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Ecologia. — Further studies on the reproductive strategy of two demes of Asellus
aquaticus (L.) (Crustacea Isopoda) from southern Italy. Nota (*) di Luciana MicLio-
RE (**), Enzo MarcHETTI (***) ¢ FLorRA VALENTINO (¥***), presentata dal socio G.
MoNTALENTL

Asstract. — Two demes of Asellus aquaticus (L.) (Crustacea Isopoda) from Southern Italy, living in two
close but different habitats (a bight in a river and a pond) have been studied. The river gets water
uninterruptedly; the pond gets rainwater, mainly in winter.

The analysis of secondary productivity, as a result of (i) mean number of juveniles born per female and
(if) duration of the embryonic development, has been performed for each deme over a one year period. It
evidenced that productivity is different both in the mean montbly input of juveniles and in the total annual
one.

The mean monthly input is different between the two demes which entrust to different physiological
parameters the regulation of the reproductive strategy; that is, in the river population it depends on the
duration of the embryonic development and in the pond population, on the number of juveniles per brood.
The adaptive value is discussed.

Key worps: Asellus aquaticus; Reproductive strategy; Local population; Deme.

Ruassunto. — Altri studi sulla strategia riproduttiva di due demi di Asellus aquaticus (L.) (Crustacea,
Isopoda) dell’Italia meridionale. Sono stati studiati due demi di Asellus aquaticus (L.) (Crustacea Isopoda) che
vivono in habitat molto vicini tra loro ma molto diversi: 'ansa di un fiume e una pozza. Il fiume riceve
ininterrottamente acqua nel corso dell’anno mentre la pozza riceve solo acqua piovana, prevalentemente
durante I'inverno.

L’analisi della produttivita secondaria, come risultato di i) numero medio di juveniles prodotti per
femmina e ii) durata media del periodo di sviluppo embrionale & stata effettuata per ciascun deme per un
intero anno. E stato possibile mettere in evidenza che la produttivita varia sia per il numero medio mensile di
juveniles immessi nella popolazione, sia per il numero totale annuo.

1l numero medio mensile & diverso tra i due demi che affidano a differenti parametri la regolazione della
strategia riproduttiva: nella popolazione dell fiume la regolazione & affidata alla durata dello sviluppo
embrionale mentre nella popolazione della pozza essa dipende dal numero di juveniles prodotti per covata.
Viene discusso|il valore adattativo delle due strategie.

InTRODUCTION.

The environment operates on populations (via natural selection or phenotypical
plasticity) producing a diversification of the reproductive strategy (Skadshein, 1984;
Bucklin and Marcus, 1985; Vepsiliinen et al., 1985). This diversification has been
observed and studied in several species living in a wide geographical area, by analysing
differences in physiological characters shown by the population (Vitagliano Tadini and
Valentino, 1969; Gooch and Hetrick, 1979; Dingle ef al., 1980; Bouletreau-Merle et al.,
1982; Migliore et al., 1982; Pamilo, 1983).

(*) Pervenuta all’Accademia il 29 settembre 1988.
(**) Dipt. Genetica, Biologia generale e molecolare - Via Mezzocannone, 8 - 80134 Napoli (Italia).
(***) Dipt. Genetica e Biologia molecolare, Univ. «La Sapienza» - P.le Moro, 5 - 00185 Roma (Italia).
(****) Centro di Genetica Evoluzionistica del C.N.R; c/o Dipt. Genetica e Biologia molecolare, Univ.
«La Sapienza» - P.le Moro, 5 - 00185 Roma (Italia).
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The diversification allows a perfect superimposition of the biological cycle on the
environmental one in every population (Stearns, 1977; Calow et al., 1981; Brittain,
1983; Bucklin and Marcus, 1985; Vitagliano Tadini and Migliore, 1985).

The present work has been performed on two demes of Asellus aquaticus (L.) from
southern Italy, one from a bight of the Sarno river (S. Valentino Torio, Naples) where
the streamflow is slow, the other from an isolated pond a few metres distant from the
bight. The bight gets a great quantity of water from three springs all year long-the
lowest mean flow at the station we considered is 7.40 mc/s (D’Elia et al., 1974).

The pond, deep enough and 4m in diameter, has no direct connection with the
river and its main water supply is from rain, extremely rare in summer. As a
consequence, the hydric characteristics of the two habitats (steamflow, water volume,
O, and salt concentration, pH, food, etc.) vary seasonally in a different way. Some
parameters of the two habitats are reported in tab. L.

TasLe L. — Physical parameters of the two babitats.

