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ABSTRACT: The variability of morphological characteristics of ten populations of the
freshwater harpacticoid species Canthocamptus staphylinus are described. The most
variable morphometric indices (ratios of length-to-width of caudal rami and spines on the
fifth leg exopod), body size, and important quantitative morphological characters (the
number of spinules on the anal operculum) have been analyzed. The morphological
variability of Bryocamptus (Arcticocamptus) cuspidatus, Moraria insularis, and M.
mrazeki has been studied as well. Data on teratology like body asymmetry, deformations of
morphological structures and transsexual mutations have been summarized for: Atthyella
(Neomrazekiella) nordenskjoldi, A. (N.) northumbrica trisetosa, Pesceus schmeili and C.
staphylinus. These variations and abnormalities in the studied specimens are assumed to be
caused by geographical isolation of populations and different environmental conditions.
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PE3IOME: Paccmotpena Mopgoornueckasi i3MEHIYHBOCTh IIPECHOBOTHON TapIIaKTHKO-
nunsl Canthocamptus staphylinus n3 aecsTH NOMYJISAIUA. YYUTHIBAINCH HanOoOJIee Bapua-
OebHBIC TIPU3HAKK BHAA: MOP(HOMETPHUECKHE MHACKCHI (pa3Mep Tela, OTHOCHTEIbHbIE
JUIMHBI KayJaJdbHBIX BETBEH M MICTHHOK Ha SK30IOAWTE TISATOW IMapbl HOT), a TaKXKe
KOJIMYECTBEHHAs: MOP(OJIOTHYecKasi XapaKTepHCTpUKa (YHCIIO IIMITMKOB Ha aHAJIBHOW
rutacTrHKe). [IprBeieHbI HEKOTOPbIE CBEJCHUS 0 MOP(OIOrHIECKOH N3MEHUYUBOCTH JIPY-
THX BHIOB: Bryocamptus (Arcticocamptus) cuspidatus, Moraria insularis n M. mrazeki.
O0001IeHBI JaHHBIE O CITy4YasX YPOACTB, OTMEUCHHBIX HAMU y TapIaKTHKOUA: Atthyella
(Neomrazekiella) nordenskjoldi, A. (N.) northumbrica trisetosa, Pesceus schmeili u C.
staphylinus. K TepaToJIOTHIECKUM OTKIOHEHUSM OTHOCHJIM aCUMMETPHIO TEJa, N3MEHe-
HUSL GOPMBI MOP(OIOTHUECKUX CTPYKTYP M BHEIIHHUE MPOSBICHHUS TPAHCCEKCYAIbHBIX
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MmyTanuii. Mopdoaorundyeckasi “3MEHUYHMBOCTb M YPOJICTBA UCCIIEJOBAHHBIX MAPIIAKTHKOMT
MPEIIOJI0KHUTEIBHO 00YCIOBICHBI TeorpauyuecKoil U30NISIUCH TOMYJISIA 1 BO3/ICH-
CTBHEM Pa3JINYHBIX IKOJOTMUYECKUX (DAKTOPOB.

Kak iiutupoats 5Ty ctathio: KochanovaE.S., Fefilova E.B.2017. Morphological variability
and teratology of Palearctic freshwater Harpacticoida (Crustacea: Copepoda) // Invert.
Zool. Vol.14. No.2. P.148-153. doi: 10.15298/invertzool.14.2.08

KJIFOYEBBIE CJIOBA: Harpacticoida, Copepoda, Canthocamptus staphylinus, mopdo-
JIOTHYECKast BaprabebHOCTh, MOP(OIOTHUECKUE YPOICTBA, TEPATONOTHSI.

Introduction

It is known (Borutsky, 1952; Wells, 2007)
that intraspecific and intrapopulation diversity
of harpacticoid copepods is expressed through
the variability of morphological structures like
body segmentation, structure of legs, anten-
nules and caudal rami, as well as dimensional
and morphometric characteristics. Furthermore,
an insufficientamount of particular information
on this subject may complicate the taxonomy of
harpacticoids and hamper understanding of their
phylogenetic relationships.

