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Over the past decade the positive trends in the average annual number of fish larvae and in the copepod
population dynamics in the coastal area of the Black Sea agree. The increased fish larvae abundance
is hypothesized due to improvement of their nutrition associated with the drastic increase in number
of introduced invasive cyclopoid copepod Oithona davisae. This assumption is difficult to be verified
through fish gut content analysis in absence of methodology allowing prey species identification from
their fragmentary residual remnants. Our paper offers an original approach to identification of several
common copepod prey using specific distinctive features detected on their chitin fragments from guts of
fish larvae and juveniles. To identify specific features of the common species from the coastal areas off
Sevastopol (Acartia tonsa, Oithona davisae, Longipedia sp., Cyclopina sp.), alive copepods were isolated
from the samples and reared as monospecific cultures in laboratory. Images of alive copepods of each
species at successive stages of development and their moulted exoskeletons were compared with the images
of chitin remnants found in the fish guts. This technique discloses relatively intact specific morphological
features remaining undigested in chitin fragments of prey. These species-specific taxonomic features are
suggested to be used for trophic analysis of the Black Sea fishes at early stages of development. Application
of proposed method is helpful for assessment of qualitative and quantitative composition of consumed
prey and selectivity of fish, especially during the changes in zooplankton community structure affecting
significantly survival of fish generations.
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Numerous studies have shown that small copepods at
all stages of their development are the initial and the
main prey of fish larvae [3, 16]. The positive trend
of average annual number of fish larvae in the Black
Sea coastal waters is observed last decade and corre-
sponded to positive trend in copepod population dy-
namics [9]. The increase of fish larvae abundance in
the Black Sea is assumed to be related to the improve-
ment of their food web associated with the introduc-
tion of a new species of cyclopoid copepods, Oithona

davisae Ferrari & Orsi, 1984, which currently dom-
inate in zooplankton community in the second half
of the year. Verification of this hypothesis through
studying of gut contents of fish larvae and juveniles is
complicated because the food items are changed sig-
nificantly during digestion. Various chitinized cuticu-
lar processes on copepod carapace and limbs such as
spines, setae etc. used as identification keys for cope-
pods, are often not found after digestion. The only
known special guide for identification of prey items
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by their fragments from the guts exists only for the
fresh-water organisms [2] while none was found for
marine fish and their prey. The lack of methodologi-
cal base for identification of food items by their resid-
ual fragments complicates the taxonomic identifica-
tion of consumed items, and makes it difficult to as-
sess the contribution of different prey species to feed-
ing of fish at early stages. The goal of our work is to
propose our own approach to find specific features on
chitin fragments of several common copepod species
(needed for identification of their chitin fragments
from fish larvae guts) by comparison of alive prey and
their post-mortem analogues from fish guts. In partic-
ular, to assess the importance of different stages of
Oithona davisae in the fish diet it was necessary to de-
termine specific identification features for this cope-
pod species different from other common copepod
species found in the fish guts.

MATERIAL AND METHODS

Fish were sampled during the warm periods in
2013 and 2014. Mugil juveniles were caught in the
open sea by neuston net in August, 2013, and with
a dip net in a shallow coastal area of Sevastopol Bay
in August — September. Other species of fish larvae
were caught in August, 2014 by both neuston and Bo-
gorov — Rass ichthyoplankton nets.

Feeding of fish larvae and juveniles was stud-
ied after method [7]. Samples were preserved in a
4 % solution of formaldehyde. Identification of fish
larvae species was carried out according [6]. Iden-
tification of food items in fish guts was carried out
by [10, 11] with the exception of invasive cyclopoid
copepod Oithona davisae; for identification of cope-
pod stages of this species was carried out by [8] and
nauplii by [14].

