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ABSTRAOT

4 subject of the presemt study is Benthosema glaciale
from the North Atlantic, Sexual cycle in female benthosema
is studied, Maturation cf fish from the Grand bank and
Plemish Cap (Northwest Atlantic) is found to start whem they
are 45;48 mm in length and those from the Haston Plateau
(Northeast Atlantic) at 33-35 mm,

Continuous asynchromous vitellogenesis, typical of fa;
male benthosema, is prerequisite for s seriasl spawning. Tro;
phoplasmatic growth of ova continues for about 3—4 months,
from October~November to January in females from the North;
west Atlantic, The spawning period in the Forphwest Atlantic
continues from January till April and +ill Jume in the Rorth-
east Atlantic,

Eumber of eggs in a series/individual fecundity ratio,
from 17% to 2g%, shows that, at leaat, 5 seriasrof ORRS are
spawned, The number of ova with yolk in ovaries bsfore spaw-

pning amounts to 7,5-18 thou,

INTRCDUCTION

Benthosema glaciale is a most common and abundent myc—
tophtd species in the North Atlamtic with a distribution
range from 35* to 72® K in the west and from 30® to 80°R
in the east, ihe'disfribution of_banthqsei;-is-closelyArn?
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lated to circulation of water masses, Largest comcentrations
were found at 54°N, 40°W and 58°N, 21°W (Bekker, 1983).

Together !1fh other species of anchovy benthosenma
appears to be a link in the trophic web of oceanic pelagial
and, therefore, 18 of interest for scientists, Bdne aspects
of the life cycle have been described by Taning (1918},
GJéoaeter (1973), Some problems'or-mnturltion and reproduc-
tion have been considered in papers by Halliday {197Q),
Glésseter (1981). _ 7

_ The aim of the present paper is to describe sqparafe
stages of the reproductive cycle, spawning pattern, fq‘do-
termine individusl fecundity and specify the btime of spaw;
ning of female benthosema from wastern and eastern areas

of the North Atlantic.
HLTERIAL AND METHODS

The majority of sauples vag.cbllectod by research ves;
sels HG—1556 "Kokshaisk" apd MG=1362 "Vilnyus" in the perioed
grom October to July 1984-1985. Obsai-vatio_na'wpr; nade in
the area from 42° to-BEQN'in the weat and from 54° to 58‘ﬁ '
in the sast of the North Atlantic (Fig, 1). Sampling depth
was from 200 to 500 m, Benthosema glaciale was one ‘of mnst .

' .plantiful myctophid specles in all aamplea._-

The sPecies is chanacterized by sexual dimorphisms

" there was a supracaudal gland in the upper side -of the cau- '
'dnl peduncle in males and an infraoaudal fluoroscent gland )

outlined by a atrip of black pigment in the. lower sida of

tha caudal peduncle in femalea.

The length of fish ransed fromw 30 to 80 mm, no. di.f— -
ferancea were observed between males and’ femalos. Sex’ ratio
was 1.2:1, males predominatgd.

A total of 282 females was fixed in the Bouin's fluid
for microscopic examination, 10 fish webo‘grééérigd in 10%
formalin for bathymstric analysis.

_ Preparation and histological treatment were made in

accordg;ce with stgndgnd‘methodsl trgatnspt-by alcohols of.
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increasing concentratioﬂ,lparartinmxylene, imbo&ding in '
paraffin; Thin sections (5-6 pim) were stained in hematoxy-
linafter Heidenhein, _

~ To determine the number of eggs in a series and fecun-
dity, ripe ova and oocjtes;with yolk‘wore'couhted.by size
groups; , - , o o

Whole ovaries and semples were weighed in torsion ba-
lance of the PRLI type; - ‘ )

Righess of gonads was evaluated following a76¥point :
scale (Sékun, Butskaya, 1968). " | ‘

RESULAR

ﬁorthwaat Atlgntic; The lehgth of female Lenthosema
from the Grand bank and Flemizsh Cap varied from 30 to 80 um,
Ovaries in fish smaller 45 mm looked like translucent £ila=
menta, Developing oocytes were completely invisible; Ove of
older generation were in a phase of aingle-layer folliclo;
Maturity factor did not exceed 0;75: These fish were consi-
dered immatgre. . _ -

quh larger 46 mm were considered mature, because from

" October-Hovember the ovum diameter and welght of ovaries

in those females were cbserved to increase, In early October

these females had emall genitel glands, P%ir roundish ova-

rian lobes were different in weight and their colour was

cause their diameter did not exceed 0,7 mm, By late Fovem—

ber the diameter of older oocytes increased to 0,3 mm, His-

- opaque white, Ovarian sections did pot show single ova, be-

toiogical analyeis suggosted evidence tha? there was an iqf:
tensive accumulatiqn of yolk in cytoplasm, The msturity fac-
tor varied from 0;95 to 2;2%;

