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a characid from southern South America
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Abstract

A food analysiswas performed of the southernmost distributed Characidae, Gymnocharacinus bergi, the single speciesinhabiting
thethermal headwaters of the VValcheta Creek in northern Patagonia. Chrysophytawere the dominant algae and chironomid larvae
and testaceous amoebae the most abundant animal items. Few cladocerans and no copepods were consumed. The diet indicates a
benthic feeding habit, though the species usually swimsin the water column. Diversity and number of all items are morerestricted
than those of similar size characids from middle Argentina. The diet of G. bergi is similar to that of Cheirodon interruptus and
Bryconamericusiheringi from mountain oligotrophic streams, but differs from tetragonopterine species occurring in richer plain
habitats. Feeding traits appear to be related to the environment oligotrophy and agree with regressive traits in the species
morphology, presumably associated with harsh environmental pressure.

Introduction

Figure 1
Gymnocharacinus bergi from headwaters of
Valcheta Creek. A juvenile specimen 40 mm
in total length.

Gymnocharacinus bergi is a characid fish
(Fig. 1), remarkable in that the scales are
reabsorbed in the adult (Miguelarena and
Aramburu 1983; Cussac and Ortubay 1994). It
is the only fish species inhabiting thermal
headwaters of the endorrheic Valcheta Creek
inthe Somuncuraplateauinnorthern Patagonia
(40°50' S, 66°40'W)(Fig. 2). The introduced
trouts Oncorhynchus mykiss and Salvelinus
fontinalis and the cyprinodontoids Jenynsia
cf. multidentata and Cnesterodon decemma-
culatus inhabit downstream waters at lower
temperatures (Ortubay et al., 1997). Headwa-
ters have a constant water temperature of be-
tween 18 and 22.6°C whiletheair temperature
has an annual mean below 10°C with winter
monthly meanmaximumvalueslessthan 10°C
and monthly mean minimum below 5°C
(Menni and Gémez, 1995). G. bergi hasahigh
lethal temperature (36.2 to 38.2°C), a para-
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Figure 2
Argentinean “pampa” (northward of the Colorado River) and north of Patagonia
(southward). 1: man-made ponds at Los Talas; 2, 3 and 4: pampean “lagunas”;
5, 6: highland environments in Sierra de La Ventana; 7. headwaters of the
Valcheta Creek. Insert: position of the enlarged area in South America.

nensean adaptation, similar to other Brazilian fishes. Its loss of  habitat. The specieshaspartially lostitsresistanceto low tempera-
equilibrium temperature (33.9 to 36.9°C) is higher than in some  tures and probably cannot extend its distribution to temperate
paranensean fishes and is related to the permanent warmth of its  nearby waters nor to water with large temperature fluctuations

(Ortubay et al., 1994; 1997).

* To whom all correspondence should be addressed.

In this paper we report the diet composition of G. bergi and

B (54) 221 425 7964; fax (54) 2214530189; e-mail guiomar@infoviacom.ar  show that feeding, as other traits of the naked characid, is related
Received 19 February 1999; accepted in revised form 13 May 1999. toits particular habitat. Additionally, we consider the hypothesis
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number of speciesof thesame
TaBLE 1 group or category inthediet.
ABUNDANCE AND FREQUENCY OF Foop ITEMS IN THE DIET OF GYMNOCHARACINUS BERGI Numerical abundanceof ani-
(33 InpiviDUALS) DuRrING SPRING 1979 AND SummER 1980 mal prey was used to evalu-
(VA: VERY ABUNDANT, A: ABUNDANT, C: COMMON AND S: SCARCE) ate diet similarity between
species using the Morisita
Absolute and/or Occurrences (1959) similarity index and
relative abundance (Absolute frequency) the Horn (1966) “overlap”
: : index.
Spring Summer Spring Summer
1979 1980 1979 1980
Results

