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Abstract

The feeding habits and prey selection of Gymnocypris firmispinatus in the Anning River were investigated with respect to
fish size, season and sex. Gut contents of 305 individuals ranging in size from 57 to 193 mm total length were analyzed, and
16.0% of the guts were found to be empty. The vacuity index indicated that the feeding intensity of the fish roughly followed
a seasonal trend, with minimum food intake in winter. However, statistically insignificant variation in the vacuity index
was observed between size classes and sexes. Overall, 46 prey taxa belonging to five orders (Ephemeroptera, Plecoptera,
Trichoptera, Coleoptera and Diptera) were identified in the guts of 141 fish. G. firmispinatus fed almost exclusively on aquatic
insects, of which Baetis sp. and Simulium sp. were the predominant prey species, followed by Diamesa sp. and Glossosoma
sp. G. firmispinatus is a generalist feeder that relies upon a wide trophic spectrum. The multivariate analysis revealed that
fish size was the principal factor affecting diet. Small individuals fed primarily on small ephemeropteran larvae and dipteran
larvae, whereas larger individuals preferably consumed bigger trichopteran larvae. In terms of its prey, G. firmispinatus
showed strong positive selection for dipteran larvae and trichopteran larvae, and negative selection for ephemeropteran
larvae, plecopteran larvae and coleopteran larvae in all seasons. This study provides evidence that the observed diet of G.
firmispinatus can be explained by prey selection rather than random feeding.
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acterized by a long life span, slow growth, late maturity and
low fecundity, are dominant in the Qinghai-Tibet Plateau
ichthyofauna (Chen and Cao 2000). An endemic species of
the Qinghai—Tibet Plateau, Gymnocypris firmispinatus is
only distributed in the Jinsha River and its tributaries. This
small fish usually resides in rivers at elevations of about
2000-3000 m, where the water temperature is very low, even
in summer (Chen and Cao 2000; Ma et al. 2019a).
Recently constructed cascade hydropower develop-
ments block the continuous flow of water in these rivers
and destroy their ecological integrity, e.g., they seriously
impact the spawning migration of adult G. firmispinatus
and the feeding migration of juveniles (Ru et al. 2016).
Sand excavation also destroys the habitats of these fish.
Moreover, overfishing has exacerbated the decline in the
G. firmispinatus population. A fundamental understanding
of the ecological requirements of a fish species is needed
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for the development of effective conservation measures
(Sanchez-Hernandez and Cobo 2012). However, knowl-
edge of the ecological requirements of G. firmispinatus
is limited. Ma et al. (2018, 2019a) studied the life history
traits of this species, and found that it has slow growth,
low fecundity and late maturity, which suggest that it
might be particularly susceptible to human activities.

Although several studies have focused on the growth
and reproduction of G. firmispinatus, none have directly
investigated its feeding habits. Knowledge of the feed-
ing ecology of a species, which is closely related to its
population dynamics, is useful for a deeper understand-
ing of factors such as resource partitioning, habitat pref-
erences, prey selection, predation, evolution, competition
and energy transfer within and between ecosystems (Braga
et al. 2012). The study of the feeding habits of a species
provides valuable information on its possible distribution
and niche in a food web (Wootton 1990). Studies on feed-
ing ecology are also prerequisites for elucidating niche
overlaps between and within species, and understanding
the intensity of inter- and intraspecific interactions in fish
communities (Abid et al. 2013).

Size-related changes in diet are seen in many fishes (La
Mesa et al. 2007; Huo et al. 2014; Kati et al. 2015). Under-
standing what causes a shift in diet is vital for the elucida-
tion of trophic roles and fish bioenergetics because die-
tary changes affect body growth and competition through
resource partitioning (Werner and Gillian 1984; Sdnchez-
Hernandez and Cobo 2018). The diet of a fish alters as
it grows. This is most likely due to morphological and
physiological changes that occur during growth. Beside
its size, season is another potential factor affecting the diet
of a fish (Huo et al. 2014), e.g. seasonal variation in water
temperature and food resources (Hovde et al. 2002). Many
fishes are opportunistic feeders, and their food spectrum
relies on prey items available in their environment, which
alters seasonally. These shifts, which are reflected in the
composition and diversity of a diet, indicate the dietary
adaptability of a species (Zander 1996).

