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The vendace (Coregonus albula (L.)) is a widespread fish in the waters of the Holarctic and has
been much studied in regard to history of spread and evolution. Statistical analysis of morphomet-
ric and meristic changes in Coregonus albula in some Latvian lakes for the last 50 years was con-
ducted. Cluster analysis of meristic parameters showed that the vendace populations of lakes
Stirnu — Aliksnes have become closer in meristic properties while the vendace populations of
lakes Dridzis — Sventes have become more dissimilar. The diversity and variation of morphologi-
cal characteristics of vendace in the studied lakes are within the range of variations of the Euro-
pean vendace (Coregonus albula), although due to its flexibility it makes a lake-specific form
depending on the local conditions of each reservoir. The discovered differences in the vendace
populations from Lakes Nirzas, Raznas, Stirnu, Aldksnes, Dridzis, and Sventes seem to have re-
sulted solely from/due to the adaptation of vendace to living conditions, which has changed dur-

ing the previous 50 years.
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INTRODUCTION

Fishes of the Coregonidae species have been studied re-
garding their taxonomy and history of spread: the current
structure of this group has undergone a relatively recent de-
velopment, i.e. in the end of the Tertiary — beginning of the
Quaternary period, and it exhibits exceptionally high mor-
phological and ecological variation (Pemernukos, 1980).

The vendace (Coregonus albula) is a widespread fish in the
waters of the Holarctic, and reached North-Western Europe
after glaciations. The vendace exhibits great variation in
morphological characteristics, also, in the sub-species level.

Vendace is a representative of the genus Salmo, order Sal-
moniformes, family Salmonidae, sub-family Coregoninae,
species Coregonus albula. Tt is a lake fish that feeds on
plankton. Spawning requires a clean gravel bed. At the be-
ginning of the last century, Coregonus albula was artifi-
cially introduced from the Lakes Peipus and Ladoga to
more than 30 Latvian lakes. Industrial catch of vendace in
the 1930s reached 13 tonnes from one lake. In 1990, ven-
dace was registered only in five lakes (PlikSs un Aleksejevs,
1998). Presently it can be found in many Latvian lakes,
however, its share in the fishery is not big; the catch is in-
significant and unstable. This species is included in the list
of specially protected species with limited use in Latvia
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(Regulation No. 396 of the Cabinet of Ministers of the Re-
public of Latvia, 14 November 2000).

Morphological characteristics of Latvian vendace were last
investigated in the 1950s—-1960s (Laganovska, 1957;
Huxanopos, 1964).

Given the high degree of variability of vendace and taking
into account the fact that it belongs to economically valu-
able marketable fishes, it seems of interest to determine the
changes in the populations of Coregonus albula that have
occurred since the last studies of the mid-twentieth century,
by means of morphometric investigations, as well as to de-
termine the major factors that led to these changes, present a
scientific interest. Lack of precise scientific data regarding
the local vendace populations and its biology hinders a ra-
tional exploitation of this fish and does not allow opportuni-
ties of its introduction in Latvian lakes. The aim of present
research was to analyse meristic properties and morphologi-
cal features changes of Coregonus albula for the last 50
years in Latvian lakes.

MATERIALS AND METHODS

Study sites and sample collection. Vendace samples, in to-
tal 198 individuals, were collected from six Latvian lakes,
namely, lakes Aluksnes, Stirnu, Nirzas, Dridzis, Raznas and
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Fig. 1. Location of the investigated lakes in
Latvia where vendace were sampled (1 —
Lake Aluksnes, 2 — Lake Nirzas, 3 — Lake
Raznas, 4 - Lake Sventes, 5 — Lake
Dridzis, 6 — Lake Stirnu).