Study of fish feeding was based on analysis of
guts contents of analysis was carried out for 63
specimens of mugil juveniles and 227 specimens of
fish larvae from Engraulidae, Mugilidae, Atherinidae,
Carangidae, Sciaenidae, Sparidae, Mullidae, Labri-
dae, Blenniidae, Gobiidae, Callionymidae families.
Larvae were dissected under a binocular microscope,
guts were separated from the larvae body and there-
after the guts were cut off with two thin needles, and
the gut contents removed to a drop of fresh water
with addition of glycerine on a glass slide and exam-
ined under microscope. Food items found in guts were

measured under Nikon Eclipse 200 at a magnification
x 100 and x 400 and identified to maximum possible
taxon.

After complete digestion of copepods their chitin
exoskeleton, or at least some of its identifiable compo-
nents are usually severely damaged. Therefore, it was
necessary to highlight the most typical specific details
of chitin exoskeleton left even on deformed remnants
which allow identification of the prey taxon. For com-
parison and analysis of food items and their fragments
in the guts, the most common copepods species were
selected: Oithona davisae (copepodite and nauplii),
Acartia clausi Giesbrecht, 1889 + A. fonsa Dana, 1849
(nauplii), Cyclopina Claus, 1886, sp. (copepodite and
nauplii), Longipedia Claus, 1883, sp. (nauplii).

To identify specific features of the common cope-
pods from Sevastopol coastal areas (Acartia sp.,
Oithona davisae, Longipedia sp., Cyclopina sp.), these
copepods were isolated from alive zooplankton sam-
ples, and reared as monospecific cultures in labora-
tory conditions. Additionally, for comparison, alive
marine Cladocera were sampled from the field.

Digital images of alive copepods from laboratory
cultures at successive development stages and their
moulted exoskeletons were compared with the images
of chitin remnants found in the fish guts were taken
with a camera Ikegami ICD-848P attached to the in-
verted microscope Nikon Eclipse 200, at magnifica-
tion x 100 and x 400. The images were processed
in the program ImageJ 1.45s (National Institutes of
Health, USA) [4].

RESULTS AND DISCUSSION

Currently copepods of Oithona genus in the Black
Sea are represented by two species: invasive Oithona
davisae and aboriginal species Oithona similis Claus,
1866. The latter species as opposed to thermophilic
O. davisae inhabit the upper sea layers only during
cold season [5], and therefore, may be excluded from
the possible fish prey during the warm season. In ad-
dition, O. similis is about 1.3 times larger and has no
rostrum, which is characteristic of invasive species
O. davisae 8, 15].

Specific features of females and copepod
stages of O. davisae. Among the studied food items
O. davisae late copepodite and adult female stages can
be easily identified due to their sharply curved rostrum
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Figure 1. Females of Oithona davisae: A — alive specimen from the culture; B-E — specimens from fish guts: B
— from the foregut, start of digestion, CT 0.3 mm; C — from the midgut CT 0.23 mm; D — completely digested
copepods — chitin remnants of CT 0.3 mm and E — completely digested specimen from the hindgut, deformed
and squashed CT 0.3 mm; F — completely digested copepod, head area. Arrows point to the rostrum of females;
CT — cephalothorax. Photo: 1A—1E — magnification x 100; 1F — magnification x 400

Fig. 1. Cawmku Oithona davisae: A — xuBast 0coOb U3 KyJbTypbl; B-E — 0c00M M3 KUIIIEYHUKOB JIMUUHOK
pbi0: B — 13 BepxHero otrjeNa KuilieuHWKa, Hadayno nepepapupanus, 11d 0.3 mm; C — u3 cpenHel vactu
kueyHrka, 1P 0.23 mm; D — nosHOCThIO IEpeBapeHHast KONEno/1a, OCTaTKU XUTUHOBOIO NoKpoBa, LId 0.3 mm;
E — nosnHocThIO mepeBapeHHast KOINEeNoAa U3 HUKHEro oTAesa KullleyHuka, crumomeHHsii P 0.3 mm; F —
TMOJTHOCTBIO TiepeBapeHHasl KOTeNo/1a, OCTATKA XUTUHOBOTO MOKPOBa, rojioBa. CTpesKy yKa3blBalOT HA POCTPYM

camok O. davisae; L1® — nedanoropaxc. Poto: 1A—1E — npu ysennyenun x 100; 1F — npu yBermuenun x 400