In short, studying the feeding habits of G. firmispi-
natus can contribute to an understanding of its popula-
tion dynamics, and also provide essential information on
dietary energy flows for the elucidation of food webs in
lotic streams. Hence, we examined the trophic ecology of
G. firmispinatus in the Anning River. The specific aims
of this study were to evaluate: (1) the feeding intensity
and diet composition of G. firmispinatus, and the effects
of body length, and seasonal and sexual factors on its gut
contents; (2) the feeding strategy of this species; and (3)
its prey selection amongst the macroinvertebrate commu-
nities of the Anning River according to season.
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Materials and methods
Study area

The study took place in the Anning River, a tributary of
the Yalong River. Located in the subtropical monsoon
climatic zone, the Anning River has a mean annual air
temperature of 17-19 °C and annual rainfall exceeding
1240 mm/year (Ning 2009). The water flow over the stony
beds of the river and its tributaries is fast. Many species of
macroinvertebrates reside amongst the cobbles and boul-
ders that mainly comprise the river bed (Ma et al. 2019b).
G. firmispinatus is adapted to its habitat amongst the cob-
ble crevices of the lotic streams, and it feeds mainly on
aquatic insects and their larvae (Chen and Cao 2000; Ma
et al. 2017, 2018).

Sample collection

Due to fragmentation of the main stem of the Anning River
by the construction of hydropower stations, G. firmispina-
tus has mostly moved into the river’s tributaries (Ma et al.
2018). Thus, specimens were sampled from tributaries,
and specifically from those that originated from the mid-
dle of the river. Sampling was undertaken monthly from
July 2015 until June 2016 (Fig. 1). Table 1 gives basic
information on the study sites, such as length and width
of the sampling area, and water temperature.

Benthic invertebrates, a potential food source of Gym-
nocypris firmispinatus, were sampled before Gymnocypris
firmispinatus were sampled by electrofishing. At each site,
two or three quantitative specimens were collected with a
Surber sampler (30 X 30 cm, 500-pm mesh) (Morse et al.
1994). Specimens were sorted and preserved in 80% etha-
nol, identified to the lowest possible taxon under a dissect-
ing microscope (Morse et al. 1994; Epler et al. 2001), and
the abundance of each item was calculated.

Fish were sampled monthly from ca. 10:00 to 12:00 a.m.
by using backpack electrofishing gear (Hailibao, China).
G. firmispinatus was the dominant fish species in the tribu-
taries of the middle Anning River, followed by Paracobitis
variegatus and Triplophysa spp. occurred less frequently,
and Schizothorax wangchiachii, Schizothorax kozlovi and
several other fish species were occasionally present in the
catch. G. firmispinatus (305 individuals) were randomly
selected from the catch and killed immediately by soaking
in an overdose of MS-222. These fish were transported in
a coolbox to the laboratory, where they were measured
[total length (TL), millimeters] and weighed (wet weight,
to the nearest 0.1 g). The fish were dissected and their guts
excised. The foregut content samples were removed and
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Fig. 1 Sampling locations of
Gymnocypris firmispinatus
and macroinvertebrates in the
Anning River. Sampling was
carried out monthly from July

2015 until June 2016

< River
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preserved in 80% ethanol. Sex was determined by macro-
scopic examination of gonadal morphology. Based on the
observations of gonadal development and/or secondary
sexual characteristics and according to Ma et al. (2018),
the fish were assigned to one of two size classes (small
individuals, class I < 100 mm; large individuals, class II
> 100 mm), to examine differences in feeding intensity and
diet composition.

Feeding intensity

To evaluate the rhythm of feeding intensity, the vacuity
index V=N/N;x100% was computed, where N, is the
number of empty guts, and N, is the total number of guts
examined. A ;(Z—test (cross-tabulation analysis) was used to
determine differences in the vacuity index with regard to
sampling month, fish size and sex (La Mesa et al. 2007).
The analysis was performed using SPSS 16.0 and OriginPro
2016 at P < 0.05.

Diet composition and niche breadth

A total of 141 fish (TL =32-193 mm) were selected for the
diet composition analyses. The gut contents of each speci-
men were washed out into a petri dish. Each prey item was
classified and identified to the lowest feasible taxonomic
level (Morse et al. 1994; Epler 2001; Zhou 2003), then

counted individually. After absorbing excess water with
blotting paper, the prey item was weighed (0.1 mg) on an
electronic balance (Huo et al. 2014).