~ In December ovaries in mature fish were found to in-
crease in welght and b?cgme pale yellow or creamish, Eggs

|
with the dlameter of 0,4~0,5 nm were visible to the naked

eye through a membrane, In oldsr the aoquulation of yolk
was nearly completed, The maturity factor varlied from 1.5%

to 5.7%,



In January overies in the majority of females wers

filled with ova with yolk, Fish in a pre-spawning condition
were also found, In those £ish ovaries occcupied the whole

vacent space in the abdominal cavity, Transparent -eggs O,8-
0;9 mn ip the diameter were cbserved throughout the whole
ovary among ova with yolk with the dlameter from 0;1 %o

0;5 gm; The maturity factor in pre-spawning fish reached

9o e _

In the end of the month ovaries in a part of fish were
flaccid, gland cavity was filled with ovarian fluid; Kearly
balf of ripe eggs was released; The maturity factor was below
4,5, |

In February and March female benthosema larger 48 mn were
found to have next series of ripening oocytes; Sections of ,
genital glands showed residual follicleas from released eggs,
The maturity factor varled from 2;4 to 5.9,

The meturity factor in females from the westerm slope
of the Plemish Cap (rig;ﬂ aid not exceed 2,1%, Histologlcal
analysis showed that there was massive resorption of eEgs
with yolk in the ovaries., The resorpt?on started with dis-
tructive transformaticns in a nucleus, It became firmer
and reduced in size, Epithelial cella, forming a follicle
hround.dagenerating ooéytas, acﬁuire cubic form, their nuclel
beceme roundish, Yolk grasules resolved inside vacucles,
which gradually filled the cytoplasm; .

In April the majority of females continued spnwgins..
The ovaries contained ova at stage of vitellogeneais, how-
ever, & great portiom of the potential fund had been spent,
which was confirmed by the presence of numerous residusl
follicles,

In the end of the month completely spent fish appeared;
Ovarlian membrane was thicker and internal cavity emptier;
Egg-carrying lamellae contained residual follicular membranes
and‘a small number of ova at “overtaking stages™, The matu-

rity faotor decreased to 1.9-é,5$;
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In May and Junerull fish larger 50 nm were found te
heve traces of completed spawning, Post-spawning reco&ering
was resumed in the ovaries, In sections of genital glands
remnants of atretic bodies were observed and groups of epi-
thellal cells in resorption sites, The maturity factor re~
mained low from 1 3 to 1.5%.

Northeast Atlamtic. Our maferial is restricted to samples
collected in April, May and June,

In April females benthosems from the Hattonm Plateau
were ## to 57 mm in length, Their ovaries were large snd
phle yellow; Eggs ware seen through a membra;o. Older ova
0.3-0.4 mm in the diameter were at final phalsen of yolk
accum&lation. Empty follicular membranes were bbservad 1n
ovarian sectlons, an indication of partial spawnlng. The
matu:ity factor was from 2,9 to 8, GI.

' In May females 33 to 60 mn in length pertained to fish
which continued spawning, Next generations of ova were.

" ripening in the ovaries of those females, The maturity fac-
tor tended to decrease and was 2.2 to 4.6%. ]

In June the majority of females from the Hatton Plateau
8ti1l]l contained ova with yolk; Numerous empty follicles
observed in ovarian sectioﬂs indicated that a greater portion
of eggs from the potential fund was released, Completely
spent flsh weres found., Remnants of follicular membranes and
a smell number of egge at "overtaking stages® were found
in the ovaries together with oocytes from a reserve fund, The
maturity factor comstituted 2,1 to 4,%%. _

Atter summarizing the data we made an attempt to con=-
struct a scheme of a sexual cycle for females, Observations
made by Halliday (1970) and Gjﬁsaetsr (1981) showed that ben-
thosema spawned at age 2~3 years, First female spawners from
different areas differed in length, for example, the minimum
length of fish, participating in the spawning, was 33=35 mm
on the Hatton Plateau and it was 44—46 mm on the Grand bank
and Plemish Cap,
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Gonads of benthosema from the Gramd bank and Flewish
‘Cap matured during sutumn and winter, from October-November
to late Deceﬁber. Duiing the whole period ovaries were at
stege III! and they were at stage IV for no longer than
tﬁO'ibeks. After releasing & next portion of ovulated eggs
the ovaries were characterized by developmental stage VI;III.
The spawning period continued till April, Ovaries of spent
fish were recovering from May to July, during thia they
were at stage VI-IIi _ _ ) . ‘

Terms of spawning, from January to April, are confirmed .
by data on the occurremce of larvas (Serebryakov et al;;
1984; Albikovskaya, 1987); The authors reported on the oo;
currence of larval and post-larval benthosema on the Grand

“bank and Flemish Cap from March te July.

Bome stages of the sexual cycle coincide with chang@a
in the feeding intensity of fish; According to Albikovskaya
(1987) the intensity of feeding of bemthosema increased du-
ring summer and reached its mnxiﬁum in September-November,
it remained at a high level duiing'pecember and January, i;é.
sexual maturation fell at the period of most intensive feew-
ding;

In the Northeasf Atlantic maturing and partially spent
females were found on the Hatton Plateau, where benthosema
peemed to spawn during spring and summer; Our results are
in agreement with the data by Karaseva et al, (1986); The
researchers inferred that the centre of the spawning area
lay between 51° and 55‘H, where in late May - early June great
quantities of larvae were observed.