Table 1

MORPHOLOGICAL CHARACTERISTICS OF SIX LAKES WHERE
VENDACE WERE SAMPLED'

Lake Location Area Depth
max | average
Dridzis  Skaista and Kombuli rural munici- 753.2ha 65.1m 12.8 m

palities, Kraslava District

Kaunata, Makopkalns and Cornaja 57564ha 170m 7.0m
rural municipalities, R€zekne Dis-

trict

Aluksnes Jaunaliksne, Aliksne, Markalne 1,543.7ha 152m 7.1 m
and Ziemera rural municipalities,

Aluksne District

Raznas

Nirzas Nirza rural municipalities, Ludza 552 ha 2lm  82m
District

Stirnu Kalnie$u rural municipalities, 148ha 25.8m 7.7m
Kraslava District

Svente Svente rural municipalities, 7348ha 38m 7.8m

Daugavpils District

1 .
www.ezeri.lv

Sventes (see the description of lakes in Table 1, and their
location in Fig. 1). The studied fish species is a very rare
one which makes it impossible to collect a big sample of in-
dividuals although a morphological analysis of the fish
presents interest. Due to the current global tendency of low-
ering species diversity it seems possible to carry out analy-
sis of a rare fish species using a smaller sample (Lowe et
al., 2004).

Freshly caught vendace individuals were measured by
whitefish measurement methods described by IlpaBaun
(1966) and commonly used today (Lajus, 2001; Ilepecko-
koB u Porozun 2001; Lajus, 2003; Kaupinis and Bukelskis,
2004; I'ypuues u benoycos, 2005). The measured morpho-
logical features are presented in Table 2; the lateral view of
vendace indicating points used for morphometric measure-
ment are shown in Figure 2. Plastic (morphometric) proper-
ties are presented as measurement indices expressed in per
cent of the head length.
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Table 2
MEASURED MORPHOLOGICAL FEATURES OF VENDACE

Abbre-
viation

Description of morphological features

Morphometric features

HL Head length: from the snout end to the farthest gill cover edge

ED Horizontal diameter of the eye: from the anterior to the posterior
edge of the eye

PO Postorbital length: from the posterior edge of the orbit to the far-
thest gill cover edge

StL Snout length: from the snout end to the anterior edge of the eye

Meristic features

LL Number of the perforated scales on the lateral line
Sp.br.  Number of gill rakers on the first left gill arch
RA Number of ray in anal fin

Fig. 2. Lateral view of vendace indicating landmarks used for morpho-
metric measurements

1 =2, snout length (StL); 2 — 3, horizontal diameter of the eye (ED); 3 — 4,
postorbital length (PO); 1 — 4, head length (HL); 5 — 6, body depth (H); 1 —
7, fish length (SL); 4 — 7, body length (OD).

Statistical analysis. In order to evaluate variation morpho-
metric parameters of Coregonus albula that have taken
place during the last 50 years, our data was compared to
that collected from lakes Dridzis, Stirnu, Aluksnes and
Raznas (Laganovska, 1957), and from lakes Nirzas and
Sventes (Hukanopos, 1964). Head measurement indices
(snout length, eye diameter, and postorbital length in rela-
tion to the head length) of the vendace individuals in lakes
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Dridzis, Stirnu, Aluksne, and Nirza were compared. Mean
values of indices of the above mentioned parameters were
considered for each lake separately. The Student criterion
for unequal samples was used (JIakun, 1980; Arhipova and
Balina, 2003) to determine significant differences. The dif-
ference between samples was considered to be significant
when P < 0.01 according to Pravdin (IlpaBaun, 1966) and
Reshetnikov (Pemernukos, 1980).

On the basis of morphometric data, fish condition was exam-
ined for each individual separately, and the average condition
for each population was estimated. The fish condition was
wx100

L’
where w is the fish weight in grams, and L the fish length from
the snout end to the end of scales layer at the caudal fin base
(ITpaBmuH, 1966).

calculated as the Fulton condition factor (K) K =

Since body measurement indices depend on age, Coregonus
spp. sexually mature individuals aged 3+ were used for the
analysis of plastic properties. Age was determined accord-
ing to Pravdin (Ilpasmun, 1966). Sexual dimorphism in the
Coregonus spp. appears only during spawning. Thus, in or-
der to test for significant differences, distinctions in the
morphological parameters of males and females aged 3+,
using Single Factor analysis (ANOVA) were determined.

To determine the meristic properties of Coregonus albula in
Latvian lakes on age and gender, Two-Factor analysis With-
out Replication (ANOVA) (P < 0.05) was carried out. No
dependence of meristic properties on age and gender was
discovered. Proceeding from this, meristic parameter indi-
ces were calculated and pooled in samples from each lake.