The dietary contribution of each prey item was deter-
mined by using frequency of occurrence (0O%), percentage
by number (N%), percentage by weight (W%), index of rela-
tive importance (IRI)=0% (N% + W%), and IRI% (Pinkas
et al. 1971; Cortés 1997). The feeding niche breadth of G.
firmispinatus was calculated by the Shannon—Wiener diver-
sity index (H)=— ). P, (In P;) (Shannon 1948), and species
evenness by Pielou’s index (J)=H'/In S (Pielou 1966), where
P, is the proportion of each prey species in a sample and S
is the number of prey taxa.

To evaluate the feeding strategy of G. firmispinatus,
Amundsen’s graphical method was applied to the dataset
of prey type as A,=(3.G/>.G,) x 100, where A; is the prey-
specific abundance of prey i, G; the gut contents (weight)
comprising prey i, and G,; the total gut contents of only those
fish with prey 7 in their guts (Amundsen et al. 1996).

Diet variation with season, fish size and sex

Size, seasonal and sex-related changes in feeding habits
were examined by multivariate analysis. A cluster analysis
was applied to the dataset comprising W% values of prey
type computed for each group of fish according to size
class (class I <100 mm TL, class II > 100 mm TL), season
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Table 1 Basic information on

. . e Date Site Length (m) Width (m) Stream gra-  Water tem- Fish density
sa{mpllng sites gnd de.r131~tles dient (%) perature (°C)  (ind./km?)
of Gymnocypris firmispinatus
in the Anning River from July 18 July 2015 1 2240.6 13.0 83.5 12.0 652
2015 until June 2016 20 July 2015 1 2240.6 12.0 83.5 125 2938

21 July 2015 3 2094.2 55 93.6 14.8 13717
24 July 2015 4 2404.0 5.5 239 16.5 529
26 July 2015 2 2275.6 4.0 95.5 14.5 7031
19 August 2015 1 2240.6 9.0 83.5 10.0 793
20 August 2015 2 2275.6 5.0 95.5 10.5 1582
19 September 2015 2 2275.6 5.5 95.5 10.5 10044
17 October 2015 7 1328.1 8.0 74.6 12.5 1882
20 October 2015 2 2275.6 8.0 95.5 10.0 1648
24 November 2015 1 2240.6 5.5 83.5 6.8 3246
26 November 2015 3 2094.2 8.5 93.6 8.5 2247
27 November 2015 6 1528.1 10.0 78.6 7.5 131
8 December 2015 3 2094.2 4.5 93.6 6.0 4138
15 January 2016 1 2240.6 35 83.5 0.5 2805
28 February 2016 1 2240.6 4.7 83.5 3.7 190
29 February 2016 3 2094.2 6.3 93.6 3.7 606
6 March 2016 8 1717.1 24.5 64.6 9.5 594
11 March 2016 7 1717.1 7.5 64.6 12.0 4659
14 April 2016 5 1655.4 4.0 432 12.5 3624
15 April 2016 3 2094.2 5.5 93.6 13.0 2605
16 April 2016 7 1717.1 5.5 64.6 14.0 4235
25 May 2016 3 2094.2 8.5 93.6 15.2 1517
26 May 2016 2 2275.6 6.5 95.5 14.7 2096
21 June 2016 2 2275.6 59 95.5 15.2 3277

(spring, summer, autumn, winter) and sex (male, female);
16 groups of fish were obtained in this way (La Mesa et al.
2007). The Bray—Curtis similarity matrix was constructed
for this fish group-prey dataset, and hierarchical agglomera-
tive clustering was applied to the similarity matrix (La Mesa
et al. 2007). PRIMER 5.0 software (Clarke and Warwick
1994) was used for the statistical analyses.

Prey selection

Prey selection was computed by using Ivlev’s selectivity
index (I)=(r;—p;)/(r;+p,), where r; is the proportion of a
prey category in the gut contents of a fish, and p; is its pro-
portional availability in the river (Ivlev 1961). The selectiv-
ity index ranges from — 1 (strong negative selection) to 1
(strong positive selection).

Results
In total, 305 individual fish were examined. The male:female

sex ratio was 1.03:1, and the TL of males and females ranged
from 57 to 145 mm and 58-193 mm TL, respectively. The

@ Springer

sex of 23 of the individuals (32-71 mm TL) could not be
determined.

