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Abstract⎯Resident Dolly Varden Salvelinus malma of Lake Dal’nee (Paratunka River basin) is represented
by two stable trophic groups: one group feeds on mainly amphipods while another on gastropods. The former
group is dominantly infected by Cyathocephalus truncatus and Crepidostomum metoecus, whereas the latter
group is infected with Crepidostomum farionis, Ichthyocotylurus erraticus, and Diplostomum spp. The fishes of
the former group grow faster and defined by higher fat content of muscular tissue. In addition, they accumu-
late monoenic fatty acids in the muscles. The fishes of the latter group differ in a high content of omega-3 and
omega-6 fatty acids in the muscles. The amphipod foragers are characterized by a larger head with elongated
upper jaw and comparatively short fins. A similar ecological differentiation is observed in the littoral benthi-
vorous charrs from Lake Kronotskoe. The group feeding on amphipods was found in both lakes. In Lake Kro-
notskoe, the second group consumes the most abundant sedentary benthos, mollusks and chironomids.

Keywords: Dolly Varden Salvelinus malma, trophic groups, benthivorous fishes, parasites-indicators, fatty
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INTRODUCTION

The charrs of the genus Salvelinus distributed in
numerous lakes of the Holarctic exhibits a specializa-
tion in the types of feeding that often leads to the sym-
patric morphs originating with different biology
(Behnke, 1980; Savvaitova, 1989; Hindar and Jons-
son, 1993; Klemetsen, 2013). The main direction of
the divergence is the speciation along pelagic-benthic
resource axis . It results in diversification of planktivo-
rous fishes and predators feed in the water column,
and benthivorous fishes feed near the bottom (Jonsson
and Jonsson, 2001; Adams et al., 2003; Wilson et al.,
2004; Klemetsen, 2013). Another direction of the
divergence is an originating of several benthivorous
forms foraging in different depths. Both mechanisms
of the divergence represent a present mosaic of
intralacustrine variability of the charrs along the depth
gradient. In particular, they are observed in the water
bodies of Scandinavia, Iceland, Transbaikalia, and
Kamchatka (Skulason et al., 1989; Klemetsen et al.,
1997; Gordeeva et al., 2015; Praebel et al., 2015;
Saltykova et al., 2015).

In Fjellfrøsvatn lakes (Norway) and Kronotskoe
Lake (Kamchatka), the coastal benthivorous morph of
charrs is additionally separated into two stable groups:
one group feeds on amphipods (Amphipoda) and

another group feeds on sedentary benthos (chirono-
mid larvae (Chironomidae) and mollusks) that leads
to different growth rates and condition factors (Busa-
rova et al., 2015, 2016b, 2017; Knudsen et al., 2010).
The published data on a similar differentiation in other
lakes inhabited by charrs are absent, and, therefore,
the mechanisms of diversification, reproductive rela-
tionships of the groups, and frequency of occurrence
of such differentiation remain unclear.

The mechanisms of ecological differentiation of
landlocked littoral charrs can be clarified based on the
analysis of a polymorphism of a single taxonomic
group (species) in the ecosystems of different types. In
particular, northern Dolly Varden S. malma of Kam-
chatka is distributed in numerous lakes with different
features in both the presence and absence of other fish
species. In the case of a specialization occurrence in
the littoral benthivorous Dolly Varden in the ecosys-
tems of different types, an existence of a distinct uni-
versal (and poorly described) diversification pathway
in lacustrine charrs can be approved. This study is
devoted to the ecological differentiation of landlocked
Dolly Varden from Lake Dal’nee (Paratunka River
basin).

The aim of the study is to describe two stable litto-
ral groups of resident Dolly Varden with different
feeding strategies.
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MATERIALS AND METHODS

Lake Dal’nee with the area of 1.4 km2 is located on
the right bank of the Paratunka River, and a meander-
ing tributary connects the lake and the river. Thes-
pawning tributaries are lucking in the lake basin, its
transversal profile is trough-shaped, the southern and
northern banks are steeply cut up to the f lattened bot-
tom, the littoral zone is developed in the western and
eastern parts of the water body only. The maximum
depth is 60 m, and the average depth is 31.5 m (Krogius
et al., 1987; Kurenkov, 2005). The fish community of
Lake Dal’nee includes anadromous sockeye salmon
Oncorhynchus nerka and coho salmon O. kisutch as
well as resident sticklebacks Gasterosteus aculeatus and
Pungitius pungitius, anadromous northern Dolly Var-
den S. malma, and reproductively isolated resident
Dolly Varden (Konovalov, 1971; Krogius et al., 1987).
Until present, the endemic predator phylogenetically
similar to S. taranetzi from Chukotka inhabited the
lake (Chereshnev et al., 2002; Oleinik and Skurikhina,
2007). This species had been presumably exterminated
because of anthropogenic pressure (Esin et al., 2015).

