 3 14 - - I 14 - - - - - - -
0 9 8 11 - - - - - - 2 0 HEMIPTERA - - - - - - - - - - - Simuliidae 4 I - - 12 2 7 I LEPIDOPTERA (L) - - - - - - - - I !I - Chironomidae (L + P) 5 I 24 , 

HYMENOPTERA (I ) - - - - - - - 4 3 2 2 - - - - - 5 0 - - 18 3 22 
-

D!PTERA (I) - - - - - - - - 15 10 6 2 - - TERRESTRIAL PREY 
COLEOPTERA (I) - - - - - - - - 6 6 - - - - GASTEROPODA - - - - - 4 40 ~IYRIAPODA 

A.RA N EAE - - - 3 B 6 4 6 5 6 8 3 4 10 6 4 7 3 3 HEMIPTERA - 2 - - - - - - 26 2 COLEOPTERA (L) - - - - - - 5 2 
baetid mayflies, whereas in winter it was domi- The dipper exhibited strong positive selection 

COLEOPTERA (I) 

nated by Limnephilidae, Hydropsychidae, Cord- for Hydropsychidae in spring and moderate pos-
u/egaster and Baeris. itive selection for Goeridae and Baetis (summer B 8 I 7 ' I! I! 10 4 6 9 12 16 
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Table 4. Seasonal prey selection (Pearre index) in relation to availability in benthos. All values have a significance level p < O.Ol , 
except those indicated with • (p<O.OS). Only taxa with the highest and lowest values are shown for each species and season. 

SPRING 

C. tine/us 

0.46 Hyd ropsychidac: 
0.:!8 Goeridac: 
0.:!1 Baetidae 
0.1 I Ephemcrellidae 
0.07 Rhyacophilidac 
0.06 Aeschnidae 

- 0.06 Ephemcridae 
- 0.07 Sirnul iida c: 
- 0.10 OLIGOCHAETA 
- 0.10 Chironomidae 
-0.15 Gammaridac 
- 0.19 Elmidai! 
- 0.23 Hydrobiidae 

Sl1~1MER 

G. P.1u11aicus 

0.36 Sericostomatidae 
0.~3 Ephemeridae 
0.09 Hept3~eniid3e 

0.06 Cordulegamidae 
0.06 Philopotamidae 
0.05• Hydropsych1dae 

- 0.05•Umnephilidae 
- 0.05"Goeridae 
- u.(l5 "Gammaridae 
- 0.06 Sirnuliidae 
- O.u7 Ch1 ronomidae 
- 0.09 Hvd robiidae 
- 0.09 Eimidae 

ALTIMK 

G. p_l"rt'naictt5 

0 .~ 8 Ph ilopotamidae 
0 . .:6 Simuliidae 
O.J .l Gammaridae 
0.0- Baetidae 
0.(16 Tipulidac 
0.(~ H~drops~.:-h idac 

- O.Utl Leptoceridar 
- 0.10 Lepidostomatidae 
- 0.10 Ephemerellidae 
- 0.11 Elmidae 
- 0.1: Ch1ronomid3e 
- 0.:6 H~drobiidae 

\\"Jl'TE R 

G. p_rrmaicus 

0 . .: 1 Simuliidae 
0.19 H~drosp~chid3e 

0.1 6 Philopot3midae 
0.11 Scncos tomatidae 
0.11 Limnephilidae 
0.10 Lepidostomatidae 

- O.();' OLIGOCHAETA 
- 0.07 Ephemerellidae 
- 0.08 Elmidae 
- 0.11 Leptocerid3e 
- 0.15 Ch1ronomid3e 
- 0.18 Hydrobiidae 

M.cintrta 

0. 15 PLECOPTERA 
0.11 Baetidac 
0.11 Philopotamidae 
0.05 Rhyacophilidae 

- 0.04•Sericostomatidae 
- 0.05• Ephcmcrellidae 
- 0.05•G.ammaridae 
- 0.06 OLIGOCHAETA 
- 0.07 Chironomidae 
- O.OS Elmidae 
- 0.:!3 Hydrobiidae 

C. c-mcluJ 

0.~ 8 Ephcmercllidac 
0.~0 Brach,cenuidae 
0.16 Hydr~psych idae 
O.l.l Rhyacophilidae 
0.1 J PLECO PTERA 
0.09 Hept:li!Cniidae 