Hierarchical cluster analysis based on three meristic proper-
ties (number of rays in anal fin (RA), number of scales in
the lateral line (LL), number of gill rakers on the gill arch
(sp.br)) was carried out, and a dendrogramme was produced
to determine similarity between populations. The means of
variables were standardised by the z-scores function, Eu-
clidian distances were calculated for pairs of populations,

and the populations were combined by stepwise clustering
using the UPGMA method (unweighted pair-group method
using arithmetic averages). The cluster analysis was con-
ducted based on data obtained by the authors in 2007, as
well as on the data presented by Laganovska (1957) and
Nikanorov (Hukanopos, 1964).

RESULTS

Morphometric properties. Head measurement indices
(snout length, eye diameter, and postorbital length as related
to the head length) in lakes Dridzis, Stirnu, Aldksne and
Nirza were compared. The comparison of eye diameter
(ED) parameter of vendace revealed that the Lake Aluksnes
fish compared to those of Lakes Stirnu, Dridzis and Nirzas
had bigger eye diameter indices, and the Lake Stirnu fish
had smaller eye diameter indices than the fish in the other
lakes (Table 3). The comparison of StL. and PO measure-
ment indices discovered that the vendace in Lakes Aliiksnes
and Nirzas, had a bigger value of the snout and postorbital
length than the fish in lakes Dridzis and Stirnu.

Comparing morphometric properties in Coregonus albula
for the last 50 years (Table 3), we found no significant dif-
ferences (P > 0.05) between our data and the data in
Laganovska (1957) and Nikanorov (Hukanopos, 1964) for
the Lake Nirzas vendace.

As a result of preliminary analysis (P < 0.05), considerable
distinctions in the body height (H) between males and fe-
males aged 3+ were discovered. No considerable distinc-
tions in other morphological parameters between males and
females aged 3+ were found, and therefore, morphological
indices of males and females aged 3+ were added to analy-
sis while the body height parameter (H) was excluded. Most
properties liable to age variations are of the exterior kind,
and change depends on the speed of fish growth, which is
different in various lakes. Dependence of meristic proper-
ties on age differs in various fishes.

Table 3

BODY PROPORTIONS OF VENDACE (Coregonus albula) IN THE LATVIAN LAKES AND THE LEVEL OF SIGNIFICANCE OF DIFFERENCES BE-
TWEEN DATA COLLECTED BY LAGANOVSKA (1957), HUKAHOPOB (1964) AND OUR DATA

Lakes Date of samples StL/HL ED/HL PO/HL
Mean value Differences Mean value Differences Mean value Differences
+SE +SE +SE

Nirzas 2007 25.38 £0.52 ns 26.08 +£0.43 ns 48.5 +0.84 ns
Huxkanopos, 1964 24.52 +0.14 2597 +0.12 48.5+0.2

Dridzis 2007 24.28 £ 0.19 * 25.86 £0.22 ok 49.9 £0.35 ns
Laganovska, 1957  23.83 +£0.13 28.33 £0.11 49.8 £0.16

Stirnu 2007 23.67+0.3 ns 24.86 +0.28 Ak - -
Laganovska, 1957 23.41 +0.15 272 +0.11 -

Aluksnes 2007 25.26 £ 0.44 ok 28.13+04 * 46.6 £0.7 ns
Laganovska, 1957 23.1+0.19 29.31 £0.16 48.9 £0.26

StL, snout length; ED, horizontal diameter of the eye; PO, postorbital length expressed in % of the head length (HL); ns, not significant differences

(P > 0.05), * P <0.05; ¥ P <0.01; *** P < 0.001
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Table 4

VENDACE CONDITION ACCORDING TO FULTON CONDITION FACTOR IN THE LATVIAN LAKES IN 2007

Nirza Dridzis Stirnu Aluksne Svente Razna
Age Mean n Mean n Mean n Mean n Mean n Mean
min - max min - max min - max min - max min - max min - max
1+ - - - - - 8 1.22 3 111 - -
1.14-1.39 1.02-1.21
2+ 1.09 - - 3 1.10 44 1.25 6 1.14 3 1.30
1.02-1.18 1.03-1.39 0.98-1.36 1.28-1.33
3+ 1.23 42 1.18 17 1.18 9 1.27 - - 2 1.26
1.06-1.43 1.07-1.42 1.02-1.32 1.13-1.38 1.27-1.28
4+ 112 2 116 6 1.22 - - - - - -
1.03-1.27 1.10-1.21 1.16-1.29
5+ - - - 2 1.22 - - - - - -
1.10-1.34

Noticeable differences (P < 0.001) in average values of ED
were observed in lakes Dridzis and Stirnu. Eye diameter
measurement indices (ED) in the 2007 vendace samples are
smaller than this parameter was 50 years ago (Laganovska,
1957).