Figure 2. Nauplii of Acarfia spp.: A — alive specimen from the culture; B — nauplius, drawing from [11]; C —
alive specimen with focus on its ventral setae; D and E — remains of chitin exoskeleton of completely digested
nauplius from the hindgut. Thin arrows point to the ventral setae of Acartia nauplius. Thick arrows point to the
long caudal setae of Acartia nauplius. Photo: 2A-2C — magnification x 100; 2D, 2E — magnification x 400

Fig. 2. Haymumycol Acartia spp: A — xuBasi 0ocodb U3 KyIbTypsl; B — Haymmyc, pucynok u3 [11]; C —
KuBask 0coOb ¢ (POKYCOM Ha psiibl BEHTPAIbHBIX METHHOK; D u E — ocTaTku XUTHHOBOTO MOKPOBA MOJHOCTHIO
TepeBapeHHbIX HAaYTUIMYCOB U3 HIKHEN 4acTy KMIIeYHHKA. TOHKME CTPEesKM YKa3blBalOT Ha PsIbl BEHTPAJIbHBIX
HIETHHOK Y HaYIUTYCcOB Acartia. ToJCTbIe CTPEJIKHM yKa3bIBAIOT HA JAJMHHbBIE KayAaabHble [IETUHKU Y HAYIUINYCOB
Acartia. Poro: 2A-2C — yeemmuenue x 100; 2D, 2E — yBemyenue x 400
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Figure 3. Nauplii of Oithona davisae: A—C — specimens with caudal setae arranged parallelly; D-F — spec-
imens with crossed caudal setae; A and D — alive specimens from the culture; B and E — chitin exoskeleton
remains of completely digested nauplius from the midgut; C and F — deformed chitin exoskeleton of completely
digested nauplius from the hindgut. Identification characteristics: 1) arrows point to pair of caudal spines; 2)
species-specific attachment shape of caudal spines is showed by ellipse. Photo: 3A and 3D — magnification
x 100; 3B, 3C, 3F, 3E — magnification x 400

Fig. 3. Haymmycw Oithona davisae: A—C — ocobu ¢ napajuieSbHbIMUA KayAalbHBIMK IunamMu; D-F —
CO CKpelIeHHBIMHM KayJajdbHbIMM IMnamu; A u D — xuBble ocoOu u3 KympTyphl; B u E — xutuHOBBIE
MOKPOBBI TIOJIHOCTBIO TIepeBapeHHBIX HAYIUIMYcOB M3 cpennero kumeuynuka, C u F — nedopmupoBaHHbie
XUTHHOBBIE TIOKPOBbI U3 HIKHEN YacTH KuileyHuKa. OIpeaesnuTelbHbple IPU3HAKU: 1) CTPEJIKM yKa3blBalOT Ha
napy KayAaJbpHbIX LIMIOB; 2) BUgocnenuduyHas Gopma NpUKperIeHns KayJabHbIX [IUIIOB 0OBEAEHA OBAJIOM.
®oto: 3A u 3D — yBenmuuenue x 100; 3B, 3C, 3F , 3E — yBenuuenue x 400

Figure 4. Cyclopina sp.: A — alive adult specimen from culture; B — adult specimen, drawing from [10]; C —
semi-digested specimen from the midgut; digested specimen from the hindgut; D — completely digested copepod,
chitin remnants (cephalothorax and abdomen); E — alive nauplius from culture. Photo: 4 A—4D — magnification
x 100; 4E — magnification x 400