-0.06 OLIGOCHAETA 
- O.ot> lepidostomat idae 
- 0.09 Ephemeridae 
- 0.09 Gammaridae 
- 0.:!0 Hydrobiidae 
- O.:'.l Elmidae 

C. cmc-/us 

O . .l:! Hvdrobiidae 
0.~5 B~etid ae 
0.1.::! Hydropsychidae 
0.10 Rh~acophilidae 
0.(16 Br:~ch ,ccntridac 

o .n~·S imu1;i d::ae 

- 0.1(1 Lepidos1oma1idae 
- 0.10 Ephemerellidae 
- 0.1 1 Elm id :le 
- 0. 0! PLECOPTERA 
- 0.1- Chironomidae 
- o.: J Gamm:1ridae 

1\ ". anomulu.{ 

0.1 - Tipulidae 
0.15 Simuliidae 
0.1 5 Gammaridae 
O.l.l Oixidac 
0.07 OLI GOCHAET A 

- 0.08 Ephemercllidae 
- 0.08 Sericostomatidae 
- 0. 10 Elmidae 
-0.10 Chironomidae 
- 0.13 Leptoceridae 
- 0.!3 Lepidostomatidae 
- 0 . .:0 Hydrobid::ae 

S.lnilla 

0.22 Chi ronomidae 
0.20 Bactidae 
0.13 Philopotarnidae 
0.12 Hcptageniidae 
0.10 Simuliidac 
0.09 PLECOPTERA 

- 0.04 Sphaeriidae 
- 0.04•Brachycent ridae 
-0.08 Sericostomatidae 
-0.11 OLIGOCHAETA 
- 0.15 Hydrobiidae 
-0. 18 Gammaridae 
- 0.:!2 Elmidae 

M. cintrta 

0.12 Tipulidae 
0.09 Simul iidae 
0.07 Calopte ryg1dae 
0.05•Baetidae 
0.05 Cordu legastridae 

- 0.04• Ephemeridae 
-0.09 Gamm.aridae 
-0.10 Chi ronomidae 
-0. 13 H,·drobiidae 
- 0.13 Elmidae 

M . cinn~a 

0.30 Oixidae 
0.15 PLECOPTERA 
0.10 Tipulidae 

- 0.06 Gammandae 
- 0.07 Lepidostoma tidae 
- 0.07 Ephemerellidae 
- 0.08 Elm id :le 
- 0.13 Ch ironomidae 
-0.20 Hydrobiid.:Je 

C. cinclu.f 

0.36 Bartidae 
0.29 Gocridae 
0.23 PLECOPTERA 
0.23 Hydrops~ chidae 
0.11 Ephemcrellid ae 
0.11 Rhyacophilidae 

-0.09 OLIGOCHAETA 
- 0.11 Gammaridae 
- 0. 14 Elmidae 
-0.19 Leptoceridae 
- 0.19 Lcpidos tomat idae 
- 0.25 Chironomidac 
- 0.29 Hydrobiidae 

A.anguilla 

0.32 Simulliidae 
0. 17 Calopterygidae 
0.16 Rhyacophilidac 
0.12 PLECOPTERA 
0.09 Sericos tomatidae 
0.09 Limnephilid ae 

- 0.1:! Elmidae 
-0.22 Hydrobiidae 

S . rnma 0+ 

0.40 Baetidae 
0. 12 Heptage niidae 
0. 12 Rhyacophilidac 
0. 11 Goeridae 

- 0.05• Ephemeridac 
- 0.08 Gammaridae 
- 0.11 H\'drobiidae 
- 0.15 Eimidae 

S . mma 

0 . .::!8 H,·drobiidac 
0.17 G~rid:1c 
0.11 Philopotamidae 
0.09 Limnephi1idac: 
0.05 Simulitd.ac 

- 0.10 Sericostomatidae 
- 0.11 Lcpidostomatidae 
- 0.12 Ephcmerc llidac 
- 0. 13 Elmidae 
-0.15 PLECOPTERA 
- 0.27 G.amma rid3c 

S . mmoO• 

0.18 Gammaridae 
0.17 Philopotamidae 
0.1.2 Leptophlebiidae 

- 0.05•Lepidostom3tidae 
- 0.06 Elmidae 
- 0.06 Leptocc ridae 

S . /rut/•1 > 0- A. anguilla 

O. IJ Ephemerid ae O.r Ephemeridae 
0.09 Sericostomatidac: 0.2.l Sericostomatidae 
0.07 Rh~ acophilidae 0.15 Gamm::aridae 
0.05 Limnephilidae 0.06 OLI GOCHAEH 

