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Taxonomic differences in the microstructure of the integument in males of the
genus Nannocalanus Sars, 1925 (Calanoida: Calanidae)
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ABSTRACT. Males of three species of the genus
Nannocalanus Sars, 1925 could be identified by the loca-
tion of integumental pores on the abdomen. Males of two
species from the northern Indian Ocean, Nannocalanus
major Sewell, 1929 and N. sewelli Kazus, 2009, differ
in the location of pores on the first and second segments
of the abdomen. At the same time, both of them clearly
differ from N. minor (Claus, 1863) from the Mediter-
ranean Sea, which is the type species of this genus. The
distinguishing feature for the former two species is one
pair of pores on the dorsal side in the middle part of the
second, third and fourth segments of the abdomen, which
is missing in N. minor.
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PE3IOME. OcobeHHOCTH pacHoNIOKEHHUS MOp Ha
HHTETyMEHTE abIoMeHa mo3Bouin auddepeHuposars
CaMIIOB TpexX BUOB pona Nannocalanus Sars, 1925. Cam-
bl IByX BUJIOB U3 ceBepHOU yacTu MHauniickoro okeana
— Nannocalanus major Sewell, 1929 u N. sewelli Kazus,
2009 — pazaryaroTcst MKy co00ii 1o crieru(pruIecKo-
MY PacHOJIOKEHHIO ITOp Ha IEPBOM M BTOPOM WICHHKAX
abnomena. Ilpu 3ToM 00a MHIOOKEAaHCKHX BHJA YETKO
ornnuatorest ot N. minor (Claus, 1863) u3 Cpennzem-
HOTO MOPSI, SIBIISIOIIETOCS THIIOBBIM BHIIOM 3TOTO POJIa,
HaJIMYUEM C JIOPCaJIbHOW CTOPOHBI B CPEAUHHON YacTu
Ha BTOPOM, TPEThEM M YETBEPTOM HWICHHKAX MO OJHOM
mape nop, Kotopas y N. minor OTCyTCTBYeT.

Introduction

Copepods of the genus Nannocalanus Sars, 1925
are widely distributed in the World Ocean, mainly in the
tropical and subtropical areas but also in the antarctic and
sub-antarctic regions [Razouls ef al., 2005-2025]. For a
long time all Nannocalanus populations were classified
as N. minor Sewell, 1929. The second species N. elegans
Andronov, 2001 has been described in 2001 in the south-
castern part of the Pacific Ocean. Two forms from the
Indian Ocean first described by Sewell [1929], N. minor
f. major u N. minor f. minor Sewell, 1929, were later ac-
cepted as separate species N. major and N. sewelli Kazus,
2009 based on the morphology of females [Kazus, 2009].
However, males of these species could not be identified
because of their morphological similarities and practically
identical structure of their mouth parts and swimming
legs [Kazus, 2009]. It wasn’t possible to find differences
neither in the amount of denticles on the inner edge of the
coxopodites of the left and right fifth swimming legs, nor
in the ratio of the length of the serrated inner edge of the
coxopodite of the fifth swimming leg to its whole length.
Sewell [1947] mentioned that he wasn’t able to find clear
differences between males of these forms except for minor
differences in the structure of the fifth pair of swimming
legs and antennules.

In this study integumental organ staining method
[Alekseev, Naumova, 2005] has been applied to differ-
entiate between Nannocalanus males from the northern
part of the Indian Ocean and compare them with N.
minor males from the Mediterranean Sea. Taxonomic
significance of the integumental organs has been first
shown for closely related Calanoida species by Fleminger
[1973] and later significantly expanded and summarized
by Mauchline [1987]. Later studies have confirmed that
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Fig. 1. Sampling regions in the Indian Ocean (1 — Gulf of Aden, 2 — Arabian Sea, 3 — Laccadive Sea) and Mediterranean Sea.
Puc. 1. Paiton uccnenosanus B Muauiickom okeane (1 — AzeHckuit 3anuB, 2 — Apasuiickoe Mope, 3 — Jlakkaausckoe Mope) u Cpenu-

3€EMHOM MODpE.

although the informative value of the pore pattern may
vary from taxa to taxa they often represent stable, species-
specific features, which has been shown for some genera
[Koomen, 1992; Prusova, 2003]. The location of the pores
is considered to be the most informative on the abdomen,
slightly less on the cephalon [Park, Mauchline, 1994].
Therefore the aim of our study was to identify additional
morphological features and the species-specific location
of integumental pores in morphologically similar male
species of the genus Nannocalanus.