Fulton’s condition factor of the Dridzis and Stirnu vendace
were analysed on the basis of the 2007 data (see Table 4)
with the aim of finding out a possible reason for the de-
crease of the eye diameter index during 50 years
(Laganovska, 1957). Vendace of Lakes Dridzis and Stirnu
is currently characterised by a high Fulton’s condition fac-
tor, which reaches on the average 1.18 with the fluctuation
1.07-1.42 in Dridzis and 1.02-1.32 in Stirnu (see Table 4).

An increase in snout length and decrease in postorbital
length alongside a practically unchanged eye diameter were
observed in Lake Aliiksnes where vendace is characterised
by a poorly developed scale layer and a comparatively small
body. A similar body size and structural features were ob-
served in the Lake Raznas vendace, albeit these features

were not as clearly expressed. Fulton’s condition factor for
vendace in both lakes is rather large, which means that the
food reserves in these lakes are sufficient for vendace.

Meristic properties. Meristic properties (RA, LL, sp.br.)
over 50 years were compared in lakes Dridzis, Stirnu,
Aluksne, Nirza, Raznas, and Sventes (Table 5). LL of ven-
dace of Lake Nirzas fish, compared to the fish of lakes
Stirnu, Dridzis, Raznas, Sventes, and Aluksnes, had a
smaller number of scales in the lateral line. Regarding RA,
lakes Sventes and Dridzis vendace had a larger number of
rays in the anal fin than the fish in lakes Aluksnes, Raznas,
Nirzas, and Stirnu. The sp.br parameter of vendace revealed
that the fish in lakes Nirzas and Dridzis had a larger number
of gill rakers than the fish in other lakes, whereas the Lake
Raznas fish had a smaller number of gill rakers than the fish
in the other lakes.

Change of meristic parameters, such features as RA, LL and
sp.br., was applied. Like plastic features, they were com-
pared to earlier data (Laganovska, 1957; Hukanopos, 1964).

Table 5

MORPHOMETRIC CHARACTERISTICS OF VENDACE IN THE LATVIAN LAKES AND THE LEVEL OF SIGNIFICANCE OF DIFFERENCES BE-
TWEEN DATA COLLECTED BY LAGANOVSKA (1957), HUKAHOPOB (1964) AND OUR DATA

Lakes Date of samples RA LL sp.br.
Mean value +SE Differences Mean value +SE Differences Mean value +SE Differences

Nirzas 2007 12.92 +0.14 ok 7831 £ 1.11 ns 42+0.82 ns
Huxkanopos, 1964 11.22 +0.04 80.31+0.2 40.8 +0.17

Dridzis 2007 13.77 £ 0.12 ok 87.49 £ 0.65 ns 40.9 £0.41 ok
Laganovska, 1957 11.94 +0.07 88.1 +0.38 43.9+0.23

Stirnu 2007 13.25+0.12 ok 85.14 £0.74 ns 38.6 £0.52 ok
Laganovska, 1957 11 +0.08 85.96 +0.43 42.2+0.2

Sventes 2007 13.78 £0.22 ok 90.33 £0.53 ns 39.8+1.24 ok
Laganovska, 1957 12.19 +0.06 90 +0.33 44.3 +£0.17

Raznas 2007 13+0.32 o 83 +1.02 ns 36+1.29 o
Laganovska, 1957 11.48 +0.09 83.26 +0.22 40.9 £0.35

Aluksnes 2007 13 +0.05 ok 84.89 £ 0.47 Ak 38.9+0.37 ok
Laganovska, 1957 11.49 +0.07 86.79 = 0.44 41.9+0.2

RA, number of ray in anal fin; LL, number of scales on the lateral line; sp.br., number of gill rakers; ns, not significant differences (P > 0.05, * P < 0.05;

*# P <0.01; ¥** P <0.001)
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The obtained results are presented in Table 5. Essential
changes in such parameters as RA and sp.br were revealed
in all lakes except Nirzas. In the latter, an essential differ-
ence in average values is observed only in the parameter
RA. The parameter LL demonstrates essential differences
only in Lake Aluksnes.