Anadromous Dolly Varden spawns in the main riv-
erbed of the Paratunka River, in numerous tributaries
of the river, and, most likely, in the channel f lowing
from the lake. The juveniles and maturing individuals
of anadromous Dolly Varden migrate to forage into
the lake, but the lacustrine spawning of this form is not
observed. However, a distinct resident group of the
fish spawns in the lake.

The fishes were collected (in August 2014) with gill
nets, mesh size 20–40 mm, in various parts of the lake
at a depth between 5 and 50 m and in the main riverbed
of the Paratunka River 1 km from the mouth of the
channel f lowing from the lake. The composition of the
catches conducted during the day and night and at dif-
ferent depths (littoral, slope, and profundal zones) was
registered. In total, 100 and 25 individuals of Dolly
Varden were collected in the lake and river, respec-
tively. In 60 fishes from the lake and in all exemplars
from the river, the following parameters were deter-
mined: fork length (FL), body weight, sex, and quali-
tative stomach content composition (presence or
absence of amphipods and mollusks). In addition, the
absence or presence of the parasites-indicators (Cya-
tocephalus truncatus and Crepidostomum spp.) was
assessed. Remaining 40 exemplars of the fish from the
lake were photographed according to the requirements
recommended for morphometric analysis of images
(Rohlf, 2000; Mandritsa, 2007). Then the fishes were
frozen, and their subsequent investigation was con-
ducted in the laboratory.

In the frozen fishes, in addition to the measure-
ments of body length and weight, maturity stages of
the gonads and age (based on otoliths) were deter-
mined. In 20 exemplars from the lake and 15 exem-
plars from the river, the otoliths were grinded to pri-
mordiums, and the width of interannual increments

was determined. The measurements were conducted
with a TPS package (Rohlf, 2010) on the images
obtained with a Leica DMLS light microscope and
Leica DC100 digital camera. For the standardization
of the measurements, they were made along the line
directed at an angle of 60° to the longitudinal axis of
each otolith. The edge of the opaque zone was inter-
preted as the annual ring.

The quantitative analysis of the stomach content
included a calculation of the average number of food
items of each group consumed by a fish in the sample
(n) and the frequency of occurrence of food items
(FO, %), the ratio between the number of fishes with
a certain food items and the number of feeding fishes
of a certain group. The following food was registered:
amphipods Gammarus lacustris, snails Valvata (Cin-
cinna) sp. and Lymnaea sp., larvae and pupae of chi-
ronomids, mayfly (Ephemeroptera) and caddis f ly
(Trichoptera) larvae, and imago of insects. A degree of
overlapping of foraging niches was assessed with Сλ
index (Horn, 1966).

A parasitological analysis of 40 lacustrine fishes
was conducted by the method of total parasitological
dissection (Bykhovskaya-Pavlovskaya, 1985) with
identification of the parasites to the species (Opredeli-
tel’ parazitov …, 1984, 1987). The following invasion
parameters of each parasitic species were used: inva-
sion extensiveness (IE, %) (proportion of invaded
fishes in the sample), confidence interval of the
occurrence (d) at р = 0.05 (Roitman and Lobanov,
1985), and index of parasite abundance (IA, no.)
(number of parasites of a fish in the sample). The aver-
age conditional biomass of helminthes was calculated
according to the recommendations of Dorovskikh and
Stepanova (2009).

The body proportions of 40 fishes from the lake
were assessed based on 15 linear measurements of the
head, trunk, and fins according to a scheme of Pravdin
(1966). The groups used for the comparison had a nar-
row range of body length (20−31 cm FL). Therefore,
the indices (in % FL) were applied, and allometric
component of variation was not considered. The sex-
ual morphometric differences were not revealed.
Therefore, the analysis was conducted on the joint
samples including the representatives of both sexes.

In 20 fishes from the lake, lipids were extracted
based on the method of Bligh and Dayer (1959). The
analysis of fatty acids (FA) was conducted with the
method of gas-liquid chromatography after their
methylation (Carreau and Dubacq, 1978). A Shi-
madzu GC-2010 chromatograph with f lame ioniza-
tion detector (Supelcowax 10 capillary GC column
30 m in length with internal diameter 0.25 mm, phase
width 0.25 μm, and at injector temperature 250°С). A
preliminary purification of methyl ethers of fatty acids
was conducted with the method of thin-layer chroma-
tography in benzol-hexane mixture (5 : 3 by volume)
(Kates, 1972). Fatty acids were identified based on
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comparative time of retention and the values of equiv-
alent chain length (Ackman, 1969; Stransky et al.,
1997).

For the classification of fishes by the foraging type,
a stepwise discriminant analysis was performed. The
differences between the groups based on morphomet-
ric measurements were assessed with Student’s t-test.
The frequency distributions of the values of other
parameters of the groups were statistically different
from normal distributions (χ2 tests, р ≤ 0.05). There-
fore, nonparametric statistics in Statsoft Statistica 13.0
program were used to determine significant differ-
ences between the groups in the size-age composition,
foraging parameters, parasitic fauna, and lipid com-
position of muscles.

