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Penilia avirostris Dava in the Indian Ocean (Cladocera)
Abstract

The records of the marine cladoceran Penilia avirostris DaNa in the Indian Ocean are discussed
as a further contribution to studies on the fcatures of ity world distribution. The review has
pointed out different aspects of the life cyele of the species and the influence of biologicnl and
environmental factors upon the mechanisms of the cycle itwelf. Production of P. auirostris is
considered on a trophic basis. Observitions carricd out clsewhere are also discussed.

“Pepilia orientalis” was first collected in the Indian Occan on March 5, 1842 in
the Sunda Strait (RicHARD, 1895). The species Penilia avirostris was then collected
in the Zanzibar waters on 14 May 1885 (StrukR, 1933a): other carly records con-
cerned a.‘‘few scattercd specimens” found in the plankton of Durban Bay (Braby,
1918) ;-later on ““Penilia schmackeri” was found in: Ceylon waters (RaMmyer, 1933
1934). In adjacent seas of the Indian Ocean, Penilia avirestris was collectcd in the
Suey, Canal (GURNEY, 1927), in the Red Sca (Sanrtuvcer, 1937) and in the Bangka
Strait (STEUER, 1933a). ' i

All these records, mainly related to the taxonomy and geographical distribution -
of the species, have to be considered ““historical”. 1t is now gencrally accepted that
all the species included in this genus belong to the single species Pénilia avirostris’
Dixa, 1849 (Carriey & Harping, 1949; DoLaororskasa, 1958), which hes a world-
wide distribution approximately between latitude 40° N ard S (DrnLa Crocg, 1964).

In the Madras coastal waters, P. anirostris reaches peak numbers in October with
temperature and salinity values of 29.5 °C and 30.92%, respectively (RaJAaoraw,
1962). In the Zanzibar area, the species is present from Novembeor until March with
water temperatures ranging from 28.05 to 30.02 °C, and rcaches peak numbers in
January (WICKSTEAD, 1963). In the Sunda shelf P. avirostris mainly oceurs in Singa-
pore Strait at the monsoon change-over periods: second half of September and first
half of April (WicksTEAD, 1961). The species is present throughout the year in the
waters of the Agulhas Bank with temperature and salinity values ranging from 14.99
to 21.99 °C and 35.22 to 35.51%;, respectively, and reaches Weh populstion densities
from December to June (Detra Croce & Axemiine, 19881989,

Previous and present records extend the upper temperature limit at which P.
avirostris has been found (from 26.9 to 30.02 °(Y), while 8.7 °C remains the lower
temperature limit (DeLra CRoCE, 1958).

P. avirostris, which is a filter-feeding organism, occurs mainly in surface and coastal

- waters, frequently in swarms, and in & wide range of salinity and temperature con-
ditions. ’ - . :

The appearance of the species is very abrupt. The population dynamies by which
P. avirostris reaches peak numbers within a short time is bascd upon parthenogenetic
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 females hatched from resting eggs. These females have six large and spccgssiyc bmods
which, in turn reproducing parthenogenetically at a fast fate, increase the pqpx_ﬂatxo‘n;
At the time of population peak, depression factors lmvcfalma.sly‘ a,ppearf:rrl! and some -
parthenogenctic females produce males or-resting eggs (sexual females), whilst other -
parthenogenetic females avid their broods. still reproducing pqrthgnoggne_?lc&ll}? B
produce fewer and fewer pa.rthenpgg!n’e,t;ic.:ind_i_vidg;a,}s..; S ol I
According to WICKSTEAD’S temperature threshold: hypoth_es!s (1963), it ¢()11d1t1?r;s o
become favourable, hatching of the resting vgps takes place before the 0‘_!(1 popfﬁathn: :
diseppears, and the remnants of the dying population wﬂl- become mlxed with the
vigorous parthenogeneti¢ females of the now population. Thl.s stage will be the- valley
between two population peaks which sometimes ocour within a few monthy in-some
arcas. As temperature is the factor most directly concerned with hatching of resting
eggs, P.avirostris will have a single population in areas w1th_a.i “regular annual
temperature cycle” (Zanzibar), and two. populations in an 88 with a “temperature:.
cyele with two peaks” (Singapore). o . ’ e
The data presented in Fig. | suggest a different interpretation of the temperature.
threshold hypothesis. Morcover, the length of the cycle seems, to some extent, de-
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pendent on’niinimum ‘and’ maximum water 1:%;mpnmt4m§§:_Ql_ps_erv(id' throughout. the
year. S . s T T S
In temperste latitudes (Naples, Beaufort, Mediterrancan snd Atlantic waters)
with a regular aniiual temperature cycle, P. avirostris has a single population, which
appears abruptly, véaches its peak within a shovt time, and disappears slowly because
of the gradual altering of the favourable cnvironment. At highe {Narragansett,
Sandy Hook, Atlantic waters) or lower latitudes’ (Zanzibar, Indian Ocean waters) a = .
single population appears and disappears abruptly. There, the regular annuil tempe- .
rature cycle reaches low or high values which can limit the favourable ecological = -
conditions severely in time and space: In these areas, the énvironmental situation does . i
not: allow the hatching of the resting eggs before the old population disappears. -,
In the waters of the Agulhas Bank, the annual thermal cycle is regular, with,..
temperature values of thi'same ofder as those found at hig :