- 0.13 Baetidac - 0.05 "Chironomidae 
-O.I.l G.ammaridae - 0.06 Hydropsychidae 
-0.18 Ephcmercllid:le - 0.09 Banidae 
- 0 . .21 Simuliidae - 0.09Si muliid ae 
- 0.:!:! H \"drobiidae - 0.09 Hydrobiidae 
- O.:!J Chi ronomidae - 0.1: Elmidae 
- 0.31 Elmida e 

A. (111/[ltilla 

0. 7.:! Philopot.amidae 
0. 13 Simuliidae 
0. 10 Sialidae 
0.1 0 Tipuhdae 
O.O; OLIGOCH.,ET A 

- 0.05 Elnudae 
- 0.06 8 3et idae 
- 0.07 Gammarid ae 
- 0. 13 H~ drobiidar: 

S . tnma >0.,. 

0 . .21 H ~·drobiid3e 
O.IJ PhiiCipotamid ae 
0.11 PLECOPTERA 
0.11 Chironomid:1e 
0.05 Rhy:1cophi lidae 
0.05"H eptageniid ::~.e 

-0.10 OLIGOCHAETA 
- 0.11 Sericostomatidae 
-0.12 Ephemerellidae 
-0.15 Elmidae 
- 0.~0 Leptoceridae 
- 0 . .::!0 Lepidostom:ltidae 
-0.15 Elmidae 

and winter), Ephemerella and Brachycentridae 
(autumn), and Nemouridae/Leuctridae and Hy­
dropsychidae (winter). The dipper typically ex­
hibited negative selection for elmid beetles, gam­
marid arnphipods, chironomid dipterans and 
hydrobiid snails (except in autumn) (Table 4). 

Grey wagrail Motacilla cinerea 

The grey wagtail consumed both terrestrial and 
aquatic prey, and its diet was dominated by 
winged insects of aquatic origin . In spring grey 
wagtail s consumed mainly winged insects, with 
dipterans, caddisflies and beetles comprising most 
of the volume (Table 3, Fig. 2). The importance of 
aquatic prey increased in summer, when they fed 
mostly on larvae of Cordulegasrer and Tipulidae, 
and imagines of caddisflies, dragonflies and 
dipterans. During autumn, the diet was domi­
nated by imagines of caddisflies and dipterans, 
tipulid larvae, stoneflies and gammarids. 

Among aquatic prey, the grey wagtail showed 
moderate positive selection for Dixidae (autumn) 
and weak positive selection for Baetis (spring), 
Nemouridae/Leuctridae (spring and autumn), 
Tipulidae (summer and autumn) and dragonflies 
(summer) (Table 4). The grey wagtail generally 
avoided Hydrobiidae, Elmidae, Chironomidae, 
Leptoceridae (only autumn) and Lepidostoma­
tidae (only autumn). 

Br01m rrour Salmo trutta 

The trout fed on a wide range of prey, including 
benthic invertebrates, emergent pupae and terres­
trial prey (Table 3, Fig. 2). I separated data for 
0 + and older trout, mostly I + and 2 + , because 
the diets of these age classes were not signifi­
cantly correlated (Spearman's r all p's> 0.05). 

During spring, Hydrobiidae. Baeris , Ephemer­
el/a. Cordulegasrer, winged dipterans and caddis­
fly pupae were the most abundant prey in the diet 
of trouts . During summer, almost half of 0 + 
trout's diet was comprised of Baetis, whereas 
older trout fed mainly on winged hymenoptera 
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(primarily ants), Ephemera and emerging caddis­
flies . In autumn, adults consumed increasing 
amounts of Hydrobiidae and Limnephilidae, but 
terrestrial prey still were important to the diet. 
During winter, the diet of juveniles was broader 
than in summer. During this season the diet of 
adults differed from that of juveniles by the greater 
proportion of Hydrobiids gasteropds consumed 
by older trouts . 

Considering aquatic taxa, adult trout exhibited 
moderate positive selection for Chironomidae and 
Baetis in spring, and for Hydrobiidae in autumn 
and winter. Juvenile trout exhibited strong posi­
tive selection for Baeris in summer but weak pos­
itive selections in winter. Juvenile and adult 
classes showed negative selection during all sea­
sons for Elmidae, and they generally avoided 
Ephemerella and Lepidostomatidae, whereas 
most other prey changed from positive to negative 
selection depending on the season (Table 4). 