Habitat River Pond

Winter Summer Winter Summer
Water supply Three springs Three springs Abundant rain (¥) Very scarce rain
Streamflow 9.8-10.7 6.4- 9.1 — =
O, concentr. 10.0-12.2 7.1-10.8 8.6-10.0 5.5- 8.1
Temperature (°C) 5.8- 8.7 18.0-22.5 5.0-10.0 20.0-26.0
pH 72- 74 7.4- 7.6 7.0- 75 7.0- 75
Organic matter Scarce Present Abundant Present
References: D’EL1a et al., 1974. Present study Present study

(*) Sporadic river floods.

Preliminary data on the two demes have been previously published (Migliore and
Vitagliano Tadini, 1984). The aim of this work has been to evaluate whether
diversification in reproductive activity can be found even between two «local
populations» or «demes» of Asellus aguaticus (L.), living in these two habitats close to
each other but experiencing different environmental pressures. With this end in view
the number of juveniles born per female and their speed of embryonic development
(from fertilized eggs to the penultimate larval stage) has been examined to obtain the
values of monthly mean production of juveniles and the total annual one.

MATERIAL AND METHODS.

Asellus aguaticus (L.) is a freshwater Isopod inhabiting the mesosaprobic-8 waters
of the entire paleoarctic continent. Several characters (longevity, increase in body size,
diapause) differentiate populations in this wide area; these characters are strictly
correlated to latitude and continentality of the regions in which the population lives
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(Steele, 1961; Andersson, 1969; Vitagliano Tadini and Valentino, 1969; Chambers,
1977; @kland, 1977; Adcock, 1979; Migliore and Vitagliano Tadini, 1981; Migliore et
al., 1982; Vitagliano Tadini and Migliore, 1985).

Furthermore, this species shows a significant correlation between female body size
and number of juveniles per brood (Migliore and Vitagliano Tadini, 1981; Vitagliano
Tadini and Migliore, 1985) and a variation over the year of the percentage of
reproducing females (Comba et 4l., 1976; Migliore et al., 1982) and of the mating
frequency (Comba et al., 1976).

The populations were sampled monthly; embryo-bearing females and pairs were
isolated and bred one per glass bowl (10 cm in diam., 6 cm high). The bowls contained
200 ml of spring water and standard food (decaying leaves kept from nature). Control
females were bred in bigger breeding bowls, under the same laboratory conditions.

All the females were bred in thermostatic chambers (18 1°C) at natural
photoperiod (Rome latitude). Animals were observed every second day. (For further
details on the breeding techniques see Tadini Vitagliano ez al., 1982.)

A total of 974 females and 38,670 juveniles was observed. Female mortality rate was
13% after 30 days breeding. Statistical analysis was performed on an Olivetti computer
P654.

We determined the number of iuveniles born per female and the duration of the
embryonic development in the maternal brood pouch.

ResuLts.

(i) Juveline production. The monthly number of juveniles produced per female
(tab. II, fig. 1) is significantly different over the year in the two demes. The river
population shows the lowest number of juveniles/female in January, soon followed by
December and June. A unique maximum is not evident. The pond population shows a
very low number of juveniles/female in August and October and a very high number in
the period December-February. The comparison of the total annual juveniles
production in the two demes evidences statistically significant differences; by analysing
the trimestral productivity it results that the difference in the annual productivity is
mainly due to the period December-February but also to September-November
(tab. II).

(i) Duration of the embryonic development in the maternal brood pouch, in the
laboratory (18°C, natural photoperiod). The time fertilized eggs take to complete
embryonic development in the various month of the year varies significantly (fig. 2)
only in the river population; in this deme the longest duration occurs in December, the
shortest in June. The differences in the pond population, less marked, are not
statistically significant. (fig. 2, tab. III).

Tt must be underlined that the number of individuals in the maternal brood pouch
does not interfere with the duration of the embryonic development; in fact, to both
high and low number of embryos corresponds a long time of development and vice
versa.
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Fig. 1. — Mean number of juveniles born per female in the various months of the year.
Tasre I1. — Total annual trimestral production of juveniles in two demes of Asellus aquaticus (L.).
River Pond F p
Nr. 29 Mean nr. Nr. 29 Mean nr.
juveniles juveniles
March
April 186 43.75 119 42.40 0.30 n.s
May
June
Tuly 157 37.64 49 3524 0.88 ns
August
September
October 176 40.65 81 34.71 10.33 <0.001
November
December
January 159 31.45 47 62.42 126.65 <0.001
February
In the whole year 678 38.74 296 42.40 8.12 <0.001
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Fig. 2. — Mean duration of juvenile development in the various months of the year.