Testaceous amoeba 217 27 13 (86.7%) 4 (25.0%) . )
Algae A A 15 (100.0%) 2 (125%) | ©Organisms found in the
Fungi no data 2 no data 1 (6.2%) diet of G. bergi arelisted in
Vascular plants remains VA s 13 (86.7%) 3 (18.7%) | Teble 1. Vascular plant re-
Seeds 8 no data 3 (20.0%) no data mains were abundant. Algae
Acari 5 8 5 (33.3%) 4 (25.0%) wereabun_dant during spring
Cladocera 2 no data 1 (6.7%) nodata | butscarceinsummer,accord-
Ostracoda 4 4 3 (20.0%) 2 (12.5%) ing to the normal cycle_ln
Anfipoda no data 3 no data 3 (18.79%) | temperate waters (Hutchin-
Chironomid larvae 221 141 15 (100.0%) 16 (100.0%) | Son.1967). Periodicityinthis
Chironomid pupae 6 1 3 (20.0%) 1 (6.2%) case_lsprobably proportlonal
Dolichopodid larvae no data 1 no data 1 (62%) | to light seasonality with
Staphilinid larvae no data 22 no data 4 (25.0%) | @round1lsunhoursinJanu-
Staphilinid pupae no data 4 no data 2 (125%) | @&y (summer) and around 6
Hydrophilid larvae no data 1 no data 1 (62%) | Sun hoursin July (winter).
Insect fragments A C 5 (33.0%) 11 (68.7%) Tendiatom specm;s(ChrysoT
Detritus VA A 7 (46.7%) 3 (18.7%) phyta)werefoqnde.bgrgl
diet. Two species of Oscilla-

that its diet should be similar to that of Bryconamericus iheringi,
and especialy to that of the eurytopic Cheirodon interruptus
(Menni et al., 1996) because of anatomical similarities between
them (Miquelarena and Ardmburu, 1983). Feeding differences
related to the lentic or lotic character of the habitats, and possible
environmental influences in the evolution of the species are also
discussed. In addition to its restricted distribution and limited
habitat, G. bergi isprobably affected by introduced salmon (Wegrzyn
and Ortubay, 1991) which makesit the only fish speciesin danger
of extinction in Argentina (Chebez, 1993).

Material and methods

Thirty-three specimens of G. bergi used for diet analysis were
collected with handnets on November 1979 (spring) and on March
1980 (summer) from headwaters of the Valcheta Creek in the
Somuncuraplateau. Specimensranged from 30 to 50 mm standard
length (mean 40.6 mm) and from 0.92 to 2.81 g mass (mean 1.6 g).
We followed the advice that the sampling effort would require a
compromise between the many benefits associated with a large
sample and the negative impact that collecting without replace-
ment might exert on some communities (Winemiller and Polis,
1995).

Each digestive tract was removed and preserved in 10%
formalin and observations were made according to criteria de-
scribed by Escalante (1982). To evaluate food composition a
combination of numerical abundance, frequency occurrence, and
volumetric methodswas used (Berg 1979; Hyslop 1980). Relative
abundance was described as VA = very abundant, A = abundant,
C=common and S = scarce. Absolute abundanceisthe number of
individuals in each item. Absolute frequency of occurrence indi-
cates in which percentage of al digestive tracts analysed a given
item is found. Relative frequency of occurrence shows in which
percentageoneprey speciesisfound, considering as 100%thetotal
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toria (Cyanophyta) and one
Chlorophyta were also consumed (Table 2).

Seeds were scarce and detritus was abundant. Animal prey
included both chironomid larvae and pupae, testaceous amoebae,
Cladoceraand Ostracoda, Acari and insect fragments. Chironomid
larvae werethe most abundant animal item, followed by testaceous
amoebae, together comprising 97.6% of ingested animal items
(chironomidlarvae49.9%, testaceousamoebae47.7%, Acari 1.1%,
Ostracoda 0.9%, benthic and/or littoral Cladocera 0.4%). Indi-
vidual numbersof chironomidlarvaeandtestaceousamoebaewere
quite similar; however, larvae (3.3 mm?® each) imply a larger
volume. Thesameoccurswithplant remainsandalgae. Thefishdid
not eat copepods and just afew cladocerans. Individuals of anon-
planktonic Chydorus sp. (Cladocera) occasionally appeared. Lar-
val dolichopodids (Diptera) and hydrophilids, aswell aslarval and
pupa staphilinids (Coleoptera), ostracods, amphipods and fungi
were consumed. The volume of insect larvae, namely 1310 mm?®
(99.2%), is much larger than those of amphipods (9 mm3, 0.7%),
ostracoda (0.8 mm?, 0.06%) and cladocerans (0.04 mm?, 0.003%)
(Table 3).