108 : und at high and temperate latitudes,
during the ‘P. dvirostrés éyclo (Fig. 1). Here, as well as in 'tho Algiers and Sierra Leone *
waters, where the species has been found throughout the. Jyeer, a more steady con- - .

tinuity of favourable ecological factors can be' regarded as supporting ‘the annual ~
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cycle of this cladoceran!. T\m popu]atmm corresponding to the two peaks in the
f,empemtm‘v eycle can be considered typieal of arcas influenced by monsoon (h.m"(-
over periods (bmgaporv)

The abrupt increase in the population is related to the size and rate of de p(mtmn
of the broods. WIcKsTEAD (1963) suggests that a parent has 6 depositions in about
86 to 40 days, whilst a brood of young could delop and hateh \urhm 3 to 4 days
and, in turn, these young would bear broods in 2 to 3 days. According to Drura
‘CROCE & BETTANIN (1957), the cogs wonld reynire not less hmx 30 ]\mu

s after de-
position to develop into free-swimming young. '
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Fig.2. Penilia avirgstris. Mean numbex of eggs or embryos in pamlu nogenetic individuals throngh
smsonul and unuuul cyeles in different aveas. Minimum and maximiim numbers of cggs.or embryos
- - are g,w{'n for cach arca.

1 The annual cyele of P. avirostris in the Agulhas Bank w uteva m xhppm ted b\ ]mrthmn"('m‘hc -

and sexusl reproduction Drira Urocr & ANGuLINO, 1968--1969), According to some.authors,:... .
3

. P, a.v:roytns muay rcpmdum only by parthenogenesis in Madras waters (Razacorar, 1962), in the
Alboran Ses, and in the Algerian and Sierra Leone waters (Casavova, 1969). The hypothesis of

Locunap (1954) by which the eycle may be supported exclusively by 1urth(.nogcnc‘tu reprodue-
tion has not yet been confirmed. .
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The data prosented in Fig. 2 show that the broed size {reproductive potgsntiai)js_
very large at the beginning of the cycle, decreases at about t.l}e depression time, an_d_
increases again afterwards until the population suddenly disappearst. Mox:eover,, :wv;
has been shown (Fig. 3) that the larger the size of the parent, the larger is its }nﬁgp@

. . ;
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Fig. 3. Penilia avirostris. Mean number of cggs or ombryos and: size of purents, as represented
by mid-points of size classes. ‘

size (Drnra Crocu & ANurpnivo, 1068—1969). However, high and low reproductive
potentials of Jarger specimens seem mostly dependent on environmental conditions,
as the Jarger specimens havoe a reproductive potential higher at the beginning than
at the end of the eycle. : : ,

The composition of the parthenogenetie population throughout the eycle, as in-
dieated by the number of eggs or embryos present in the brood pouch of parents,
reveals that the mean reproductive potential is lower in the Bay of Naples, at Beaufort,
and in Agulhay Bank waters, than in Narragansett Bay and the Sandy Hook area
(Fig. 4). . S

The population dynwmies, however, is far from being known. Research is needed
to estimate the biological parameters of the species life eycle and to ¢valuate, amony
other factors, feeding, predation and dispersal, which affect the population. '

There are not enough data available to diseuss the biological and environmental
factors which determine the production of resting cgas in P. avirostris. WICKSTEAD
(1963), on the basis of his observations in Zanzibar and Singapore waters, suggests
that a great increase in number of diatoms coincident with the population “¢xplosion”
of P.avirestris maintains the oxygen and ihe carbon dioxide concentrations at
acceptable levels for the cladocerans in relation to the oxygen consumed and the car-
bon dioxide produced by the zooplankton. The disappearance of the diatoms will
destroy the balance between zooplankton, oxygen and carbon dioxide. Lowering this
oxygen or raifing the carbon dioxide concentrations in the water may cause parthe-
nogenetic females to produce both resting eges and males. . :