TasLe IIL. — Mean time of development (in four trimesters) of Asellus aquaticus (L.) embryos coming from two demes.

River Pond F p
Nr. of Nr. of  Mean Nr. of Nr. of  Mean
embryo- embryos time of embryo- embryos time of
bearing Q@ development bearing 9 Q development
March
April 85 3719 20.8 87 3689 20.0 048 ns.
May
June
July 91 3425 19.1 39 1374 213 251 ns.
August
September
October 40 1626 23.4 65 2256 212 4.08 ns.
November
December
January 43 1353 25.6 42 2622 23.0 4.87 ns.
February

In the whole year 259 10123 22.3 229 9941 214 692 ns.
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Discussion.

The species are adapted to the local climatic conditions in which they live. The
perfect superimposition of biological and environmental cycles can be evidenced by
studying local populations or demes, that is populations living in really close localities
but occupying specific habitats (Morgan, 1980; Jansen, 1983; Bucklin and Marcus,
1985).

In Asellus aquaticus (L.) a clear divergence in body size and productivity (as
number of juveniles produced) has been demonstrated in five U.K. local populations as
a result of local variability of some environmental parameters (Aston and Milner,
1980). These five demes occupy different localities of the river Trent, not far one from
the other, but subjected to different combinations of temperature and industrial
pollution.

Our work demonstrates a clear differentiation of reproductive strategy in two
demes of Asellus aquaticus living in Southern Italy. The differentiation involves both
the mean monthly input of juveniles and the total annual one.

The mean monthly input depends on both the number of juveniles per female and
on the time that fertilized eggs take to reach the penultimate larval stage (when they
leave the maternal brood pouch and join the population).

Its value varies between the two demes in that

1) in the river population the regulation of the monthly input of juveniles
depends on the duration of the embryonic development, the number of juveniles per
brood not showing wide seasonal variations, whereas

2) in the pond population the regulation of the monthly input of juveniles mainly
depends on the number of juveniles per brood, the duration of embryonic development
not showing wide seasonal variations.

Hence, the two demes differentiate each other by entrusting to different
physiological variables the regulation of the reproductive strategy. We hypothesize that
a),in the river population the lengthening or shortening of the embryonic development
can be regulated by photoperiod gradients (in that laboratory conditions are standard
while photoperiod regime is the only variable) (Vitagliano Tadini and Valentino, 1969;
Migliore et al., 1982) and b) in the pond population the increase and decrease of the
number of juveniles per brood can be regulated by food availability (Tadini Vitagliano
et al., 1984); however, the seasonal variation in reproductive effort is probably related
to the monthly trends of environmental parameters such as water volume, O,
concentration, pH, salt concentration and food availability.

Furthermore, the total annual input of juveniles is significantly higher in the pond
population; this is probably related to the higher food availability in the pond were the
absence of streamflow allows the leaves fallen in autunm to remain in the pond.

We cannot state at the moment whether the differences in the reproductive strategy
are due to genetic selection of ecotypes (see Pamilo, 1983; Bucklin and Marcus, 1985)
or to phenotypical plasticity of individuals (see Morgan, 1980).

In conclusion, in Asellus aquaticus (L.) the different environmental pressure
operating on two demes living in specific habitats, very close to each other even though



L. MiGLiORE ET AL., Further studies on the reproductive strategy ... 285

different as regards the values and the seasonal trends of environmental parameters,
produced a very clear diversification or the reproductive strategy.

ACKNOWLEDGEMENTS

Work supported by a Ministero della Pubblica Istruzione grant and by the Centro di Genetica
Evoluzionistica, C.N.R.

REeFERENCES

AnpErssoN E., 1969. Life-cycle and growth of Asellus aquaticus (L.) with special references to the effect of
temperature. Inst. Freshw. Res. Drottingholm Rep., 49: 5-26.

Apcock J. A., 1979. Energetics of a population of the isopod Asellus aquaticus: life history and production.
Freshwater Biol., 9: 345-355.

Aston R. A. and Miner A. G. P., 1980. A comparison of populations of the isopod Asellus aquaticus above
and below power stations in organically polluted reaches of the River Trent. Freshwater Biol., 10: 14.

BouLerrEAU-MERLE J., ALLEMAND R., ConET Y. and Davip J. R., 1982. Reproductive strategy in Drosophila
melanogaster: significance of a genetic divergence between temperate and tropical population. Oecologia
(Berlin), 53: 323-329. ’

BrirraiN J. E., 1983. The influence of temperature on nymphal growth rates in mountain stoneflies
(Plecoptera). Ecology, 64: 440-446.