Eel Anguilla anguilla 

The diet of the eel was composed primarily of 
benthic invertebrates . During spring they fed on 
Lumbricidae, tadpoles , Limnephilidae, Tipulidae, 
Sericostomatidae and dragonflies, whereas in 
summer Ephemera, Lumbricidae and Sericosto­
matidae dominated th e diet. In autumn Lumbri­
cidae comprised more th an half of the ingested 
volume. The specimens captured in winter had no 
prey in either their stomachs or intestines. 

The eel exhibited strong positive selection for 
Philopotamidae in autumn , and moderate posi­
tive selection for Simuliidae in spring, and for 
Elphemera and Sericostomatidae in summer. Eels 
typically avoided Hydrobiidae and Elmidae in all 
seasons. 

Prey size 

Numerical prey availability samples were typi­
cally dominated by small invertebrates < 0.005 ml 
(Fig. 3). Most predators , however, generally con­
sumed larger prey. 
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~ S. trutta 0+ c::J S. trutta > 0+ - A. anguilla 
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Fig. 3. Relative numeric composition of three prey size classes 
(benthos and diet s). The size classes are as follow: small 
(,·olume < 0.005 ml ), medium (0.005-0.02 ml), and large 
(0.02- 0.1 ml). 

Juvenile trout were the unique individuals with 
a prey size distribution close to the available, and 
in summer they consumed a little higher propor­
tion of small sized prey than available. Adult 
trout, eel, desmans and dippers preyed on higher 
percentages of medium or large sizes of prey 
(0.005-0.02 and 0.02-0.1 ml respectively) than 
available. Therefore, except for juvenile trouts , 
prey size plays an important role in prey selection, 
but it may be meaningless for resource partition­
ing unless taxonomic composition is considered. 

Niche breadth 

Juvenile and adult trout had the widest niche 
breadths (Fig. 4), but as it was not possible to 
take prey identification s to species, the results are 
not very revealing. 

Niche overlap 

Niche overlap values based on volumetric data 
indicated that most overlaps were from low to 
intermediate (Table 5). These values generally 
fluctuated seasonally but no general patterns were 
observed. Slighter higher values between several 
species (trout, eel, desman ) in summer were at­
tributable to the high relative abundance of Eph­
emeridae available in this season. 

The species exhibiting the highest overlap were 
the desman and the eel (Schoener index 0.54 in 
summer and 0.47 in autumn ). During summer the 
diet of juvenile trout was closer to other species 
(dipper) th an to the adult of the same species. 

In spite of low overlaps. the identification only 
to order of terrestrial and \\·inged prey may have 
overestimated values between adult trout, water 
shrew and grey wagtail. 

Discussion 

The community described in this paper commonly 
occurs in other rivers of NW Spain (Santamari­
na, 1991 ). In Riobo, fish coexist with mammals 
and bird s, and all species are dependent upon a 
similar food resource. 
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Niche breath (B) 
20 .-----------------------------------, 

15 

S. trutta 0• 

--1-- S. trutta •0• 

·*- A. angullla 

--8- C. clnclua 

~ M. cinerea 

-0- G. py renaicu a 

5 

* 
O L_------~--------~----~~ 

Spring Summer Autumn Winter 
Fig. 4. Seasonal variat ion of niche breadth (Levins' index; volumetric data). 

Table 5. Seasonal niche overlaps of diet s (Schoener index; volumetric data) 

SPRING SUMMER 

AUTUMN WINTER 

1 
0.28 C. cinclus 
0.32 0.20 M. cinerea 
0.20 0.38 0.20 jS. trutta: 
0.47 0.14 0.19 I 0.14 lA 

Most of the predators consumed prey captured 
in the water; brown trout, eel , dipper and Pyre­
nean desman . M y results indicate that they may 
be classified as either benthic feeders (eel, dipper 

a>O+ 
A anguilla 

and desman) or water column-benthic feeders 
(trout). Among benthic feeders , the dipper fed 
more in riffles than in pools whereas the desman 
and the eel fed equally in both . These were the 
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species with more similar diet patterns, although 
there are some feeding differences. 

The Miller's water shrew and the grey wagtail 
were only partially dependant on aquatic prey. 
Water shrews primarily ate soft-bodied terrestrial 
prey, wich may occur on nearby stream banks, 
whereas grey wagtails consumed large amounts 
of winged insects , many of which had aquatic 
larval stages. 