The main goals of this work are to investi-
gate the phenotypic intraspecific diversity of
some freshwater harpacticoids and to compare
available data of the morphological abnormali-
ties among these copepod crustaceans in the
European North of Russia.

Materials and methods

The material for the research was collected
from different ponds at various times between
1969 and 2016 by authors and their colleagues.
For studies of phenotypic diversity of Cantho-
camptus staphylinus Jurine, 1820 samples were
taken from an unnamed pond and an unnamed
pool in Syktyvkar (61°40'N, 50°49’E), from
Nuyvchim Reservoir (61°23'N, 50°45’E), from
the Unya River (61°35'N, 58°02’E), from an
unnamed water body on Vaygach Island, from
unnamed ponds in Samara (53°11°N, 50°07'E),
from Orlov pond in St. Petersburg (Russia),
from Pédjérvi Lake (61°04'N, 25°08'E), (Fin-
land), from Geneva Lake (46°27'N, 06°31'E)
(Switzerland), and from Vortsjarv Lake (57°
40'N, 26°40’E) (Estonia) and Vénern Lake (58°
55'N, 13°30’E) (Sweden). We measured 148
individuals of C. staphylinus and 35 character-

istics to determine the patterns of interspecies
variability (Fig. 1).

To investigate variability of other species
and teratology of harpacticoids, samples were
taken from Glubokoe Lake in Moscow region
(55°45’'N, 36°30’E), and water bodies of the
North-East of Russia: Bolshaya Lahorta Lake
(66°41'N, 63°54’E), Ozernaya Lake (64°50'N,
59°14’E), a lake in Dolgiy Island (69°16'N,
59°05’E), lakes in the Pechora River Delta (68°
14'N, 53°51’E and 68°06'N, 53°31’E), Lopyu
Lake (61°41'N, 54°54’E), the Shugor River
(63°11’N, 54°14’E). By “teratology” we mean
study of inherent morphological deviations from
normal development of individuals.

Samples were collected with hand nets (the
mesh size is about 100 pum). For the purpose of
identification, morphometric studies and illus-
trations a Leica DM 4000B microscope with
micrometer eyepiece scale and drawing tube
was used. For species identification, the identi-
fication guides of E.V. Borutsky (1952) and
J.B.J. Wells (2007) were consulted. Species
names were brought in line with the World
Register of Marine Species (WoRMS) (http://
www.marinespecies.org/). Statistical analyses,
Kruskal-Wallis and Kolmogorov-Smirnov tests,
of the different indexes was carried out with the
Statistica 7.0.

Results
Morphological variability

The body length, the number of spinules on
the anal operculum and the ratios of lengths of
spines on the fifth leg (P5) exopod of C. sta-
phylinus appeared to be particularly variable
among the studied populations (Fig. 1). Based
on the surveys of all the varying characteristics,
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Fig. 1. Female of Canthocamptus staphylinus from the unnamed pond in Syktyvkar. A — general view,
B — dorsal view of caudal rami. Some from used measurements are shown. Arrows indicate the analyzed

measurements. PS5 — the rudimental fifth leg.

Puc. 1. Camka Canthocamptus staphylinus w3 npyza B r. CeIKTBIBKape. A — o0mmii Buj, B — kaynanbHbie
BETBU JlopcanbHO. [lokazanbl HEKOTOPbIE M3MEPEHHS JUIS pacdeTa MOp(OMETpHUECKUX HHeKkcoB. PS5 |

pyAMMEHTapHasi HOTa ISATOU Mapebl.

seven morphometrical indices of the length ra-
tios were calculated (caudal rami length-to-
width ratio and six indices of the spinnules
length on the P5). Only four indices out of seven
were statistically significant (by Kolmogorov-
Smirnov and Kruskal-Wallis Tests, p <0.05)
for different populations, namely: caudal rami
length-to-width ratio and three indices of the
spinulae length on the P5. The morphological
expression of these characteristics on females
divided the populations into two groups. The
populations of the Orlov pond, lakes Vortsjérv,
Péadjarvi, Geneva, and lake on Vaygach Island

constitute the first group, while the second group
includes the populations from the water bodies
in Syktyvkar and the Nuyvchim Reservoir (the
Sysola River basin).