The Morisita index was calculated for five pairs of species,
taking into account only the animal prey species (Table 4). The
“overlap” index has a value of 0.84 for the pair G. bergi vs
C. interruptus and 0.68 for the pair G. bergi vs. B. iheringi, both
from creeks.

Discussion

Care must be takenwhen attributing diets to South American fish
species or groups, based on studies conducted in tropical aress,
because many temperate environments differ from tropical ones,
e.g. regarding flood cycle or plant cover. Piranhas in temperate
Argentinaare exclusively carnivorous, in spite of the frugivory or
seed-eating behaviour observedinthetropics(Menni and Almirdn,
1994). In the upper Amazonian (Ecuador), seven species of
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‘LAacunas’, 3: Los TaLAas Ponbs.

VoLuMES oF ANIMAL ITEMS (As PERCENTAGES) IN THE DIET oF GYMNOCHARACINUS
BERGI AND OTHER CHARACID FisH. 1: VALCHETA HEADWATERS, 2. PAMPEAN

habitats, are determined by the
TABLE 2 dominance of particular prey in-
ABUNDANCE AND FREQUENCY OF ALGAE PRESENT IN THE DIET OF GYMNOCHARACINUS BERGI stead of by awholechangeinfood
(33 InpiviDUALS) DURING SPRING 1979 anD SummER 1980. composition (Escalante, 1983a).
(VA: VERY ABUNDANT, A: ABUNDANT AND C: CoMMON) Thoughthe number of itemsis
considerably less than in species
Relative Absolute Relative Mean cell quoted above, G. bergi hasarela-
abundance | frequency frequency size (W) tively wide omnivorous diet in-
cluding algae, vascular plantsand
Chrysophyta animal organisms. The Chryso-
_ - phyta are dominant among agae
Amphora ovalis var. pediculus A 1 (6.7%) 1.3% 25x11 consumed. Its number suggests a
Biddulphia laevis VA 14 (93.3%) 17.7% 100 x 80 wide use of the available algal
Cocconeis sp. C 10 (66.7%) 12.7% S0x 15 resources, but the number of gen-
Cymbella affinis A 10 (66.7%) 12.7% 50x 8 eraand species (overall diversity)
Denticula sp. A 6 (40.0%) 7.6% 2x7 is markedly less than in other
Gomphonema sp. C 3 (20.0%) 3.8% 40x 9 characid species. As in related
Melosira sp. A 1 (6.7%) 13% 15x 10 species, chironomid larvae are a
Navicula pupula A 14 (93.3%) 17.7% 30x 8 substantial item. On the contrary,
Nitzschia Sp A 6 (400%) 7.6% 50x 6 p|ankt0nic crustaceans are ex-
Synedra ulna var. ulna A 14 (93.3%) 17.7% 200x 6 tremely rare.

Algae consumed by G. bergi
Cyanophyta are mostly benthic, and together
- - withtheabundanceof chironomid
Oscillatoria sp. C 4 (26.7%) 50.0% no data larvae and other items, particu-
Oscillatoria princeps C 4 (26.7%) 50.0% 5x 25 larly abundant detritus, point to a
benthicfeeding habitat. | n spiteof
Chlorphyta this, thefishisnormally observed
] inthewater column, and canswim
Filamentous A 6 (40.0%) 100.0% no data againgt strong currents (pers. obs.

November 1979).
Cheirodon interruptus is a
small characid widely occurring in eutrophic

TaBLE 3

pampean‘ lagunas’ whereitisthespecieswith
the wider trophic range among five Tetra-
gonopterinae and one Characinae (Escalante
1983a; Escalante, 19874). However, in Sierra

Chironomid
larvae

Cladocera | Amphipoda| Ostracoda

de La Ventana oligotrophic highland creeks
C.interruptuspreyedupon chironomidlarvae
and plant remains, adiet similar to that of G.

bergi. This similarity is probably related in

Gymnocharacinus bergi 1 99.20 <0.01 0.70 0.06 . e )

Astyanax eigenmanniorum 2 1670 | 71.30 530 250 part to morphological traits; for example, a
SR though the naked characid has more devel-

Bryconamericusiheringi 2 14.90 79.40 2.10 0.20 : L ;

. . oped cusps, itsteeth arevery similar (Mique-
Cheirodon interruptus 2 12.50 75.60 6.50 0.90 larena and Ardmburu, 1983; Miquelarena,
Hyphessobrycon anisitsi 2 9.50 58.40 29.30 no data 1986) ' '
Hyphessobrycon meridionalis3 | 88.70 5.30 nodata | nodata :

Environmental influence is suggested by

Bryconamericus(acommongenusin Argenting) feedonformicids,
ephemeroptera, chironomids and other insects (Saul, 1975). By
contrast, B. iheringi fromseveral environmentsintheBuenosAires
plainexhibitsadiet composed mainly of algaeand mi crocrustaceans,
and the seasonal variation islow.