RESULTS

Feeding and groups identification in resident Dolly
Varden. Eight groups of food objects were identified in

the stomachs in Dolly Varden from Lake Dal’nee. All
organisms were captured by the fish at shallow waters.
Oligochaetes (Oligochaeta), freshwater clams of the
genus Pisidium, planktonic crustaceans, and remains
of fish were not found in the stomachs. The fishes fed
actively, and the proportion of individuals with empty
stomachs was less than 5% of the sample.

Based on the stomach content, the fishes repre-
sented two groups (Table 1). Mainly amphipods were
found in the stomachs of a part of the fish. In addition,
snails and caddis f ly larvae were registered, and other
benthic organisms were absent. In the stomachs of
another part of the fish, amphipods were not
observed, and these fishes fed on snails (Valvata), chi-
ronomid larvae, and imago of insects, as well as snails
(Lymnaea), chironomid pupae, and mayfly and caddis
fly larvae. In the sample, the ratio between the repre-
sentatives of the two groups was 2 : 3, respectively. A
classification of the sample including 40 fishes based
on the proportion of food components using a step-

Table 1. Food composition of two trophic groups of Dolly Varden Salvelinus malma from Lake Dal’nee in August

Trophic groups (here and in Tables 2−6): A, feeding on benthos excluding amphipods; G, feeding on mainly amphipods; FO, frequency
of occurrence of a food item; no. of items, mean value and (in the parentheses) maximum value.

Feeding organisms
Group А
(n = 23)

Group G
(n = 17) Mann–Whitney test

FO, % no. of items FO, % no. of items U р

Gammarus lacustris 0 0 100 36.00 (130) 57.5 <0.001
Valvata (Cincinna) sp. 66.67 16.87 (228) 36.36 0.56 (4) 121.0 0.040
Lymnaea sp. 22.22 0.87 (15) 0 0 152.0 0.079
Chironomidae:

– pupae 5.56 0.17 (4) 0 0 176.0 0.401
– larvae 11.11 0.09 (1) 0 0 168.0 0.233

Ephemeroptera (larvae) 5.56 0.57 (13) 0 0 176.0 0.400
Trichoptera (larvae) 5.56 0.78 (17) 9.09 0.13 (2) 179.5 0.779
Insecta (imago) 11.11 0.09 (1) 0 0 168.0 0.231

Table 2. Body length and body weight parameters of Dolly Varden Salvelinus malma with the gonads at maturity stage III–
IV in August (Lake Dal’nee and lower reaches of the Paratunka River)

Here and in Table 4: above the line, mean value and standard error; below the line, range of the values.

Parameter
Lacustrine

Anadromous from the river
(n = 25)

Kruskal–Wallis test

group А
(n = 59)

group G
(n = 39) Н р

Length (FL), cm 16.5 0.363

Weight, g 11.0 0.150

Age, years:
mean 6.9 7.2 7.5 14.5 0.285
maximum 8 9 10

22.3 0.52
19.8–30.7

± 23.3 0.75
20.3–31.8

± 39.9 0.79
27.4–53.0

±

103.1 1.97
53–197

± 112.0 2.33
99–226

± 643.8 3.79
120.4–1280

±
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wise discriminant analysis showed a significant dis-
tinctions between two groups with 95% probability
(F1.25 = 39.05, p < 0.001, tolerance = 0.001). A classi-
fication error was connected with the presence of a low
number of mollusks in the diet of amphipod foragers.
The main loading of the classification was associated
with two components: amphipods and snails (Val-
vata). The differences connected with other food
objects had a substantially lower (at an order of mag-
nitude) loading in the classification. In the stomachs
of mollusk foragers (25% of individuals), inedible
objects (vegetation remains, detritus, and sand) were
observed. However, their proportion in the food com-
position was low. In the stomachs of amphipod forag-
ers, such components were not observed. In the two
groups of resident Dolly Varden, the index of niche
overlap of food resources (Сλ) was 0.0001.

In anadromous Dolly Varden collected in the Para-
tunka River downstream from the mouth of the chan-
nel, the stomachs were empty (90%) or they included
a small number of salmonid eggs and riverine benthos.

Thus, in the catches conducted in Lake Dal’nee,
the fishes were referred to two trophic groups based on
stomach content. Similar to the trophic groups of a lit-

toral benthivorous charr from Lake Kronotskoe
(Busarova et al., 2015, 2016b, 2017), these groups were
designated as G (amphipod foragers) and A (fishes
feeding on benthos excluding amphipods).