Feeding intensity

Of the total number of guts studied, 49 (16.0%) were empty.
There was a significant difference in the vacuity index
among the fish according to the month in which they were
sampled (y*=20.402, p =0.040); the highest index was for
fish caught in January (38.5%) and the lowest for Septem-
ber (0%; Fig. 2). No significant differences were observed
between the two size groups (y>*=3.573, p=0.059) or
between the sexes (y>=0.307, p=0.579).

Diet composition and niche breadth

In the gut contents of the 141 G. firmispinatus examined,
46 prey items belonged to one of five orders (Ephemer-
optera, Plecoptera, Trichoptera, Coleoptera and Diptera)
(Table 2). H' and J of the total samples were 2.67 and 0.70,
respectively. There were some differences in H' and J over
the seasons. The highest H' was recorded in winter (2.55),
and the highest J in summer and winter (0.76), while the
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Fig.2 Monthly variation in the vacuity index of G. firmispinatus
(both sexes combined) from the Anning River between July 2015
and June 2016. The number of samples are indicated next to the data
points

lowest values of the two indices were for spring (H'=2.02,
J=0.61). The H' of males was higher than that of females
(Table 3).

Most dietary samples of G. firmispinatus included
a variety of aquatic insects. Some tiny sands were also
observed among the foregut contents. Ephemeropteran lar-
vae, trichopteran larvae, and dipteran larvae were the most
abundant groups in the diets in terms of number, weight
and IRI, followed by plecopteran larvae, while coleopteran
larvae were occasionally present. Based on 0%, N%, and
IR1%, the principal prey were Baetis sp. and Simulium sp.,
followed by Diamesa sp. and Glossosoma sp., but in terms
of W%, the primary prey were Epeorus sp. (13.92%) and
Glossosoma sp. (12.22%), followed by Baetis sp. (9.45%)
and Simulium sp. (7.64%) (Table 2).

The dietary composition of G. firmispinatus is graphi-
cally presented in Fig. 3. According to the feeding strategy
axis, G. firmispinatus can be considered a generalist feeder
as most of its prey are present in the lower part of the plot.
In relation to their contribution to niche width, the location
of most prey in the diagram demonstrates the variation in
utilization of prey resources between and within individ-
ual groups of fish. The population-level variation may be
explained to a large extent by the TL-dependent shifts in
diet. Ephemeropteran larvae were the most important prey
category for small individuals (Fig. 3a), whereas trichop-
teran larvae were the primary prey category for large indi-
viduals (Fig. 3b).

Diet variation with season, fish size and sex

The clustering of fish groups in relation to size, sex and
season is shown in Fig. 4. The diet composition was mainly
determined by fish size, i.e., this had a stronger effect than
season or sex. The two groups shown in Fig. 4 (A and B)
mainly represent large (> 100 mm TL) and small (<100 mm
TL) fishes, respectively. Small individuals fed primarily on
small ephemeropteran larvae and dipteran larvae, whereas
bigger larvae, and more trichopteran larvae, were more fre-
quently consumed by large individuals. There was high simi-
larity in diets between the two size groups of fish in spring,
as shown in the dendrogram, and the effect of sampling
season on the diet of G. firmispinatus was generally low.
Finally, the sex of a fish appeared to be the least important
factor with respect to diet diversity of G. firmispinatus, since
this was randomly distributed within the clustered groups.

Prey selection

The composition of the macroinvertebrate assemblage (N%)
showed a high variation among seasons. Aquatic insects
contributed 98.2% of the total abundance, with ephemerop-
terans (53.5%), dipterans (28.6%) and trichopterans (7.7%)
the taxonomically richest groups. According to Ivlev’s selec-
tivity index, trichopteran larvae and dipteran larvae were
positively hunted for, while ephemeropteran larvae, plecop-
teran larvae and coleopteran larvae were negatively fed on
by G. firmispinatus in all seasons. In details, G. firmispinatus
preferred dipteran larvae to trichopteran larvae in spring,
but selected trichopteran larvae more positively in winter.
Coleopteran larvae were the least favoured food of the fish
(Fig. 5).