Inaddition, examples of morphological vari-
ability were found in a population of Bryocamp-
tus (Arcticocamptus) cuspidatus (Schmeil,
1893) from the known eastern border of its area
in Bolshaya Lahorta Lake (Fig. 2A, B). Varia-
tion was also expressed in the caudal rami
structure of Moraria insularis Fefilova, 2008
(Fig. 2C), collected from an unnamed lake on
the Dolgy Island, and from Moraria mrazeki
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Scott, 1903, collected from an unnamed lake in
the basin of the Ozyornaya river; instead of a
single row of spinules on the inner side of the
caudal rami, a double row of spinules was present
along part of the inner side.

Teratology

In examined water bodies (Glubokoe Lake,
lakes in the Pechora River Delta, Lopyu Lake,
the Shugor River) species were found with the
following phenotypical deviations: 1) asym-
metrical structure of the paired organs (swim-
ming legs, rudimentary fifth leg, Fig. 2D, F); 2)
symmetrical abnormal armature of the fifth pair
oflegs (Fig. 2E); 3) specimens with attributes of
both sexes (transsexual mutations) (Fig. 2G-L).

The frequency of these abnormalities was
not stable in studied populations. Asymmetrical
structures were rare. Thus, only 0.5% of At
thyella (Neomrazekiella) nordenskjoldi (Lillje-
borg, 1902) species in the Shugor River had a
deformed caudal ramus (Fig. 2F).

A massive record (about 70% of all popula-
tion) of abnormal Atthyella (Neomrazekiella)
northumbrica trisetosa Chappuis, 1929 (Fig. 2E)
was made for meiobenthos of the Lopyu Lake.

Two individuals of two different species
Pesceus schmeili (Mrazek, 1893) and C. sta-
phylinus (Fig. 2G-L) expressed attributes of

E.S. Kochanova, E.B. Fefilova

both sexes in the water bodies of the Pechora
Delta River.

Discussion

Morphological variability

According to a previous analyses (Fefilova,
2015) of literature data on freshwater harpacti-
coids morphology by E.V. Borutsky, 1952 and
J.B.J. Wells, 2007 intraspecific and intrapopu-
lational variability is expressed differently in
different genera; small interstitial species of the
genera Bryocamptus, Maraenobiotus,and Epac-
tophanes is subject to the most remarkable
variability of all morphological structures.

The origin of the variability of morphologi-
cal characteristics in B. (4.) cuspidatus, M.
insularis and M. mrazeki may result from the
duration of geographical isolation of the species
populations in the disjunctive distribution, or
from environmental conditions, like tempera-
ture.

Diversity of morphological characteristics
among populations of C. staphylinus were caused
by geographical and environmental factors, par-
ticularly due to separation of populations during
glaciation cycles followed by differential adap-
tations by the isolated populations. The most
variable characteristics are body size, spinnules

Fig. 2. Morphological features of some harpacticoid copepods. A, B — caudal rami of Bryocamptus
(Areticocamptus) cuspidatus female from Bolshaya Lahorta Lake with atypical internal apical setae; C —
caudal rami of Moraria insularis female from a lake on Dolgiy Island with double row of spinules in the
middle of inner sides; D — abnormalities asymmetric structure of P5 female of Attheyella crassa (G.O. Sars)
from Glubokoe Lake; E—abnormal development of setac on PS5 of Attheyella (Neomrazekiella) northumbrica
trisetosa female from Lopyu Lake; F — asymmetric structure of caudal rami of 4. (N.) nordenskjoldi from
the Shugor River; G-I — intersexual individual (female) of Pesceus schmeili from the Pechora River Delta:
G — antennules of male type; H— the third leg of male type; I — abdomen (PS5 and structure of genital somite
of female type; caudal rami of male type); J-L — intersexual individual (male) of Canthocamptus
staphylinus from the Pechora River Delta: J, K — antennules and the fourth leg of male type; L — abdomen
(PS5 of female type).