Material and methods

Specimens of Nannocalanus were taken from the Gulf of
Aden, the Arabian and Laccadive Seas (depths from 40 to 3000
m) (Fig. 1, Table 1). Zooplankton samples were taken by vertical
net hauls from different depths on scientific research voyages
of the Azov-Black Sea Institute of Fisheries and Oceanography,
and then transferred to us for detailed taxonomic studies. N.

minor individuals from the Strait of Sicily in the Mediterranean
Sea, a place close to its original description, were transferred to
us from the collection of the Institute of Biology of the South-
ern Seas (IBSS, Sevastopol). Samples were stored in a 3—4%
buffered formalin solution in seawater.

Body length of all specimens was measured from the an-
terior edge of cephalon to the posterior border of caudal rami.
After that the abdomens of the crustaceans were stained with
aniline red dye using the express method of examining the
organs of the integument [Alekseev, Naumova, 2005]. First
the soft tissues of the crustaceans were dissolved in a drop of
sodium hypochlorite solution. After that the exoskeleton was
placed in distilled water, and then on a glass slide in a drop of
dye. By rapidly heating the slide with a gas lighter the dye was
brought to a boil, after which the exoskeleton was transferred
to distilled water. To sketch the pores, the abdomen was placed
on a slide in a drop of glycerin with a cover glass.

Length of the serrated part of the inner edge of the left
coxopodite of the fifth pair of swimming legs to the entire
length of this edge ratio was measured in males. The following
common abbreviations are used in the article: P5 — 5th pair
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Table 1. Sampling information.
Tabnura 1. XapakreprcTHKa UCCIIEIOBAHHOTO MaTepHaa.
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Ara- 679 “Lesnoy” | 24°22'1" 65°50" 356 100-0 14.00 | 04.01.67 3 3
bian “Voro-
Sea 111 biey” 21°50'5" 64°35' 3000 8.45 8 3
Lacca-
dive 789 “Lesnoy” 7°34'6" 77°33'4" 80 80-0 17.00 | 23.01.67 18 6
Sea
Ip 12 11°42' 46°13' 1866 23.00 10
G:éf of Unknown
en 108 14°47'5" | 49°55' 40 37-0 01.08.71 12
Ip 72 36°10'5” | 12°35'5” | 1200 | 120-52 | 16.09 | 14.01.70 2
Ip 73 36°40'5" | 12°35'5” | 1200 | 51-26 16.15 | 14.01.70 2
. “Alexandr
Strait 74 A 36°40'5" 12°35'5" 1200 | 25-10 16.21 14.01.70 4
of .
Sicily 89 Kol\(/gl’e’v- 36°592" 11°35'8" | 418 52-26 | 07.50 | 16.01.70 2
skiy
99 36°592" 11°35'8" | 418 11-0 13.15 | 16.01.70 1
116 36°59'5" 11°19'8" | 220 50-25 | 00.27 | 16.01.70 2

of swimming legs, B1 — coxopodite. A total of 93 crustaceans
were colored and studied: Nannocalanus major 3 — 51, N.
sewelli 3 — 12, N. minor & — 30 specimens.

Optical microscopes MBR-1 and MBD-1 were used in this
study. Drawings were made with the RA-4 drawing machine.

Results

Analysis of the location and number of external pores
on the abdomen of male Nannocalanus from the northern
Indian Ocean made it possible to divide individuals into
two species, since there is a constant number of pores
on the chitin of the abdomen with fixed location. It was
shown that there was some variability in pore location on
the cephalothorax, although the main pattern remained.
Thus, the number and location of pores on the abdomen
can be identified as a stable morphological feature for
distinguishing between closely related species. Some
morphological features for each of the three species have
been studied (Table 2).

N. major, male (Figs 2A—B, 3A, 4A—B). Total body
length 1.46—1.88 mm (average 1.60 mm, n=30). The gna-
thobase of maxillular praeccoxopodite bears 2—4 denticles
and one small seta at the base of the first pair of denticles
(n=50). The number of denticles on the inner surface of
B1P5 is 12—16 (average 14.0, n=24) for the left coxopo-
dite, and 9—16 (average 12.6) for the right one. The ratio
of the serrated part to the entire part of BIP5 is 77-98%
(average 81%, n=24).

In the distal part of the first segment of the abdomen
(left view), both pores are located at different levels rela-

tive to the distal edge of the segment. Dorsally, only one
of these pores is visible, approximately in the middle of
this segment, always above the chitinous fold. On the
second, third and fourth segments of the abdomen (left
view), the pores in its median part are located almost at
the same level relative to the distal edge of the segment.
Dorsally, there is one pair of pores in the middle part of
the second, third and fourth segments.

N. sewelli, male (Figs 2C—D, 4C—D). Total body
length 1.52—1.60 mm (average 1.52 mm, n=8). The gna-
thobase of maxillular praecoxopodite bears one small seta
at the base of the first pair of denticles, 6 out of 20 exam-
ined specimens had 3—4 weakly pronounced denticles.