Discussion

As also seen in other fishes (Hovde et al. 2002; La Mesa
et al. 2007; Ma et al. 2014), the feeding intensity of G.
firmispinatus generally followed a seasonal trend. Some
studies found that the highest percentage of fish with empty
guts occurred during the spawning season, which was attrib-
uted to a significant decrease in food ingestion during repro-
duction (Hovde et al. 2002; Santic et al. 2009). However, no
specific differences in observed trends of feeding intensity
were seen in the present study for the reproductive period
of G. firmispinatus, which is between March and May (Ma
et al. 2018). The lowest feeding intensity was observed in
winter, which may have been related to the low water tem-
perature then (Abid et al. 2013), and could indicate strong
temperature-dependent regulation of food intake in G.
firmispinatus, or lower metabolism in this season, which
may lead to a decrease in food ingestion to a minimum
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Table 2 Diet composition of G. firmispinatus in percentage by number (N%), percentage by weight (W%) and percentage by index of relative
importance (/RI%) according to season

Species Spring (n=40) Summer (n=32) Autumn (n=38) Winter (n=31) Total (n=141)

N% W% IRI% N% W% IRI% N% W% IRI% N% W% IRI% N% W% IRI%

Ephemeroptera 24.10 30.67 35.20 27.08 16.71 21.46 38.15 44.60 57.13 26.03 13.12 26.66 28.11 28.72 38.55
1. Ephemera sp. 035 027 0.04 0.07 0.08 0.00
2. Baetis sp. 1743 20.79 3354 15.63 9.33 13.84 16.00 3.64 17.73 17.77 8.19 2332 1681 9.75 28.85
3. Baetiella sp. 244 105 073 035 0.13 0.03 3.08 022 031 1.77 034 031
4. Siphlonurus sp. 049 0.10 0.02 451 081 098 0.62 0.02 0.03 1.23 027 0.12
5. Heptagenia sp. 0.65 128 0.14 308 651 1.82 496 3.09 258 177 291 0.83
6. Epeorus sp. 0.65 252 022 590 586 653 1477 34.13 37.17 470 1392 8.15
7. Ephemerella sp. 1.14  3.66 0.34 062 0.08 0.07 207 123 0.63 095 099 022
8. Drunella sp. 0.81 094 0.18 035 031 0.04 041 030 0.05
9. Ephemeroptera spp. 049 033 0.03 124 0.61 0.12 041 0.15 0.02
Plecoptera 1.95 1351 199 035 030 004 215 0.64 036 620 1444 172 238 523 0.67
10. Perlodidae spl. 1.63 871 1.81 1.54 037 027 041 0.17 0.04 1.09 205 046
11. Perlodidae sp2. 0.16 474 0.17 035 030 0.04 124 12.62 089 034 285 0.16
12. Peltoperlopsis sp. 0.16 0.06 0.01 455 1.65 080 0.82 024 0.05
13. Plecoptera spp. 0.62 0.27 0.08 0.14 0.09 0.01
Trichoptera 586 21.97 292 3854 61.15 57.92 3569 47.76 28.97 22.73 2534 24.67 21.65 43.16 21.14
14. Rhyacophila sp. 081 0.89 024 2.08 263 145 11.08 537 625 372 814 533 381 393 3.01
15. Himalopsyche sp. 0.16 1.88 0.07 031 233 0.13 0.14 120 0.04
16. Hydroptilidae spp. 092 022 0.11 020 0.08 0.01
17. Limnophilidae spp. 1.39 473 038 092 242 032 041 028 004 054 231 0.18
18. Apatania sp. 041 042 0.05 0.07 0.06 0.00
19. Glossosoma sp. 3.09 292 148 2049 1439 36.54 1231 20.29 1549 3.72 223 153 8.65 1222 12.86
20. Hydropsychidae spp. 0.65 320 0.27 11.57 9.04 17.19 218 193 1.00
21. Ceratopsyche sp. 1.74 526 129 3.08 479 2.62 1.02 323 0.69
22. Cheumatopsyche sp. 417 17.21 9.22 0.82 527 0.69
23. Stenopsyche sp. 033 997 072 1.04 333 081 031 072 005 041 157 0.13 048 3.65 047