Distribution. Based on the catches conducted with
gill nets in the late summer, the trophic groups of
lacustrine Dolly Varden were foraging within the same
biotopes, but in the different proportion. Group G
comprised 60–70% of the catches on the slopes of the
basin near the southern and northern banks of the lake
both within the border of the photic zone (at a depth
of 10–12 m and at water transparency by Secchi disk
3.7 m) and at larger depths, . In the profundal zone at
a depth of 40–50 m, single exemplars of Dolly Varden
were collected. However, in the littoral zone at a depth
of 5–12 m, the proportion of fishes of group A was
larger reaching approximately 60% of the catches near
the eastern bank and 70% near the western bank in the
vicinity of the river head. It is important to note that
the area of a larger abundance of the mollusk foragers
coincided with the appearance of a turbidity zone
determined by breeze fetch.

The maximum catch of the charrs (0.06–
0.07 fishes/m2 of a net per hour) was registered at the

Table 3. Parasites of two trophic groups of Dolly Varden Salvelinus malma from Lake Dal’nee in August

IE, invasion extensiveness; d, confidence interval of occurrence; IA, index of abundance; before the parentheses, mean value; in the
parentheses, range of the values; IA was not calculated for Myxosporidia.

Parasitic species 
(location)

Group А
(n = 23)

Group G
(n = 17)

Mann–Whitney 
test

IE, % d
IA, no.

of exemplars IE, % d
IA, no.

of exemplars U р

Myxidium salvelini 43.5 20.7–57.9 37.5 15.8–62.2 173.0 0.710
Myxobolus arcticus 87.0 59.1–92.5 83.3 58.7–96.1 178.5 0.820
Crepidostomum fari-
onis

95.6 83.5–100.0 54.2 68.8 44.2–88.7 3.2 42.0 <0.001

C. metoecus <0.1 0–12.2 0.0 100 82.0–100.0 268.2 0 <0.001
Diplostomum sp. 1
(internal medium
of the eye)

100 87.8–100.0 6.2 87.5 67.1–98.8 4.1 121.0 0.070

Diplostomum sp. 2
(lens of the eye)

13.0 2.6–29.0 0.2 <0.1 12.5 0.3 183.5 0.980

Ichthyocotylurus 
erraticus

100 87.8–100.0 30.4 93.8 81.9–100.0 18.9 136.5 0.180

Cyathocephalus 
truncatus

4.4 0–16.5 0.04 100 82.9–100.0 37.8 0 <0.001

Proteocephalus lon-
gicollis

21.7 7.5–40.9 0.8 25.0 7.3–48.8 1.8 173.0 0.670

Cucullanus truttae 17.4 4.8–35.5 0.4 12.5 1.2–32.9 0.1 172.0 0.590
All species 92.2 (10.0–273.0) 334.4 (88.0–689.0) 24.0 <0.001
Conditional biomass 
of helminthes, mg

110.1 (12.6–422.5) 614.8 (137.0–1221.0) 12.0 <0.001
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border of the photic zone on the steep coastal slopes.
At the depths exceeding 10–12 m, the catching effi-
ciency was low during both the day and night. The
average catching efficiency in the littoral zone at night
was 0.05 fishes/m2 per net per hour. During the day,
the catches in shallow sites were low.

Size-age characteristics. The body size of resident
Dolly Varden collected in Lake Dal’nee was substan-
tially lower than the body size of anadromous Dolly
Varden from the Paratunka River (Table 2). The lacus-
trine representatives of group A used in the analysis
were slightly smaller than the fishes of group G in body
length (Mann-Whitney test, p = 0.06) and body weight
(p = 0.01). In addition, the groups differed in the aver-

age and maximum age. In group A, the females pre-
vailed, while the sex ratio was similar in group G and
anadromous Dolly Varden from the river.

Based on the increments on otoliths, anadromous
Dolly Varden at the age exceeding 4 years differed
from resident fishes (Kruskal–Wallis test, H = 18.55,
p = 0.001; based on the increments of the fifth year).
Therefore, the patterns of somatic growth rate in these
forms were different. The individuals collected in the
river, most likely, began to migrate into the sea on the
fourth or fifth year of life. Based on the increment
width on otoliths, lacustrine Dolly Varden of group G
at the age older than 4 years had a higher growth
rate than the fishes of group A (Mann–Whitney test,

Table 4. Body proportions in two trophic groups of Dolly Varden Salvelinus malma from Lake Dal’nee, % FL

Character Group А
(n = 26)

Group G
(n = 16)