The number of denticles on the inner surface of B1P5
is 12—14 (average 13.2, n=5) for the left coxopodite, and
10—14 (average 12.2) for the right one. The ratio of the
serrated part to the entire part of B1P5 is 78—92% (aver-
age 84%, n=0).

In the distal part of the first segment of the abdomen
(left view), both pores are located at the same level rela-
tive to the distal edge of the segment. Dorsally, only one
of these pores is visible, located at the base of the chitin-
ous fold, about 1/3 of the length of this segment from the
distal edge. On the second segment of the abdomen (left
view), the pores in its middle part are located at different
levels relative to the distal edge of the segment. Dorsally,
there is one pair of pores in the middle part of the second,
third and fourth segments.

N. minor, male (Figs 3B, 4E—F). Total body length
1.62—1.80 mm (average 1.70 mm, n=30). The gnathobase
of maxillular praeccoxopodite bears 1-2 rows of denticles
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Table 2. Morphological characteristics of the three Nannocalanus species.
Tabnuua 2. Mopdonorudeckue XapakTepuCcTUKU TpeX BUIoB Nannocalanus.

N. major N. sewelli N. minor
Range, mm 1.46—1,88 1.52-1.60 1.62-1.80
Body length Averfge, mm 1.60 1.52 1.70
left Range, mm 12-16 12-14 10-18
Number of Average, mm 14 13.20 13
denticles on B1P5 right Range, mm 9-16 10-14 9-15
Average, mm 12.60 12.20 12.40
Ratio of the Range, % 77-98 78-92 83-94
serrated part of
the left BIPS to Average, % 80.90 84 90
its whole length
D

Fig. 2. Habitus of Nannocalanus major (A, B) and N. sewelli (C, B) males: left view (A, C), dorsal view (B, C).
Puc. 2. Bremmnwuit Bun camioB Nannocalanus major (A, B) u N. sewelli (C, D): Bux cuesa (A, C), Bux co cnunsl (B, D).

and one small seta at the base of the first pair of denticles
(n = 8). The number of denticles on the inner surface of
B1P5 is 10—18 (average 13.0, n=18) for the left coxopo-
dite, and 9—15 (average 12.0) for the right one. The ratio
of the serrated part to the entire part of B1P5 is 83-94%
(average 90%, n=18).

In the distal part of the first segment of the abdomen
(left view), both pores are located at different levels
relative to its distal edge. Dorsally, only one of the pores
is visible, located approximately in the middle of this
segment and always above the chitinous fold. In the sec-
ond segment of the abdomen (left view), the pores in its

middle part are located at different levels relative to the
distal edge of the segment.

Discussion

For a long time the genus Nannocalanus was con-
sidered monotypic. It was due to the fact that females
and males from different parts of the World Ocean are
morphologically poorly distinguishable. However, de-
tailed morphological studies of populations from the
Indian and Pacific Oceans have led the genus currently
including four species: N. minor, N. major, N. sewelli
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Fig. 3. The gnathobase of maxillular praecoxopodite of Nannocalanus major (A) and N. minor (B)
Puc. 3. 'naro6a3za npexokconoauta Mmakcunyiuisl Nannocalanus major (A) u N. minor (B).

Fig. 4. Abdomen and caudal rami, left lateral view (A, C, E) and dorsal side (B, D, F) of Nannocalanus major (A—B), N. sewelli (C—D) and

N. minor (E-F) males. Key diagnostic pores are marked with frames.

Puc. 4. AbnomeH u pypkanbHble BETBH JaTepaibHo ciieBa (A, C, E) u ¢ nopcansuoii ctopons! (B, D, F) camuos Nannocalanus major (A—B),
N. sewelli (C—D) u N. minor (E—F). KntoueBble AUarHoCTUYECKUE MOPHI BBIACICHBI PAMKaMHU.

and N. elegans [Claus, 1863; Sewell, 1929; Kazus, 2009;
Andronov, 2001]. Therefore, finding reliable diagnostic
criteria became necessary since an accurate identification
of these species is very important for ecological and bio-
geographic studies, and simple morphological methods,
as our work has shown, are not always sufficient. Our
fast and accessible method of integumental pore analysis
solves this problem for males, allowing us to accurately
distinguish the Indo-Pacific species (N. major and N.
sewelli) from each other and distinguish them from the
Mediterranean N. minor-.

Morphological studies of body length, the number
of denticles on the inner edge of the left and right B1P5
and the ratio of the length of the serrated part of the inner
edge of the left BIPS5 to the entire length conducted for
N. major and N. sewelli males did not reveal significant
differences between them. Denticles on the gnathobase

of the maxillular praecoxopodite were present in males of
all three species, however in N. sewelli males they were
sometimes absent.

Thus, the specific pore location on the abdomen of
males is the only reliable criterion for species identifica-
tion of Nannocalanus males which can be used for further
comparative studies with populations from other regions
of the World Ocean.
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