24. Leptoceridae spp. 0.16 0.17 0.01 0.07 0.04 0.00
25. Polycentropodidae spp. 6.60 12.12 807 4.00 9.67 325 041 058 006 225 7.07 196
26. Chimarra sp. 033 268 0.11 0.14 0.58 0.01
27. Lepidostomatidae spp.  0.33 027 0.02 1.04 148 0.16 246 135 072 041 032 0.05 095 101 0.22
28. Trichoptera spp. 031 0.61 004 165 275 028 034 058 0.03
Coleoptera 035 060 0.06 092 012 0.08 027 022 0.02
29. Stenelmis sp. 0.62 0.06 0.06 0.14 0.02 0.01
30. Dytiscidae spp. 035 0.60 0.06 031 0.05 0.02 0.14 020 0.01
Diptera 68.08 33.85 59.88 33.68 21.25 20.52 23.08 6.87 1346 45.04 47.11 46.95 47.58 22.66 39.63
31. Hexatoma sp. 208 642 1.05 215 0.67 054 0.88 2.19 0.30
32. Antocha sp. 092 1.12 0.10 0.20 0.38 0.01
33. Tipula sp. 031 055 0.04 0.07 0.19 0.00
34. Pagastia sp. 554 124 190 0.69 009 010 092 0.05 0.09 20.66 42.41 3238 6.06 6.10 394
35. Diamesa sp. 36.16 18.67 34.64 6.60 3.69 444 369 105 180 083 002 0.11 1736 556 13.01
36. Potthastia sp. 041 0.04 0.03 0.07 0.00 0.00
37. Orthocladius sp. 440 045 119 069 0.15 005 062 007 0.07 413 046 206 279 023 0.83
38. Cricotopus sp. 049 0.15 0.04 041 0.01 0.03 027 003 0.01
39. Rheopelopia sp. 0.33  0.07 0.01 331 044 024 068 0.07 0.02
40. Macropelopia sp. 031 0.01 0.02 083 0.08 0.06 020 001 0.01
41. Tanytarsus sp. 0.65 0.55 0.04 0.27 0.12 0.01
42. Chironomidae spp. 041 0.05 0.03 0.07 0.01 0.00
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Table 2 (continued)
Species Spring (n=40) Summer (n=32) Autumn (n=38) Winter (n=31) Total (n=141)
N% W%  IRI% N% W% IRI% N% W%  IRI% N% W%  IRI% N% W%  IRI%
43. Simulium sp. 20.36 12.69 22.04 23.61 1090 14.89 14.15 3.35 10.81 1240 290 11.78 1831 7.64 21.46
44. Bezzia sp. 041 0.05 0.03 0.07 0.01 0.00
45. Metachela sp. 0.16 0.03 0.01 0.83 0.61 0.18 0.20 0.09 0.01
46. Tipulidae spp. 041 0.04 0.03 0.07 0.00 0.00
Totals for each taxonomic order are given in italic
Table 3 Shannon-Wiener diversity (H') and Pielou’s evenness index 1004
(J) of diet composition of G. firmispinatus according to season, and a
sex and size of fish O\E 90+
o 80
Sort n H' J 5]
S 70
Total 141 2.67 0.70 2 60
Seasons Spring 40 2.02 0.61 é 50 oTri *Eph
Summer 32 2.31 0.76 ‘g 404
Autumn 38 2.49 0.74 f];’- Ab «Dip
Winter 31 2.55 0.76 D
Sexes Males 82 2.70 0.72 52| Ee
Females 48 2.44 0.72 a 101
Size classes (mm) <100 97 2.47 0.66 I
> 100 44 2.45 0.69 0 10 20 30 40 50 60 70 80 90 100
Frequency of occurrence (%)
5 1004
(Santic¢ et al. 2005). In contrast, the intensity of food intake S 90- b
was highest in September; this intake may have contributed < 804
o)
to the accumulation of fat, which could be an additional Q ™ .
source of energy for the fish in winter. g 60
The diets of fish usually shift as they grow due to the 3
morphological changes that accompany this process (Woot- S al «Ple
ton 1990). Our study showed size-related differences in food g 404 Ebk
composition in G. firmispinatus, and size-related shifts in 08’. 30+ i «Bip.
diet composition of freshwater fishes have been reported in ul>>‘ 20+ i
a number of studies (Mati¢-Skoko et al. 2004; La Mesa et al. a 104
2007; Kati et al. 2015). These shifts have also been reported 04
for another species of the Schizothoracinae, Oxygymno- 0 10 20 30 40 50 60 70 80 90 100