Student’s t-test

t р

Head length –4.292 <0.001

Snout length –4.239 <0.001

Eye diameter 3.914 <0.001

Upper jaw length –3.947 <0.001

Upper jaw width –1.609 0.116

Lower jaw length –0.740 0.464

Head depth near the occiput 0.277 0.783

Fin length:

pectoral 2.055 0.047

pelvic 2.419 0.020

dorsal 2.069 0.045

Anal fin length 2.010 0.054

Distance:

pectroventral 1.725 0.092

antedorsal 1.007 0.320

anteventral 0.291 0.772

anteanal 0.144 0.887

18.8 0.24
17.5–20.6

± 20.1 0.20
18.7–22.0

±

3.4 0.11
2.9–4.4

± 4.1 0.10
3.2–5.0

±

4.1 0.05
3.6–4.5

± 3.8 0.04
3.4–4.2

±

8.7 0.19
7.5–10.5

± 9.6 0.14
8.4–11.3

±

1.6 0.04
1.3–1.8

± 1.7 0.04
1.4–2.1

±

11.1 0.11
10.4–11.8

± 11.2 0.12
10.0 – 12.2

±

14.3 0.14
13.5–15.3

± 14.3 0.14
13.0–15.9

±

14.4 0.19
13.1–15.7

± 14.0 0.11
13.0–15.6

±

11.2 0.21
10.2–13.0

± 10.7 0.11
9.7–11.7

±

13.2 0.18
12.0–14.9

± 12.8 0.15
11.9–14.7

±

12.3 0.13
11.0–13.5

± 12.0 0.12
10.8–13.2

±

29.8 0.28
28.3–31.9

± 29.3 0.18
27.0–30.9

±

44.0 0.20
42.5–45.3

± 43.7 0.18
42.2–45.5

±

49.5 0.22
47.8–51.0

± 49.4 0.20
47.5–51.2

±

67.9 0.20
66.6–69.7

± 67.9 0.17
66.8–69.7

±
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p = 0.030; based on the increments of the fifth year).
The logarithmic trends of the linear growth incre-
ments in the three groups showed a difference regis-
tered from the fifth year of life (figure 1).

Composition of parasites. In resident Dolly Varden,
12 parasitic species were identified, and parasitic com-
position was different in the two trophic groups (Table 3).
The largest differences were observed in the infection
with trematodes, Crepidostomum metoecus (Mann–
Whitney test, р < 0.001) and С. farionis (р < 0.001),
and cestode Cyathocephalus truncatus (р < 0.001). The

amphipod foragers showed a large invasion of
C. metoecus (IA = 268.2) and C. truncatus (IA = 38.7).
In the representatives of group A, these parasites were
almost absent. However, the fishes of group A were
infected with C. farionis (IA = 54.2), and they were
infected more intensively with Ichthyocotylurus errati-
cus (IA = 30.4) and Diplostomum sp. 1 (IA = 6.2). In
addition to the parasites mentioned above, the follow-
ing parasites were found in Dolly Varden of Lake
Dal’nee: Myxidium salvelini, Myxobolus arcticus,
M. neurobius, Diplostomum sp. 2, Proteocephalus longi-
collis, Cucullanus truttae as well as glochidia of mollusk
Beringiana beringiana. Nevertheless, the level of inva-
sion of these parasites was low, and it was statistically
insignificant in both groups of fish.

The fishes with two types of infection were signifi-
cantly different in the total number of individuals of all
parasites (р < 0.001) and conditional biomass of para-
sites (р < 0.001) per fish (Table 3). The average values
of these two parameters were larger in group G than in
group A at 3.6 and 5.6 times, respectively.

Anadromous Dolly Varden was not infected with
C. truncatus, but larvae of nematodes Anisakis sp. were
found in the body cavity and on the internal organs
that is usual for anadromous charrs of Kamchatka
(Konovalov, 1971).

Morphology. The visual differences in the exterior
or body coloration between the representatives of two
groups of resident Dolly Varden were not registered.
However, a statistical analysis of the indices of mor-
phological characters showed that amphipod foragers

Table 5. Fatty acids muscle composition in two trophic groups of Dolly Varden Salvelinus malma from Lake Dal’nee in
August, % total fatty acids

Mean values and (in the parentheses) ranges of the values are indicated.

Fatty acids Group А
(n = 8)

Group G
(n = 10)

Mann–Whitney test

U р

Saturated including: 38.00 (30.4–48.0) 37.45 (32.7–46.8) 49.0 0.969
С12–20 : 0 37.64 (30.1–47.7) 37.02 (32.2–46.3) 49.0 0.969
С21–23 : 0 0.37 (0.2–0.6) 0.44 (0.2–1.0) 43.0 0.648

Monoenic including: 24.29 (9.2–37.5) 35.63 (28.4–43.2) 10.0 0.003
С14–20 : 1 22.05 (8.6–36.6) 33.79 (26.8–41.2) 11.0 0.005
С22–24 : 1 1.54 (0.7–2.4) 1.84 (1.01–2.53) 34.0 0.369

Dienoic including: 10.52 (7.9–12.3) 10.65 (8.7–11.4) 48.0 0.909
С20 : 2 1.43 (0.8–1.9) 1.50 (0.8–2.0) 28.0 0.111

Polyenoic including: 27.19 (13.2–55.2) 16.27 (8.0–26.3) 21.0 0.030
С20–24 : 5–6 20.79 (9.3–49.4) 11.86 (5.4–20.3) 23.0 0.049
omega-3 including: 23.27 (10.9–51.0) 13.76 (6.2–22.0) 20.0 0.025