Substantial dietary information exists for many 
assemblage members (i.e. dipper, eel, trout), 
whereas little information is avai lable for the 
water shrew, the desman and the grey wagtail. 
The basic pattern in the diets of the eel, the trout 
and the dipper is quite similar to that else\\·here 
in Europe, although there were differences prob­
ably attributable to differences in resource avai l­
ability in Riobo . For example, the dipper fed on 
caddisflies and mayflies in this stream as well as 
in others (Jost, 1975 ; Ormerod, 1985; Spitznagel, 
1985; Ormerod & T yler, 1987), but in Riobo drag­
onflies were also an important prey. The desman 
in Riobo fed primarily upon caddisfly and may­
fly larvae as has been shown for other streams in 
NW Spain (Santamarina, 1988). Some informa­
tion is also available on the grey wagtail's diet 
during breeding season (Schifferli , 1972; Sonin & 
Anuchina, 1979; Ormerod & Tyler, 1987). These 
studies indicate that both winged and aquatic in­
sects are important prey for this species. 

My results indicate that the relative abundance 
of prey in the benthos and in the diet of the as­
semblage members \'aried seasonn ally. Neverthe­
less, perhaps because of the infrequency of my 
sampling, some of the observed differences could 
also be due to chance or to the dates and times 
when dietary samples were taken . 

Dietary fluctuations tended not to be coinci­
dent with changes in prey avai lability, but they 
may be related to the fluctuati ons in their avail­
ability to a particular predator feeding at a par­
ticular time and place. Nevertheless, the abun­
dance of a particular prey was sometimes reflected 
in the diet of several species. In summer, for ex­
ample, the volumetrically dominant prey in 
benthos (Ephemera became a dominant prey type 
for desmans, eel and trout. 

In the last decade, studies on resource parti­
tioning in fish assemblages have increased greatly 
(review in Ross, 1986). At present, however, con­
siderable disagreement exists over the major pro­
cesses affecting assemblage organization in 
strean1 fishes (Herbold, 1984; Grossman er al., 
1985; Grossman & Freeman, 1987) and some 
investigators maintain that partitioning of re­
sources may not be of general importance for 
stream fishes . 

The Riobo fish assemblage is dominated both 
in number and biomass by brown trouts (San­
tamarina, 1991 ). Bird s, and probably mammals, 
are scarce compared to fi sh abundance. Never­
theless , the rarity of mammals and birds may be 
linked to homeostatic ability. Homiotherms such 
as these have greater energy requirements and 
smaller densities than ectotherms. 

The dietary differences probably arose from 
differential microhabitat selection, as well as from 
morphological abilities of predators to capture 
different prey. feeding periodicities and other fac­
tors related to prey preferences . 

Some authors have shown the important role 
played by morphology in some vertebrates 
(Smartt, 1978; Gatz, 1981). Trout have a fusi­
form body which is efficient for rapid swimming 
and the role of vision in its feeding is well estab­
lished . This should allow them to capture prey in 
the water column or on the stream bed. Eel have 
a very elongate and tubular body, which is effec­
tive in negotiating objects on the bottom. Eels 
have well developed olfac tory organs (Hara, 
1971) which allows them to locate prey in the 
bottom. The desman is well adapted to motion 
through streams, it has strong claws that may be 
used to turn bottom objects over, and a tromp 
with well developed tactile sensitivity (Richard, 
198 1; 1982). These adaptations may make it an 
efficient predator of prey residing in the stream 
bed . Dippers have less adaptations to aquatic 
environment (Goodge, 1960; Murrish, 1970), 
reaching the bottom with less energetic cost in 
riffles or shallow water. As other birds do, dippers 
locate prey by \'ision (Goodge, 1960). Neomys 
anomalus is less aquatic than the other European 
water schrew (N.fodiens) (Heinrich, 1948; 

Spitzenberger, 1980), whereas the grey wagtail 
only introduces its legs into the water but is an 
efficient fly-catcher (Schifferli, 1961 ). 

It is clear that these species converged to feed 
in some way on invertebrates from streams. As 
these vertebrates are morphologically and physi­
ologically different, it is more likely that the ob­
served shifts in food use were primarily due to 
their phylogenetic histories, rather than to coevo­
lution within this particular community. 

Finally, this study has shown that the diets of 
quite different fish , birds and mammals may over­
lap to a considerable extent, and future studies on 
predation on stream invertebrates should take 
into account the predation by birds and mamm als 
as well as fish. 
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