Fig. 4. Cyclopina sp.: A — xuBas B3pocnas 0codb U3 KyJIbTyphl; B — B3pocinas ocodp, pucyrok us [10]; C —
noJyrnepeBapeHHass 0co0b U3 CPEIHEro OTAe A KUILIEYHUKA; IepeBapeHHast 0co0b U3 HUKHETO OT/iella KUIIEYHHUKA,;
D — ocratku XMTHHOBOTrO MoKpoBa (UedanoTopakca u abaoMeHa) Komenonurta; E — XuBOH Haymimyc w3
KyJIbTypbl. Poto: 4A—4D — yBermmuenue x 100; 4E — yBennuenue x 400
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Figure 5. Naupllii of Longipedia sp.: A — alive specimen from culture; B — specimen from larvae fish midgut
with undigested lipid drops with coloured lipid-soluble pigments; C — chitin exoskeleton of completely digested
items from the hindgut; D — digested remains of Cladocera (the black spot at the top — remains of the faceted
eye). Braces point at caudal process of Longipedia sp. nauplii. The shaded arrow point to caudal process on Clado-

cera carapace. Photo: 5A-5D — magnification x 100

Fig. 5. Haynmmycsl rapnakTMKouIHbIX Komenon, Longipedia sp.: A — xuBasi 0coOb U3 KyJIbTyphl; B — 0co0b
U3 CpeIHero OT/eNa KUIIEYHUKA JIMYMHKHY PHIObI ¢ HelepeBapeHHBIMH BaKyOJISIMH JKHpPa C KUPOPACTBOPUMBIMU
nurmeHTamMu; C — XUTHHOBBIN TIOKPOB MOJHOCTBIO MEPEeBAPEHHOM 0COOM U3 3aIHEr0 OTJesia KUIlleYHruKa; D —
nepeBapeHHble octaTky Cladocera (4epHoe MATHO BBEpXy — OCTaTKH (haceTOUHOro riasa). PurypHbie CKOOKH
0003HAYAI0T KayAaJbHBI BHIPOCT HAYIUIMYcOB Longipedia sp. 3akpalieHHasi CTpesika — KayAaJbHbI BBHIPOCT

naHiups Cladocera. ®orto: SA-5D — yBenuuenue x 100

(fig. 1A). This specific feature (fig. 1F) starting with
late copepodite stages of development of this species
is the most important one and remains whatever de-
gree of digestion in larvae and juvenile fish guts in all
cases:

* in practically intact copepod is found in the
foregut (fig. 1B-1C);

* in semi-digested copepod from the midgut
(fig. 10);

* after significant deformation of chitin exoskeleton
when cephalothorax of O. davisae is found sepa-
rately from abdomen, mainly in the gut (fig. 1D);

* when cephalothorax is fully deformed, com-
pressed and twisted (fig. 1E).

Specific features of Acartia spp. and O. davisae
nauplii. Both nauplii Acartia spp. (fig. 2) and nau-
plii of O. davisae (fig. 3) dominate in the plankton of
the Black Sea coastal waters during the warm season
[1, 13], are common food items of the fish at early
stages of development, and it is important to distin-
guish from one another in the guts of fish.

Specific features of Acartia spp. nauplii (120—
240 um) (fig. 2) are symmetrical rows of small ventral
setae and the caudal armature represented by 4 short
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spines and 2 long crossed setae observed at the stage
of metanauplius [11, 12]. However, the caudal arma-
ture details disappear in digested Acartia nauplii. The
main distinct specific features remained in completely
digested deformed Acartia spp. nauplii (fig. 2D-2F)
are symmetrically located rows of ventral setae in the
posterior part of the body (fig. 2A-2E).

Nauplii of O. davisae (70-160 um) lack similar
symmetrically located rows of rows of ventral setae
but their distinct features from the stage of metanau-
plius (85-160 um) is their caudal armature presented
by 2 pairs of caudal setae and 1 pair of long and strong
caudal spines [14] attached to the small rectangular
protrusion (fig. 3A-3F).