С18–20 9.02 (4.1–12.3) 6.02 (2.3–9.4) 18.0 0.015
С22–24 14.25 (5.7–39.1) 7.73 (3.4–13.6) 24.0 0.053

omega-6 3.93 (1.9–8.3) 2.52 (1.5–4.3) 30.0 0.138
General lipids, % dry weight 12.24 (8.6–18.8) 14.86 (10.1–20.9) 20.0 0.011

Fig. 1. Absolute postrostral annual increments of the oto-
liths of Dolly Varden Salvelinus malma from Lake Dal’nee
(····d····) group A and (—s—) group G) and (—n—) lower
reaches of the Paratunka River. 
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differed significantly from the fishes of group A in a
larger head with a longer snout and longer upper jaw,
lower eye diameter, and shorter fins (Table 4). The
representatives of the two trophic groups did not differ
in the position of the fins, head depth, length of the
lower jaw, and width of the upper jaw.

Fatty acid composition of muscular tissue. Dolly
Varden of group G differed from the fishes of group A
in a significantly higher fat content of muscular tissue
(Table 5). In the two groups, 47 remains of different
fatty acids were registered among muscular lipids. In
addition, the fishes of group G were characterized by
a significantly higher content of monoenic acids (due
to shorter chains) and a lower content of polyenoic
acids (mainly because of the presence of omega-3
group with short chains and, in addition, because of
the presence of essential fatty acids with five or six
unsaturated connections, including docosahexaenoic
acid (22:6n-3)). At a similar content of saturated fatty
acids in muscles of the two ecological groups of Dolly
Varden, the content of the shortest dodecanoic and
tetradecanoic acids (Mann–Whitney test, p = 0.001),
as well as dienoic fatty acids, was higher in amphipod
foragers than in mollusk foragers (Table 5).

DISCUSSION
Resident Dolly Varden from Lake Dal’nee is repre-

sented by two ecological groups. The fishes of the first

group feed on amphipods while the individuals of the
second group prefer snails (Valvata) and at a lower
degree benthos, and they do not consume mobile
amphipods. In these groups, the foraging niches do
not overlap, which is supported by an extremely low
value of Сλ index (0.0001). A substantially larger value
(0.6) is applied for the designation of biologically sig-
nificant overlapping of foraging niches (Wallace,
1981). Within each group, similar types of feeding and
similar parasite composition were revealed.

Both groups of Dolly Varden differ from anadro-
mous fishes of the same species from the river (show-
ing an upstream migration from the sea to the lake in
late summer) in body size, growth rate, and parasitic
fauna. The resident Dolly Varden differs from the
predatory charr that recently disappeared from the
lake in the total absence of Diphyllobothrium plerocer-
coids (Konovalov, 1971; Gorovaya and Butorina,
2007). Because of this feature, the absence of juvenile
salmonids in the food composition of the resident fish
is supported.

Resident Dolly Varden represented by two trophic
groups is distributed over the entire water area at a
depth between 5–50 m. However, the spatial occur-
rence of the groups is different. In the littoral zone
exposed to the wind and characterized by a high tur-
bidity due to wave action, the mollusk foragers prevail.
In the lee side of the lake along a steep slope, the

Table 6. Several parameters of two trophic groups of littoral benthivorous charrs Salvelinus malma from lakes Dal’nee and
Kronotskoe

1 Based on the published data (Busarova et al., 2015); 2 because of a great abundance of trematodes, the species C. metoecus and C. fari-
onis were not identified, and they were designated as Crepidostomum spp.

Parameter
Lake Dal’nee Lake Kronotskoe1

А G А G

Mean body length (FL), mm 223.0 233.0 285.0 344.0
Mean body weight, g 103.1 112.0 206.0 409.0
Maximum age, years 8 9 11 15
Mean number of prey in the stomachs, 
exemplars:

Gammarus lacustris 0 36.0 1.5 37.0
Chironomidae (larvae) 0.1 0 20.4 0.6

Lymnaea sp. 0.9 0 0 <0.1
Valvata sp. 16.9 0.6 0 0
Pisidium sp. 0 0 1.0 0.2

Mean number of parasites, exemplars 92.2 334.4 115.6 4093.0
Average conditional biomass of parasites, 
mg 110.1 614.8 103.9 9751.6

Index of abundance, exemplars:
Cyathocephalus truncatus <0.1 37.8 0.4 237.3
Crepidostomum metoecus 0 268.2 11.82 1082.3
Cystidicola farionis 0 0 0.1 183.4
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amphipod foragers are a dominant group. The repre-
sentatives of both groups explore the feeding resources
of the photic zone.