Trophic habits of several characid speciesin the size range of
G. bergi arewell known (Escalante 1982, 1983 a,b, 1984, 1987 a,b,
1993), including studies in different kinds of habitats, namely
‘lagunas’ (lakes without persistent stratification) in the Buenos
Airesplain, and comparing man-made pondsof theRiodeLaPlata
(34° 58'S, 58°W), with colder highland creeks in Sierra de La
Ventana (38S, 62W), located near the south-eastern border of the
distribution of the Brazilian fish fauna. Differences observed
amongdietsof Bryconamericusiheringi, Hyphessobryconanisitsi,
H. meridionalis, and Cheirodon interruptus from these different

Available on website http://www.wr c.org.za

thefact that C. interruptusfeedsupon alarger
proportion of chironomid larvae in creeks
than in ponds where plankton is more abundant. Also
Hyphessobrycon meridionalisis less zooplanktophagous in man-
made ponds at Los Talas where zooplankton is scarce (Solari,
1983; Escalante 19833). In Sierrade laVentana B. iheringi preys
heavily upon chironomid larvae, whileinthe pampean ‘lagunas’ it
feeds on algae and microcrustaceans. In Sierrade LaVentanaand
Valcheta, scarcity of plankton appearsto forcethe fishestoward a
more restricted, benthophagous feeding.

V olumesof animal itemsshow the predominanceof chironomid
larvaein G. bergi and of cladoceransin other characid species. The
Morisitaindex based onthe number of animal itemswas|ow when
comparing G. bergi with small characidsfrom pampean ‘lagunas’,
but high compared with those from creeks (Table 4), showing that
G. bergi has adiet composition more similar to individuals from
harsh environmentsthanto others. Further confirmationisgivenby
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TaBLE 4
MorisITA INDEX VALUES AMONG GYMNOCHARACINUS BERGI
AND CHARACIDS FROM DIFFERENT ENVIRONMENTS (ANIMAL
ITEMs ONLY), 1: FrRom Ponps, 2: FrRom CREEKS.

Gymnocharacinus

bergi
Cheirodon interruptus 1 0.005
Bryconamericusiheringi 1 0.005
Hyphessobrycon anisitsi 1 0.005
Astyanax eigenmanniorum 1 <0.001
Hyphessobrycon meridionalis 1 0.100
Cheirodon interruptus 2 0.660
Bryconamericusiheringi 2 0.790

Horn'sindex valuesof 0.84 for the pair G. bergi and C. interruptus
and 0.68 for C. interruptus and B. iheringi, both from creeks.

Lossof scalesin G. bergi required an extended period, during
which time the scales stopped their development, followed by a
quick process of reabsorption. This trait can be considered as a
morphological regression, allowed by the absence of predators,
particularly piscivorousfish (Cussac and Ortubay, 1994). Besides
thelossof scales, theanatomy of G. bergi showsseveral regressive
characterigtics, including alow number of orbital bones, reduced
extrascapulaand reduction of some caudal elements (Miquelarena
and Ardmburu, 1983). Modifications of body structures, like
reductioninthescales, diminution of scul pturingin head bonesand
miniaturisation, have also been considered paedomorphic traits
(Weitzmanand Vari, 1988). Thesetraitscould result from ecol ogi-
cal pressures, such asselectionfor small sizeinfood-poor environ-
ments (Moore, 1994). Thisisthe case at Valcheta Creek, and has
been observed inthe deep seaand in cavefishes (Petersand Peters,
1983; Langecker and Longley, 1993). Thesemechanisms, together
with the framework posed by the peculiar traits of the habitat
(thermal water, oligotrophy, isolation), relate feeding characteris-
tics of G. bergi to some of the more obvious apomorphies of the
Species.
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