Puc. 2. Mopdonormiueckne 0cOOEHHOCTH HEKOTOPBIX HCCIIEIOBAHHBIX 0CO0Ei rapnakTHKOW (TTOKa3aHBbI
cTpenikaMu). A, B — kaypanbHbIe BeTBU caMKu Bryocamptus (Arcticocamptus) cuspidatus 3 03. bonpias
JlaxopTa ¢ HETUNUYHBIM Pa3BUTHEM BHYTPEHHEH amMKajabHOM ImeTHHKH; C — KayJlaJbHbIe BETBH CAMKH
Moraria insularis w3 o3epa Ha 0. JIoNTHil ¢ yABOCHHBIM PSIOM HMINIIMKOB Ha CEPEJIHE BHYTPEHHETO Kpas;
D — ypoxnuBoe acummeTpuuaHoe ctpoerue PS5 camxu Attheyella crassa (G.O. Sars) u3 03. I'my6oxoe; E —
YPOIIMBOE Pa3BUTHE LIETHHOK Ha PS5 camku Attheyella (Neomrazekiella) northumbrica trisetosa w3 03.
Jlomsio; F —acnmMMeTpriaHOE CTpOSHNE Kay JallbHEIX BeTBel y camku 4. (N.) nordenskjoldi us p. Llyrop; G—
I — camka ¢ npusHakamu camua Pesceus schmeili u3 nenvtsl p. Iledopa: G — CTpoeHHEe aHTCHHYJI KaK y
camua; H — cTpoenue Horu yetBepToil mapsl kak y camua; | — adnomen (PS5 u cTtpoeHue reHuTaibsHOro
CerMeHTa KaK y CaMKH; KayJaJIbHbIe BETBH KaK y camiia); J-L — camen ¢ npusnakamu camku Canthocamptus
staphylinus w3 nenptol p. [lewopa: J, K — cTpoeHne aHTeHHYT B 4eTBEPTOH mapbl HOT Kak y camma; L —
abnomeH (cTpoeHne PS5 kak y caMKy, ¢ OTKIIOHEHHUSIMA).
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on anal operculum and structure of P5, which
are common for the interstitial group of species
and appear to be a trend that becomes more
noticeable in spatially reduced habitats (Galassi
etal.,2009). This may coincide with a high level
of intraspecific genetic variability among popu-
lations of C. staphylinus. Genetic divergence
among the populations showed high values
(>20%), which divided all populations in sepa-
rate clades (Fefilova, 2015). High genetic diver-
gence between the populations also has been
reported for other copepod species and may be
related to reproductive isolation among popula-
tions (Lee, Frost, 2002; Chen, Hare, 2008; Gar-
litzka, 2012).

Teratology

The reasons for the occurrence of teratology
in invertebrates might be different. Origin of
abnormalities of copepods can be related to
random mutations, expression of genetically
unstable features (Pandourski, Evtimova, 2005)
or traumas in the postembryonic period of de-
velopment (Smirnov, 1971) and impact of unfa-
vorable environmental conditions (Alekseev et
al.,2016). For C. staphylinus, the asymmetrical
armature of the fifth pair of legs is a trait of
significant intrapopulational diversity (Lang,
1948). The P5 asymmetry (Fig. 2D) is not de-
scribed in morphology for Attheyella crassa
(Sars, 1863), therefore we attributed this case to
manifestation of teratology abnormalities. We
suppose the environment is unfavorable in the
lake Lopyu because of the prevalence of abnor-
mal individuals in the population of 4. (N.)
northumbrica trisetosa. The territory of research
in the delta of Pechora River where we found
two individuals of harpacticoids with transsex-
ual mutations is polluted with large amounts of
oil products (Nikonova, 2015).
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