It has been shown that the morphological development of the resting eggs $f
P. avirostris takes place through 9 stages (Darna Crock & Brrraymy, 1969). Recent

- studies have shown thut males can be recognized as such at the level of the last

3 The onty gid’_t&j available on the brood. size of an annual population (Aguthas Bank) are x_ﬂéb' .
shown in Fig. 2.~ . ) .
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Yig. 4. Penilia avirostris. Percentage frequency distribution of number of eggs or embryos per
brood during seasonal and aunual cyeles in different areas. For each avea, mean number of eggs
or embryos (left-hand side) and number of individuals (vight-hand side) are given.

embryo stage (Gaixo, 1971). The posterior end of the male gonads join to fonm a sac
(DuLLA Croor & Garno, 1971), which should function as a temporary receptacle for
the spermatozoa during daytime, when males and sexuad females of the same popula-
tion inhabit different water layers. According to RUBINSTBIN (sce DOLGOVPGLYKATA,
1938), males are phutopositivc aml prevail in daylight at the surface, whilst sexual
females are found in deeper waters

Diurnal migration is a poorly I\nm\'n aspeet of the e lusto'-y of this eladoceran.
In Japanese waters, in September, the population density at the surface was higher
immediately after sunset, and decrcased at night, but was still higher at d.wn than
in the ecarly atternovn (Kakuvcit, 18305 L bin. dodsdertatican Sea, Poacwostris was
more abundant at the surface by night than during the daytime in the Provencal
waters (Tumtor, 1970); in the Bay of Naples, in /I ul\' P. avirostris had reached high
densitics at sunset and lower anes at night, bu this behaviour was not mnhrmvd
in August. In the Zanzibar waters no \hrmhv‘mt differences were found in the nivmbers
of cladocerans in day and night mmph-\ (WrcksTeaDp, 1963); such results were only
partially in agreement with observations eavried out in the waters of the Sunda shelf
{WicksTEAD, 1961). :

The secarce obscrvations wbout the reaction of £, avirestris to artificial light are
coptradietory. Locmiean (19;)4-) found no reaction under experimental conditions,
whilst PoruvuB & Poruvms ( 96(5) reported P. avirostris to be strongly photopositive
to artificial light. Tt is folt that, in Guture stadies, the “age” of the population has to
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be considered, as the reaction to light may differ for pardwnocene’nc and sexua.l .

als, at different period of the cycle. :
lnd}vﬁfgroszrw feeds on g&cterm and phytoplankton but mainly on dc*tmtusi wlnch a
in some sreas, has been thought to constitute over 959, of the food ingested (PavLov: A,
see MULLIN, 1968). Because of the abundance of this material, the relationship found
between numbers of P. avirestriz/m¥ and water transparency in the Guif of Naples
(Derra CrocE, 1962) suggests that a coastal area, with an incredsing degree of
eutrophication, may support 2 new or more hitense coionization by P. avirosiris,
prowdcd that othey environmental conditions arve favourable; thus, P. avivostris could :
be considered as an indicator of high produot(mty areas in coastal waters, -

Production has been mainly estimated as numbers of P. avirostris/m3. In a prevmus
paper (DxLLA CrOCE & BRITANIN, 1964—1865) it has been pointed out that, in some

“areas of the Black Sea, P. avirosiris provails (50%/;) over other plankton organisms’
seasonally, and constitutes the main food of the fishes feeding on p,a.nkton. According -
to WickstuAD (1963), P. avirostris and Lvadne ler,]esima are ;deal food for fish larvac
in Zanzibar waters.

Recently, Bumereva (1965) has Lstlm&t(‘d the bicmass of P. evirostris from tho
Adriatic Sea as equal to 0.0024 to 0.025 mg for xpecimens 0.480 t0.0.880 mm long.
MuLrix (1959) has used, among others, data concerning P. avirostris populations from
the Black Sca to evalua,te the rate at which organic matter is transformed into or
produced by rooplankton popuiations. P. (wuoatrw populations were caleulated to -
ingest daily in the same month 2.8 mg C/m?'in the central part, and 111 mg C/m2in
the nerthwestern coastal area of the Black Sea. The calculated rates of ploductmn,
ot corfected for concurrent losses, were 1.1 and 44 mg (/m?/day. Another study has
revealed that the carbohydrate content in P. avirestris from the Mediterrancan: Sea
was oqual to 0.27%, (renging from 0.24 to 0.35Y) of its wet weight (Raymoxt &
Lixrorp, 1966). :
- Production, however, can be maxkodly eduu,d by various events. MikoNov (1969)
has found that P. avirostris is sensitive to the presence of oil in sea water. Oil eon-
centrations of 0.001 ml/] accelerated death, whilst concentrations of 0.1 ml/l killed ..
this cladoceran within tt he first day of the experiment.