Our study revealed that such identification feature
as “crossed caudal processes” (fig. 2B used in iden-
tification key [11]) cannot be applied for distinction
of the remnants of nauplii Acartia spp. from nauplii
of O. davisae because the caudal processes of the lat-
ter can also found crossed both in alive specimens
(fig. 3D) and digested ones (fig. 3F-3E). Long caudal
spines and their specific attachment mode are typical
for O. davisae nauplii remnants. Absent from other
Black Sea copepods nauplii, this species-specific fea-
ture remains unchanged even in case of strong de-
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formation and twisting of digested chitin exoskeleton
(fig. 3C, 3F).

Specific features of Oithona and Cyclopina
copepods. Additionally, it is often difficult to see
the difference between the remains of Oithona (0.22—
0.28 mm) and Cyclopina (0.20—0.24 mm) in the guts.
In case of weakly digested specimens identification
is beyond doubt: shorter antennules and thickened
and shortened abdomen indicates Cyclopina genus
(fig. 4A—-4D).

The rear part of Cyclopina sp. cephalothorax of is
greatly expanded in comparison with that of Oithona
but compressing and twisting of copepods carapaces
during digestion makes this characteristic useless for
identification of food items. In this case only the com-
plex of features: absence of typical for O. davisae ros-
trum on the head and abdomen morphology of these
species together with proportion of cephalothorax and
abdomen should be considered (fig. 1). Cyclopina nau-
plii (65-135 um) (fig. 4E) possess rather weak caudal
processes, and lack thick caudal spines compared to
those of O. davisae.

Specific features of Longipedia sp. nauplii. An-
other common food item in fish guts — Longipedia
sp. (Harpacticoida) (fig. SA-5C). No problem exists
in identification of alive (fig. 5A), or partially digested
(fig. 5B) Longipedia sp. nauplii but in case of signif-
icant digestion and deformation the caudal processes
of nauplii of this species can be mistakenly can be ac-
cepted for the caudal process on Cladocera carapace
(fig. 5D). Digested chitin remnants of the latter can
identified in most cases by a specific black pigment
indicating remains of the complex compound eye of
Cladocera (fig. SD). However, if the black pigmen-
tation of compound Cladocera eye is absent, atten-
tion should be paid to the proportions of the caudal
process: it is much longer relatively to the carapace
length of Longipedia sp. nauplii, and in Cladocera it
is shorter and has a broader base.

Thus, our research allowed us to mark out the spe-
cific chitin features of the copepod specimens that are
not subject to deformation under the action of digest-
ing processes and, therefore, are key indicators to de-
termine the digested food items.

Conclusions. Our approach allowed us to find out
specific taxonomic features of the common food items
of the fish larvae and juveniles (O. davisae, Cyclop-
ina sp., Acartia spp., and Longipedia sp.) remaining in

chitin residues after digestion in the guts. Application
of proposed method is proposed to use for feeding
analysis of the early stages of the Black Sea fish as it is
helpful for assessment of qualitative and quantitative
composition of consumed common prey and selectiv-
ity. It allowed us to assess the contribution of each
of these prey in the diet of the fish at early stages in
Sevastopol Bays [17], and could be useful for complex
analysis of ichthyoplankton changes especially during
the changes in zooplankton community structure, and,
thereafter for prediction of viability and survival of
fish generations.
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B nocrnenHee necsiTuieTe B MPUOPEXHBIX aKBaTOpUsX UEpHOro Mopsi HaOMOHAETCS TMOJIOKHUTEIbHBINA
TPEH]| CPETHEr0/I0BOM YUCIIEHHOCTH JIMYMHOK PhIO, KOTOPBIHA COBMAIAET C TPEHIOM YUCIIEHHOCTH KOTIETIO]I.
Ecth mpennonoxenue, 4To yBeJMYeHNE YHUCIEHHOCTH JIMYMHOK PhIO B UEPHOM MOpe B MOCIIEJHUE TOIbI
CBSI3aHO C YJIydIlIeHMeM WX KOPMOBOHW 0a3bl B pe3ysibTaTe MHTPOMYKIIMU HOBOTO Buja Korenon Oithona
davisae. TIpoBepka 3TOI TUMOTE3bl C MOMOIIBIO KCCIEAOBAHUS COACPKUMOTO KUIIEYHUKOB JIMYMHOK U
MOJIOZIU PbIO OCJIOKHSIETCSI OTCYTCTBUEM METOHOJIOTMYECKON 0a3bl AJisl OnpeAeieHus: OObEKTOB MUTAHUS
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10 1.V. VDODOVICH, A.N. KHANAYCHENKO, A.D. GUBANOVA, E. A. KOLESNIKOVA, L. 0. AGANESOVA