Differences in the time of sexual maturation and terms
of spawning of benthosema from the western and eastern areas
of the North Atlantic are reflected in discrepancies bet-
ween mean maturity factors in mature females by months (Fig;2);

Ovaries of maturing fish from both weatern and eastern
areas of the North Atlamtic contained simulteneously eggs
of different diameter; emall eggs, from 0;08 to 9;1 mm pre—
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va;led'ang'their number was abdut 208 of the tﬁtal number
of méasured OOcytes; There was a slight peak generated by
eggs from 0;4 to 0;5 qm_in the diame#of in fhe end of the
length frbquency distribﬁtipp (Pig; 5)1

Gharacter;atiqa typica; of sgrial spawners were deter-
mined'aa a result of histological analysiss eggs at thgﬂpe-
riod of vitellogenesis differed in the dinﬁetor, numb&rhpf
oil balls, yolk depositioni There waa a group of synchronous-
ly matuping ococytes among sggs completing trophoplasmatic
growth; The relative number of cocytes in a generated series
constituted from 17% to 26% of the total number of eggs with
yolk (Table 1), ‘

According to Oven (1976) the like varlistioms in the number of
eggs in a serles/individusl fecundity ratio are indicative of
a aarial‘spawningi_

Unfortunately, we had no cpportunity to count precisely
the number of egg releases experimentally, therefore, an at-

tempt was made to determine the number of series from weight
characteristics of ripe egga (Table 2),

CONCLUSIONB

Btudies of the reproductive system in female benthosema
showed that fish from thé Grand bank and Flemish Oap started
to mature sexually at 1pggth Irom 46 to 48 nm:and those from
the Hatton Plateau at 33-35 mm; Trophoplasmatic growth of
eggs took place in autumn and winter in fish from western

abqns,and-in winter and spring in those from eastern areas:

Maturation of ovaries is of continous type, The total
number of ova with yolk in ovaries before spawning amounts
to 7.,5-18 thou, The spawning occurg once a year and it is

compoaed of several egg ?pleapqs. No less than 5 series of
- @gg8 ripen during the spawning period, .
The spawning peried of benthosema from the Northwes® At
lantlc continues from January to April, and in the Northeast
Atlantic it is cogpieted.not earlier than June,
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On thegroumds- of differences’ in'the maturetion rate
‘and'. time: of spawning; at least, twb'independent‘spawning‘po—
- pulations~may-be:supposed to. inhabit: tbe-nérﬁh-ulantic.

Total resorption: of eggs with- yolk ‘observed- in female
benthoseme indicates that environmental conditions: in the:
distpihution:aroarof the- species are: not' always favourable:
) forrspaining; In the: Northwest Atlhntic”thiS“refersito'ar;aa‘
west: of: 47°W; influenced by “the-Labrador. Current;
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Table 1.
Number of eggs in a series/individual fecumdity
ratio in female B,.glaciale from the Northwest
Atlantic

Weight i1MaturitysNumber of : Individusl 3 Number of eggs in —
[V tfactor, toggs in a 1 fecundity s a series/individual

-o;;ri : % : serlea : ‘ : f_ecundity ratio,
1%6.8 3,3 W% 80 17,4
167.0 3.8 1303 6610 19.7
199,5 4f1 1764 6910 25.5 "
176.5 43 259 . 900 23.5
303.5 45 1966 10980 79
239.5 4,9 1666 8120 20,5
232.0 5,9 1355 7350 18,4
22055 5.1 2115 sé&o 23,7
280.7 5.5 1390 8020 17.3

174.3 6.0 1255 7530 16,7
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Table 2. Number of series of ripe eggs

Body $Ovary :Sample 1Indiv. 1Ovary sTheortsActual:Number
wolght,sweightsweight, ifecund,iweight smatur,:matur.sof series

ng t og 31100 trans-i t1in casetfactorsfactorsTheor.f.
: sperent 5 tit'a 1 % 3 frm————
s 1eggs, 3 sfilled 3 s sActual f,
s 4 ng ] twith -3 H ]
s i 3 ttranap,: ] s
H $ seggs, o 3 s
3 i s $ mg s :
6800 303,5 14,75 10980 1620 23,8 4.5 5.3
5100  280.7 15.25 8020 1223 24,0 5,5 4,4
3950  232,0 17.25 7350 1268 32,1 5.9 Seth

2900  174.3 10,50 7530 791 27.3 6.0 4.6

* Theoretical maturity factor is calculated from ovarian weight
when they are filled with trapsparent eggs,

Fig, 1 Sampling sites,

T
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Fig. 2 Mean maturity factors in mature female
benthosema froattthe North Atlnntics
I = Grand bank, Flemish an
II - Hatton Plteau

01 02 03 a4 05 MM

Pig, 3 Leiéth distnibutidi of ova with yolk,
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