The number of rays in the anal fin increased in all lakes
(P < 0.001) whereas the number of gill rakers of vendace in
all studied lakes decreased (P < 0.001) (Table 5).

Cluster analysis. Each population is characterized by a sta-
ble set of meristic properties, which allows using them in
intraspecific taxonomy. Clustering methods are ways to
achieve classification of a series of samples (Krebs, 1999).
Romesburg (1984) recommends the UPGMA method for
most types of cluster applications, which should increase
their ecological insight.

Average linkage between six lakes in Latvia is presented as
a dendrogramme in Figures 3 and 4 showing dissimilarity
coefficients (Euclidian distances) between investigated pop-
ulations (Krebs, 1999).

CASE 0 5 10 15 20 25
Label L o T e e B +
Stirnu :’7

Aliksnes

Raznas

Dridzis

Sventes 4,

Nirzas

Fig. 3. Average linkage between six vendace populations in investigated
Latvian lakes in hierarchical cluster analysis of the variables: RA, LL, and
sp.br. (2007 data).

CASE 0 5 10 15 20 25
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Dridzis

Sventes
Nirzas

Raznas

Stirnu

i

Aldksnes

Fig. 4. Average linkage between six vendace populations in investigated
Latvian lakes in hierarchical cluster analysis of the variables: RA, LL, and
sp.br. Data from Laganovska (1957) and Nikanorov (Hukanopos, 1964).

The 2007 data show that vendace populations from lakes
Stirnu — Aluksnes and Dridzis — Sventes are similar. The
Lake Nirzas vendace population forms a separate branch.
Fifty years ago (Laganovska, 1957; Hukanopos, 1964),
there was a closer similarity between the populations in
lakes Dridzis and Sventes. Pair-like similarity was also seen
between lakes Nirzas — Raznas and Stirnu — Aluksnes, with
populations in lakes Nirzas — Raznas being most different
from those in other lakes. The dendrogramme based on the
2007 data shows that the pair-like similarity of populations
in lakes Stirnu — Altuksnes and Dridzis — Sventes has been
retained, although the Euclidean distance between lakes
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Stirnu — Aliksnes has decreased. In other words, the ven-
dace populations of lakes Stirnu — Aliiksnes have become
closer in meristic properties while the vendace populations
of lakes Dridzis — Sventes have become less similar.

The Nirzas vendace changed significantly only in RA (Stu-
dent’s criterion), whereas populations in the other studied
lakes demonstrated change in three meristic parameters.
Thus, Lake Nirzas population forms a separate branch in
cluster analysis.

On the other hand, the Lake Raznas population has become
more similar to the populations of lakes Stirnu and
Aluksnes.

DISCUSSION

Morphological differences in various populations of ven-
dace are mainly determined by ecological reasons, and in
most cases these properties are the results of adaptation to
living conditions.

A relatively big head and eyes are usual characteristics of
slowly growing fish (Pemernnkos, 1980). Average value in-
dices of eye diameter (ED) in 2007 of vendace samples
were smaller than 50 years ago (Laganovska, 1957).

Relative eye size can remain large in populations living in
conditions of low light (poor transparency of water), which
is particularly important for planktonophages (peled, ripus,
and vendace) (IToramosa, 1978; Pemernukor, 1980;
Anwand, 1997; Czerniejewski and Filipiak, 2002).