M0 MX OCTaTOYHBIM (pparMeHTam. Llenb paboThl — MpPeUIOKUTh COOCTBEHHBIH MOJIXO/T K UJICHTU(DUKAITUM
HEKOTOPBIX MAaCCOBBIX BHJIOB KOIENOJ M3 KUIIEUHUKOB JTMYMHOK M MOJIOAU PBIO MO UX crieludpruuecKum
OTJIMYMTENIHHBIM TPU3HAKaM, OTpeesieMbIM 10 HelepeBapeHHBIM XUTHHOBBIM (hparMeHTaM. MaccoBble
Bubl Konernof npubpexbsi Cepacromnoniss (Acartia tonsa, Oithona davisae, Longipedia sp., Cyclopina
Sp.) ObUIM BBIIETIEHB W3 TPUPOAHBIX YCIOBHI B J1aOOpaTOpHBIE KYJIbTYPHl, B KOTOPHIX IOJYYEHB BCE
MOC/IeI0BaTE/IbHbIe CTA/IUU Pa3BUTUS KaXIOTO BUIA. [[JIsl HAXOXKIEHUS OTJIMUYMTENbHBIX CHelU(pUIeCKUX
MIPU3HAKOB KaXI0TO BUJA POBEIEHO CPAaBHEHHE KUBBIX KOIEMO/ Ha MTOCTIeI0BATEIbHBIX CTAIUSAX PA3BUTHUS,
MX JITHOYHBIX IIKYPOK U KOIEINO/I U3 KUIIIEYHUKOB PO Ha pa3HBIX CTAUAX MX NIepeBapUBaHUsl. BbIsIBIICHBI
XapaKkTepHble IS Kaxa0ro Buaa hparMeHThl M A€TaIl XUTUHOBOTO CKeJIeTa pakoOOpa3HbIX, KOTOPHIE HE
nojBepraiorcs nedopManyy Jake B pe3ysbTaTe MUIIeBapUTEIbHBIX MPOLECCOB. DTH BUAOCTIEIM(DIIHBIE
MPU3HAKU TIPEIIOKEHO WCIIONB30BaTh MPU TPODOIOTMUECKOM aHAIM3e YEPHOMOPCKUX PBHIO Ha paHHUX
CTJUsIX PA3BUTHS, B YACTHOCTU TpPU OLIEHKE CE30HHBIX W JIOKAJTbHBIX W3MEHEHWH B KauyeCTBEHHOM W
KOJIMYECTBEHHOM COCTaBe MOTPEOIEHHOM MUY U U30UPATENIbHBIX CIIOCOOHOCTEH PhIO MO OTHOIICHUIO K
oIpe/IeIEHHBIM MUIIEBBIM 00beKTaM. [1peiokeHHBII MEeTO ] aHATI3a 0COOCHHO BaKeH MPU UCCIIEIOBAHUSX
B MEPUO/Ibl UBMEHEHUSI CTPYKTYPBI 300IUIAHKTOHHOTO COOOIIECTBA, OKA3bIBAIOIIETO 3HAUMMOE BIMSIHUE Ha
JKU3HECTIOCOOHOCTD U BBDKUBAEMOCTh T'eHEePaIvii phIo.
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