The stability of the feeding segregation can be sup-
ported by the infection with parasites–indicators
(Konovalov, 1971; Knudsenetal, 2004). In Lake
Dal’nee, an intensive invasion with C. truncates and
C. metoecus (amphipods are intermediate hosts of the
parasites) is registered in the fishes of group G. The
former parasite lives in the fish for 20–55 days, and the
latter one lives during a year (Vik, 1958; Awachie,
1968). In the Dolly Varden of group A, these parasites
are absent. However, the representatives of this group
are infected with C. farionis, a parasite living in the fish
for approximately a year; and mayfly larvae are inter-
mediate hosts (Crawford, 1943). A larger invasion of
the fish of group A with metacercaria of I. erraticus
and Diplostomum spр. (Stregiidae) is connected with
the close contact of the fish with the first intermediate
host of these helminthes, snails of the genera Valvata
and Lymnaea (Prozorova and Shed’ko, 2003). The
duration of life of I. erraticus in the fish is more than
5 months, most likely, up to several years (Olson,
1970), and Diplostomum spр. lives in the fish for more
than 5–6 years (Shigin, 1986). A parasite–indicator,
which can be used for the reliable identification of the
trophic groups of Dolly Varden from Lake Dal’nee, is
cestode C. truncatus. This parasite is numerous in the
pyloric part of the intestine of the fishes of group G
(IA = 37.8.), and it is absent in the representatives of
group A. The type of feeding of the charrs does not
change at least within the range of 20–30 cm FL.

The fishes of group G are subjected to a substan-
tially larger parasitic pressure in comparison to the
charrs of group A: the average number and biomass of
parasites is several times larger in the former group. At
the same time, the amphipod foragers reach a larger
body weight and grow faster at older age. This feature
indirectly supports the following assumption: ener-
getic expenses used for a struggle against stress caused
by a negative effect of parasitic invasion are compen-
sated by a high feeding value of amphipods. The aver-
age caloric content of amphipods is 10.49–23.03 kJ/g
(2.5–5.5 kcal/g) of the dry mass, and the average
caloric content of snails is 7.12–14.24 kJ/g (1.7–
3.4 kcal/g) (Greze, 1977).

A part of revealed morphometric differences
between the ecological groups of the fish, most likely,
is connected with the different rates of somatic growth.
In the charrs, a faster growth rate is associated with a
relative decrease of the length of fins and eye diameter
(Savvaitova, 1989). A similar pattern is found in group
G. Nevertheless, observed elongation of the head (in
particular, the snout) and elongation of the upper jaw
in amphipod foragers, most likely, are connected with
the change of the habitus because of feeding special-
ization.

The functional differences between the trophic
groups are also revealed in muscle fatty acid composi-
tion. The differences in lipids content are connected
with fish metabolic conditions. At a high fat content in
the muscles of the fish from group G, the ratio
between unsaturated fatty acids is deviated from essen-
tial polyenoic acids to reserved monoenic acids and
dienoic chains. Polyenoic fatty acids determine vis-
cosity of membranes increasing their f luidity and
modulating activity of membrane-bound enzymes
(Sidorov, 1983; Bogdan et al., 2001). We suppose that
the metabolism is deviated to the storage of biopoly-
mers in Dolly Varden of group G. In Dolly Varden of
group A, intensification of the metabolism is required
for the assimilation of food with low caloric values. In
the fish of the latter group, the resources for the stor-
age of triacilglicerids are more restricted.

A similar differentiation of the littoral benthivorous
charr into two trophic groups has been described
before in Lake Kronotskoe, Kamchatka (Busarova et al.,
2015a, 2015b, 2017). However, several differences are
observed between the similar trophic groups of the
charrs from lakes Dal’nee and Kronotskoe (Table 6).
In Lake Dal’nee, Dolly Varden of group A feeds
mainly on snails of the genera Valvata and Lymnaea; in
Lake Kronotskoe, the littoral charr of a similar trophic
group feeds on larvae and pupae of chironomids and
(at a lower degree) mollusks of the genus Pisidium.
Therefore, the parasitic fauna of these groups is also
different. In Lake Dal’nee, an intensive invasion with
metacercaria of I. erraticus and Diplostomum spр. is
observed. These parasites are transmitted to the host
through the snails Valvata and Lymnaea. In Lake Kro-
notskoe, the fishes are intensively infected with a
trematode of the ureter Phyllodistomum umblae. This
parasite infects the fish during feeding on freshwater
clams of the genus Pisidium (Prozorova and Shed’ko,
2003). The Dolly Varden of Lake Dal’nee is not
infected with P. umblae, because this parasite is not
distributed in the lake (Konovalov, 1971). The similar
features of the analogous groups A from the two lakes
are the absence of amphipods in the food and absence
of related parasites (using amphipods as intermediate
hosts). In both lakes, the charrs of group A prefer dif-
ferent food objects. However, the pattern of choosing
of the food is the same: the fishes prefer the most
abundant and available sedentary benthos. The differ-
ence in the diet is in agreement with the data on the
composition of benthic communities in the littoral
zones of the lakes. In the littoral zone of Lake Kro-
notskoe, chironomid larvae prevail, the abundance
and biomass of mollusks are very low, and the most
abundant mollusks are freshwater clams (Izvekova,
2012). In the littoral zone of Lake Dal’nee, the main
part of benthic biomass is represented by gastropods
(Sorokin and Pavel’eva, 1977; Krogius et al., 1987).