Parasitism by bacteriz has been already found to inhibit egg production in Daplmm
magne (GREEN, 1957). St mUrr(1933b) described the only recorded case of helmirith
parasitism in P. avirostris, which was caused by a nematode. Recently, ZELEZINSKAJA
(1966) reported that P. zvirostris in the northwéstern part of the Black Sea suffered
mass mortality by an unclassified’ fungus which was found to be a parasite of this
cladoceran. Numerous speeimens of P. guirostris from the Japanese waters of Hok-
kaido and those of the Great Austxalmn Bight have been found with knobstick-like -
elements affixed in great rnumber all over ‘its bouay, but it was not poss:ble to a.qcm'ta.m
any effect of this iungus on the pO')LlB.‘blOIlB—

In the Indian Ocean, P. avirosizis can be guiiddered endemic i in the Aanz.xba.r and
Agulhab Bank waters, where old records are confirmed by recent ones: showmg P,
avirostris carrying resting eggs. (Wicksreap, 1963; Drrna Crock & ANGELINO,
1968-1969). According to previous records and those “&uh(‘!‘@d during ‘the Inter- |
natmnal Indian Oce&n Expedition Cruxbc no. 8 of the R./V. “A. Bruun” in t;he'W stern:

. fz’ I
1 btudxes on feedmg of P. aialuatﬂb have. beca carricd out in the lubomtory (PAv
and st sea (DrLLA CrocE & Garve, 1968—1969). E
2 Observatmns carried out by X. Drago ab the University of (lenoa. TBEGOUBOI«'F (pcrsonnl
communication to DELLA Crock in 1967) belioved that the fungus parasite.of P. avirosris fr
. .the Blacl\ Sea belonged to the phycomyéetes, but he pointed out that the. - parasite of the 8 ,
. from Jupaneee and Austmhan ‘waters was & funbus not yet recorded a.s & purasxte of Crustu,cem.




Fig. 5. - Peniliu avirostris; tieographical distribution in the Indian Ocean. Black sturs: previous -
: S records. Black ‘dots in semi-circles: present records.
\
Indian Ocean!, the species has a seasonal (from September until March) distribution
which can be considered geographically continuous from Cape Agulhar to Zanzibar
(Fig. 5). - B .

P. avirostrig collected during Cruise no. 1 of the same research vessel in the Eastern
Indian Ocean?t, and previous records in this arca have revealed a seasonal (between
March and April) but continuous distribution from the Bay of Bengal to the Singapore
Strait, at the monsoon. change-over period (Fig. 5). No endemic arcas were lacated,
‘but sexual females werc found at Station 48, on April 5, 1963 (19° 41” N-93°06" E).

Although recent obscrvations (TREGOUBOFF, 1963; Casavova, 1964; 1965) show
that P. avirostris has been found at great depths in the Mediterranean Sca, the species
normally inhabits the surface layers., : S : ‘

Distribuation is not merely & problemn of transport, as subsequent.survisal and
colonization arc relaied to the mode and degres of biological tolerasiee and reaetion
of the species to environmental conditions.”

S
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Summary

Earlier and current vecards of Pendlia avirestris Daxa in the Indian Ocean are reviewed, The
temperature requirements of this species and the influence of temperature on its cycle are dis-
cussed. The mechanism of the explosive population cycle and the influence of environmental
factors on the reproductive poteatial and on the deposition of the resting cygs are also discussed.
Laboratory and field work on diurnal migrations. photosensitivity to artificial light and feeding
are considered. The contribution of P. awirusiris {o production and its nlace in the trophic chain
is reviewed. Cases of parasitism on this species nve recailed.

Riassunto

Gli A. A. prendone in esame L ritrovamentd passati o recenti di Pendline arirostris DaNa nello
Oceano Indiann. Le esigenzo termiche di guesta specic e Pinfluenza della temperatura sul suo
ciclo vengone discusse unitamente al meceanismo delesplosione di popolazione ed all'influenza
dei fattori ambientali sul potenziale riproduttivo e sulla deposizione delle nova durature. Gli AL AL,
incltre, prendono in esame aspetid intercesanti le migrazioni diuene, la sersibilita alfa tuce artificiale,
Palimentazione, ki produttivita, nonché alcuni casi di parassitisme, in base ad osservazioni
condotte sa guesta specic anche in altve arec oceaniche.
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