cypris stewartii, small individuals of which fed mainly on
Cobitidae and Hydropsychidae larvae, while larger indi-
viduals tended to consume Cyprinidae and Chironomidae
larvae (Huo et al. 2014). However, for some other Schizotho-
racinae fishes (such as Schizopygopsis younghusbandi and
Schizothorax o’connori), which have a protruding under jaw
with sharp horns and graze mainly on algae, no significant
ontogenetic shifts in diets were found (Yang et al. 2011;
Ma et al. 2014). Size-related variations in diet composition
possibly reflect morphological and maturational changes,
especially an increase in gape size (Graeb et al. 2005; Huo
et al. 2014), improvements in locomotion (Beamish 1978)
and sensory capabilities (Li et al. 1985). These factors can
influence the ability of a fish to catch different types and

Frequency of occurrence (%)

Fig.3 Prey-specific abundance (A;) plotted against frequency of
occurrence (O%) of prey categories for small fish [total length (TL)
<100] (a) and large fish (TL > 100 mm) (b). Eph Ephemeroptera, Ple
Plecoptera, Tri Trichoptera, Col Coleoptera, Dip Diptera

sizes of prey (Huo et al. 2014). Furthermore, large individu-
als tend to ingest bigger prey that take longer to catch (such
as trichopteran larvae), and which represent a more useful
food as they have a higher caloric value and thus sustain a
high metabolic investment (La Mesa et al. 2007). A shift in
diet as an organism grows has probably evolved as a strategy
to decrease intraspecific competition between juveniles and
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Fig.4 Dendrogram of diet 40
composition data according

to season, sex and TL. a, b

Main clustering groups at 50%

similarity. SPR Spring, SUM S, 601
summer, AUT autumn, WIN £
winter, M males, F females, / @©
small individuals, 2 large indi- €
viduals; for other abbreviations, %) 80 -
see Fig. 3
100
I
=

SUM-M-1
AUT-F-2

SPR-F-1

W %

Z
2
100
80
60 -
40 -
e
20
0 L

N ]| sum-F-2 } )

N
NN

| | WIN-M-1
| | SPR-M-1

I |
BN 2 | sPRM2

I | | \WIN-F-2
M | sumF

[Eph

adults for food (Schoener 1974; Werner 1979; Amundsen
et al. 1996).

Besides the biological characteristics of a fish and the
physical characteristics of its habitat, the food it selects is
also affected by prey characteristics (Adams et al. 2007;
Séanchez-Hernidndez and Cobo 2018). According to the opti-
mal foraging theory, fishes should choose those prey taxa
that maximize the net energetic gain in relation to the ener-
getic cost of their capture, ingestion and digestion (Gerking
1994). In this study, G. firmispinatus preferred dipteran lar-
vae and trichopteran larvae in every season (Fig. 5), which
might be attributed to the following factors: (1) dipteran
and trichopteran larvae move more slowly than ephemer-
opteran, plecopteran larvae and coleopteran larvae, which
could make it easier for fish to search for and capture them;
(2) the bodies of dipteran and trichopteran larvae are fairly
soft (e.g. abdomen), which might make them more digest-
ible and more profitable in terms of the energy expenditure
required for their capture compared to that required for the

@ Springer

three other types of insect larvae. These findings are broadly
in accordance with those of Huo et al. (2014), who pointed
out that habitat and energy intake rate may influence the
composition of prey that are consumed by a fish. Although
ephemeropteran larvae were very abundant in the sampling
reach, they did not represent the highest proportion of prey
in the gut of G. firmispinatus (Table 2). Our results on die-
tary preferences are similar to those of studies on other fish
species that also showed that fishes do not always ingest
the most abundant prey items available in their environment
(Sanchez-Hernandez and Cobo 2012; Kati et al. 2015).
Overall, the present study indicates seasonal trends in the
feeding intensity of G. firmispinatus, which is regarded as
a generalist feeder that depends upon a wide trophic spec-
trum. G. firmispinatus was found to feed almost exclusively
on aquatic insects, with a preference for dipteran larvae
and trichopteran larvae. Size-related diet variation was also
found, where individuals > 100 mm TL consumed more
trichopteran larvae. The present study provides valuable
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Fig.5 Relative numerical abun-
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information for the further study of energy flows and food
webs in lotic streams. In addition, this study provides a sci-
entific basis for the further study of Schizothoracinae fishes
and for their conservation in waterbodies at high altitudes.
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