In both lakes, the groups of amphipod foragers are
infected with helminthes C. truncates and C. metoecus.
In Lake Kronotskoe (but not in Lake Dal’nee), the
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charrs are infected with Cystidicola farionis, which
remains within the fish for at least 2 years (Black and
Lankester, 1980). This nematode is a reliable indicator
of regular feeding on amphipods, but it is absent in the
fauna of Lake Dal’nee (Konovalov, 1971; Gorovaya
and Butorina, 2007). In Dolly Varden of group G of
Lake Dal’nee, all parasites-indicators have a short life
cycle: from several weeks (C. truncatus) to a year
(trematodes). Formally, these parasites support a
feeding specialization only during a year. However, it
seems obvious that the trophic niches of the charrs of
group G in the two lakes are similar.

The amphipod foragers, most likely, are character-
ized by a specific feeding behavior, which is different
from that in benthivorous collectors, predators, and
euryphages. The prey (amphipods) hide under stones
in the coastal zone in daytime and are distributed in
the near-bottom water layers during twilight and at
night (Wilhelmetal, 2000). In the stomachs of the fish
of group G, inedible objects and sedentary benthos are
hardly ever found, and, therefore, a selective feeding
type should be supposed. A visual searching of amphi-
pods moving under the bottom, most likely, occurs.

A degree of the difference of parasitic invasion
between the trophic groups of the charrs in lakes
Dal’nee and Kronotskoe is various (Table 6). In Lake
Dal’nee, the abundance of parasites of the fish in
group G is larger than that in group A at 3.6 times. In
Lake Kronotskoe, this difference reaches 35 times. In
addition, the average conditional biomass of parasites
is larger (in group G in comparison to group A) at 5.6
and 93 times in both lakes, respectively. In Lake Kro-
notskoe, group G is infected with C. truncatus and C.
metoecus substantially more intensively than in Lake
Dal’nee. The differences reach six and four times for
two parasitic species, respectively. Moreover, the
fishes from Lake Kronotskoe are strongly infected
with nematode of swimming bladder Cystidicola fario-
nis. A substantially higher parasitic invasion of the fish
of group G in Lake Kronotskoe is connected with two
main reasons: (1) larger body size of the fishes and (2)
very high intensity of parasitic invasion usual for the
ecosystem of Lake Kronotskoe (Butorina et al., 2008;
Pavlov et al., 2013; Busarova et al., 2016a, 2016b).

Thus, the pairs of trophic groups have originated
convergently in the resident littoral benthivorous
charrs from lakes Dal’nee and Kronotskoe with differ-
ent ecosystems structure.

A part of the charrs feeds on almost exclusively
amphipods, and other fishes prefer the most abundant
groups of sedentary benthic organisms. In both lakes,
the littoral charrs evolved in the conditions of sym-
patry with other closely related groups: in Lake
Dal’nee, with predatory lacustrine charr and omnivo-
rous anadromous Dolly Varden (Savvaitova, 1989); in
Lake Kronotskoe, with the predatory and omnivorous
morphs (Viktorovskii, 1978). In addition, the other
competitors of the benthivorous charrs are represented

by sticklebacks of the family Gasterosteidae (Lake
Dal’nee) or kokanee Oncorhynchus nerka (Lake Kro-
notskoe). These conditions could facilitate ecological
differentiation of the littoral benthivorous charrs.

The results of this study indicate a possibility of the
occurrence of a universal base of a trophic diversifica-
tion of the charrs in the coastal ecosystems of oligotro-
phic lakes. A similar pathway of the trophic groups
separation can be expected in other water bodies
inhabited by resident charrs. The trophic specializa-
tion of the littoral charrs, most likely, appears de novo
in each generation and it is connected with a variabil-
ity of the progeny. A separation of the young salmo-
nids into the pelagic and demersal groups with differ-
ent growth rates in the conditions of a strong feeding
competition is well known (Thorpe, 1977; Metcalfee-
tal, 1989; Pavlov et al., 2010). The fast-growing
aggressive juveniles, most likely, begin to feed on
amphipods, and the slow-growing fishes continue to
feed on smaller benthic organisms. Moreover, this
ecological diversification maintains partly due to f the
appearance of the areas with turbid waters in the shal-
low zones of lee banks during the summer (for exam-
ple, due to breeze action). The fishes of group A
exposed to the wind in the littoral zone, most likely,
have an advantage in feeding because of their
restricted requirements to a good visibility. Another
possibility cannot be excluded: a part of the charrs
does not feed on amphipods representing an avoid-
ance of parasitic hyperinvasion (Mikheev at al., 2013).
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