Buckiin A. and Marcus N. H., 1985. Genetic differentiation of populations of the planktonic copepod
Labidocera aestiva. Marine Biol., 84: 219-224.

Carow P., DavipsoN A. F. and Woorneap A. S., 1981. Lyfe-cycle and feeding strategies of freshwater
triclads: a synthesis. J. Zool. London, 193: 215-237.

Cuamsers M. R., 1977. A comparison of the population ecology of Asellus aquaticus (L.) and Asellus
meridianus Rac. in the reed beds of the Tjeukemeer. Hydrobiologia, 53: 147-154.

Comsa P., Sarvint P, Varentino F. and VitacLiano Tapint G., 1976. Le correlazioni del fotoperiodo e
della temperatura con una variabile fisiologica in Asellus aquaticus (L.) (Crust. Isop.). Rend Acc. Naz.
Lincei, (8) 40(1): 51-58.

Dineie H., ALpex B. M., BLakiey N. R., Kopex D. and MiLier E. R., 1980. Variation in the photoperiodic
response within and among species of milkweed bugs (Oncopeltus). Evolution, 34: 356-370.

D’Eua E,, MEITIDIA L. and Riciiro TronconNe M., 1974. Inguinamento dei corpi idrici in Campania. 1.
Condizioni di inquinamento del Fiume Sarno. Quad. Ist. Ric. Acque, 14: 9-100.

GoocH J. L. and Herrick S. W., 1979. The relation of genetic structure to environmental structure:
Gammarus minus # a karst area. Evolution, 33: 192-206.

Jansen D. H., 1983. Seasonal change in abundance of large nocturnal dung beetles (Scarabeidae) in a Costa
Rican deciduous forest and adiacent horse pasture. Oikos, 41: 274-283.

Micuiore L., Paruzzr R. and Vitacriano Tapma G., 1982. Reproductive activity of Asellus aquaticus (L.)
(Crustacea Isopoda) from Southern Italy. Int. J. Invertebr. Reprod., 4: 359-367.

Micriore L. and Viracuiano Tapmt G., 1981. Asellus aquaticus: energy expenditure in growth and
reproduction. UK. Meeting Int. Soc. Invertebr. Reprod., Elsevier/North Holland Biomed. Press, p. 46.

Micriore L. and Vitacriano Tapmua G., 1984. Reproductive strategy in two demes of Asellus aquaticus (L.)
from Southern Italy. In: «Advances in Invertebrate Reproduction», vol. 3 (W. Engels ef al., eds.) Elsevier,
Science Publisher.

Morgan M. D., 1980. Life history characteristics of two introduced populations of Mysis relicta. Ecology, 61:
551-61.

Oxianp K. A, 1977. Life history and growth of Asellus aquaticus (L.) in relation to environment in a
eutrophic lake in Norway. Hydrobiologia, 59: 243-259.

Pamiro P., 1983. Genetic differentiation within subdivided populations of Formica ants. Evolution, 37: 1010-
1022.



286 Atti Acc. Lincei Rend. fis. — S. VIII, vol. LXXXIII, 1989

SkapesHEmM A., 1984. Coexistence and reproductive adaptations of amphipods: the role of environmental
heterogeneity. Oikos, 43: 94-103.

Stearns S. C., 1977. The evolution of life history traits: a critique of the theory and a review of the data. Ann.
Rev. Ecol. Systematics, 8: 145-171.

SteeLe E. A., 1961. Some observations on the life bistory of Asellus aquaticus (L.) and Asellus meridianus Rac.
(Crustacea Isopoda). Proc. Zool. Soc. London, 137: 71-87.

VepsaLAmeN K., Karrara A. and Karrara V., 1985. Reproductive tactics of the waterstrided Gertris
thoracicus in unpredictable environments: a simulation study. Oikos, 45: 266-272.

Viracriano Tapint G. and Varentino F., 1969. Ricerche sulla determinazione della stasi riproduttiva in varie
razze geografiche di Asellus aquaticus (Crust. Isop.). Accad. Naz. Lincei, Classe di Scienze Fis. Mat. Nat.,
Memorie, (8), 9: 1-51.

Viracriano Tapint G., Fano E. A. and Marcuertt E., 1984. Diet, photoperiod and reproductive diapause in
Asellus aquaticus (L.) (Crustacea Isopoda). Boll. Zool.,, Suppl., 51: 114.

Vitacriano Tapmi G. and Micriore L., 1985. Regulation of the numerical density in geographical
populations of Asellus aquaticus (L.). Acc. Naz. Lincei, Classe di Scienze Fis. Mat. Nat., Memorie, (8), 18:
1-26.