One of the possible reasons for decrease of eye measure-
ment indices may be improvement of lake light as a result
of increase of a water transparency, or improvement of the
lake food reserve. Fish condition increases with improve-
ment of food availability. Considering the high Fulton con-
dition factor, which reaches on average 1.18 with the fluctu-
ation 1.07-1.42 in Dridzis and 1.02-1.32 in Stirnu (see
Table 4), perhaps the food reserve of these lakes was
smaller 50 years ago, explaining the larger eye size today.
Fulton’s condition factor is widely used by many authors in
analogical investigations (Pomanos, 2000; Czerniejewski
and Filipiak, 2002; Czerniejewski and Czerniawski, 2004;
Czerniejewski et al., 2004). Fulton condition factor varies
on the sampling season, nutrition, growth, etc. Polish re-
searchers have proved that Fulton condition factor only
slightly changes during the spawning season, 0.05 on the
average, in comparison with the feeding season (Czernie-
jewski et al., 2004).

The vendace from water bodies with a good food reserve
are thought to have a short wide head, a snout of a smaller
size, and smaller eyes (Bypmakun, 1963). An increase in
snout length and decrease in postorbital length alongside a
practically unchanged eye diameter was observed in the fish
of Lake Aluksnes. The external morphology of Coregonus
spp. fishes is known to be determined by living conditions
rather than inherited from parents (Pemérnukos, 1980 u
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ap.). Some authors have noted a radical change of external
features as a result of acclimatization in new water bodies,
particularly in head size (Bypmakun, 1963; PemérHukos,
1980).

Introduction of vendace in Latvia took place in the begin-
ning and middle of the last century (Hukanopos u Huka-
HopoBa, 1956). Data related to the current populations of
vendace in Latvian lakes can provide information about
vendace adaptation and morphometric features may show
changes after their introduction.

Individuals in Lake Aluksnes (Table 3) had increased
growth rate shown by larger fish length accompanied by de-
crease of eye measurement indices. Our data show, how-
ever, that mean fish weight and length have not increased in
the last 50 years; on the contrary, there has been a decrease
of the vendace size in the Lake Aliksnes (Laganovska,
1957; Hukanopos, 1964), which can be interpreted as a re-
sult of its adaptation to the lake conditions.

Lake Aluksnes does not have an optimal habitat for ven-
dace, which can be noticed without any preliminary mea-
surements. A poorly developed scale layer and a compara-
tively small body characterise the Lake Aliksnes vendace.
Similar body size and structure features are observed in the
Lake Raznas vendace albeit these features are not so clearly
expressed. Some authors have observed that in compara-
tively small and shallow water bodies, fins, scales layer, and
carcass of vendace are less developed (Bypmakun, 1963;
Cyxosepxos, 1975).

Thus, a poorly developed scale layer and comparatively
small body of vendace are less expressed in Lake Raznas,
which is as deep as the Lake Aliiksnes but is much larger in
size. The Fulton’s condition factor for vendace is large
enough in both lakes, which means that the food reserves in
these lakes are quite sufficient for vendace. Our data indi-
cate a considerable impact of the factor “lake” on vendace
morphology in the Lake Aluksnes.

Meristic features are less changeable under the influence of
environment, and thus are used for establishing systematic
position of lower taxonomic units.

It is also known that variation in fish is particularly strongly
influenced by temperature (Bypmakun, 1963), which can af-
fect a number of rays in unpaired fins, gill rakers, and scales
in the side (lateral) line. In other words, in the lakes where
the incubation temperature on the spawning grounds is
lower, the above mentioned parameters increase in number.
As mentioned above, the number of rays in the anal fin in-
creased in all investigated lakes, while the number of gill
rakers decreased (see Table 5).

Some authors believe that alongside temperature the quality
of food reserve influences variation in the number of gill
rakers. Hukanopos (1964), for example, points out that ven-
dace has more gill rakers in water bodies with poorer food
reserves. According to other researchers, vendace has a
smaller number of gill rakers in lakes where it consumes
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larger zooplankton organisms (Pemernukos, 1980). Our
data show that the food reserves in the studied lakes have
considerably improved in the last 50 years, which has led to
a smaller number of gill rakers in vendace (Fig. 5).
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number of gill rakers

Fig. 5. Relation between mean of gill raker number and fish condition (ac-
cording to Fulton condition factor) of vendace in six Latvian lakes

Thus, the change of meristic characteristics can be consid-
ered as a result of adaptation of local vendace populations
to the changing conditions of Latvian lakes during the last
50 years.

Unlike plastic features, calculable ones are less viable to
change. The number of gill rakers has been used for distin-
guishing species and intraspecific forms of the Coregonus
fishes. Each population is characterised by a stable set of
meristic properties, which allows using them for intra-
specific taxonomy. However, meristic properties can be
used in intrataxonomic and population research if fish sam-
ples contain individuals of various ages, and are sufficiently
big. In this case possible slight fluctuations of average val-
ues in individuals of different generations are evened out
(Pemernukog, 1980).

Judging by meristic properties, the Lake Raznas vendace
population has become more similar to the populations of
lakes Stirnu and Altksnes.

Nikanorov (Hukanopos, 1964) noted that the lakes Nirzas
and Sventes populations of vendace had considerable dis-
tinctions in meristic properties, which is clearly seen in the
dendrogramme (see Figure 4). He further mentioned consid-
erable variation in meristic properties in the Lake Dridzis
vendace and argued that this can be accounted for by a com-
plex bottom relief of this lake, a large amount of bays, and
location of the vendace spawning grounds in places at vary-
ing depths, which creates different conditions for growth
and development of vendace.

In lakes Nirzas and Raznas the living conditions are more
homogeneous, lake properties are less variable, spawning
grounds are concentrated in one place; a simple relief pro-
vides homogeneous and quite stable conditions for develop-
ment and life. Thus, the variability of vendace properties in
these lakes would be expected to be considerably less ex-
pressed than in the vendace of the Lake Dridzis. On the
contrary, the lakes with more homogeneous living condi-
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tions in our studies sometimes revealed more considerable
variation of properties.

This fact can be accounted for by the following. Firstly, in
2007, samples were collected during the spawning period,
hence they consisted of individuals of the same spawning
population. Secondly, living conditions in deep lakes can be
considered as stable as they are characterised by clear tem-
perature stratification in summer, and vendace can easily
move to deeper waters with a low temperature, which is a
known feature of the Coregonidae fish. At the present stage
of research, it does not appear possible to establish major
factors that have contributed to the change of morphometric
indices in fish for the last 50 years. Various factors may
demonstrate different effects on the organism in various
lakes, which also influences the degree of variation of prop-
erties.

The diversity and variation of morphological characteristics
of vendace in the studied lakes was within the range of vari-
ations of the European vendace (Coregonus albula (L.), al-
though the variation was lake-specific and depended on the
local conditions of each reservoir. The discovered changes
in the vendace populations from Lakes Nirzas, Raznas,
Stirnu, Aluksnes, Dridzis, and Sventes seem to have re-
sulted solely due to the adaptation of vendace to living con-
ditions, which changed during the previous 50 years.
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VIETEJO EIROPAS REPSA (Coregonus albula (L.)) POPULACIJU MORFOLOGISKAIS RAKSTUROJUMS DAZOS LATVIJAS
EZEROS PEDEJO 50 GADU LAIKA

Eiropas repsis (Coregonus albula) ir plasi izplatita suga Holarktikas Gdenos. Repsis tiek uzskatits ka komplekss objekts izplatiSanas
vestures un evoliicijas izpétei. Darba tika veikta morfometrisko un meristisko parametru izmainu statistiska analize. Tika noverotas seSu
Latvijas ezeru repSu populacijas pédéjo 50 gadu laika. Klasteranalize paradija, ka Stirnu un Aliksnes ezeru repSa populacijas péc
meristiskiem parametriem kluva tuvakas, bet atSkiriba starp DridZa un Sventes ezeru repSiem ar laiku k]uva izteiktaka. Aprakstitie Latvijas
reps$i pieder Coregonus albula (L.) sugai, jo visuma péc morfologiskajam pazimém tie ir lidzigi §is sugas parstavjiem. Katra ezera dzivo péc
morfologiskam pazimém atskiriga viet€ja repSu populacija, repSu forma, kura vairak piemérojusies vietéjiem apstakliem un izveidojusies to
ietekmé. Aprakstitas izmainas Nirzas, Raznas, Stirnu, Aluksnes, DridZa un Sventes repSu populacijas var pienemt par aklimatizacijas
rezultatu, t.i., repSa pielagoSanas rezultatu vietgjiem vides apstakliem, kas mainijusies pédejo 50 gadu laika.
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