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Copulation 1n the Marine Copepod Oithona davisae 
Ferrari & Orsi 

I. Mate Discrimination°' 2
) 

MITStJAKI UCHIMA3 ) 

Faculty of Agrzculture, University of Tokyo, 
Bunkyo, Tokyo, 113 

Abstract 
Mate discrimination ability of male Oithona davisae, a marine cyclopoid copepod, was determined 
in laboratory experiments. The attractiveness of females to males seems to decrease in the order 
(1) mature virgin females, (2) copulation- and egg laying-experienced older females not carrying 
eggs, (3) copulation- and egg laying-experienced older females carrying fertilized eggs and (4) 
copulation-experienced younger females carrying fertilized eggs, immature virgin females and 5th 
copepodite females. The 5th copepodite females copulated only when they co-existed with mature 
virgin females unready for 1st egg-laying. This copulation can be regarded as accidental, caused 
by the sex-attractant pheromone anomalously emitted by the latter. Such a state also causes 
multiple copulations in one female within a short period of time. 

Since oogenesis is linked to copulation in adult female copepods (JACOBY & YOUNGBLUTH 

1983, WATRAS 1983), the degree of their oocyte maturity may determine the copulatory timing. 

When fema~es reach maturity, they may transmit a signal of maturity to males. This signal 

may result in a difference in attractiveness to males and lead to successful mate discrimination 

by males. According to MARSHALL & ORR (1952, 1955), copulation usually occurs once 

during the lifetime of each female, and multiple copulations cause males to waste their gametes 

(KATONA 1975, BLADES 1977, BLADES & YOUNGBLUTH 1980, HOPKINS 19821 HOPKINS & 

MACHIN 1977). On the other hand, several workers have emphasized the necessity of remating 

in female copepods (JACOBS 1961, HEINLE 1970, WILSON & PARRISH 1971, KATONA 1975, 

WATRAS 1983, WATRAS & HANEY 1980). One test of this hypothesis would be to investigate 

the difference of attractiveness to males between females requiring remating and virgin females. 

I describe the mate discrimination by adult males in a marine cyclopoid copepod Oithona 

davisae Ferrari & Orsi to elucidate the order of mating priority in females at various 

physiological states. The cause of multiple copulations is also discussed. The species used in 

this study had been described as 0. brevicornis f. minor (NtSHIDA et al. 1977) or 0. aruensis 

(NISHIDA & FERRARI 1983). According to NISHIDA (in ptess), this species should be identified 

with 0. davisae which was newly described by FERRARI & ORSI (1984). 
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Materials and Methods 

Oithona davisae was collected from an innermost brackish water region of Tokyo Bay. The 

females were classified into four groups depending on their physiological states and used for 

copulatory experiments (Table 1). The separation of young and old adult females was made 

by the color of furca, which stayed yellow for a few days after the final molt and then became 

transparent. Older adult females carrying about 20 fertilized eggs, here treated as the 1st egg 

batch, were pre-reared until they carried the 2nd fertilized eggs (FE2) or until their 2nd eggs 

hatched (FN). FE2 kept carrying the 2nd egg batch and FN carried neither 2nd nor 3rd egg 

batches at the start of the experiments: FE2 -were divided into two subgroups: those which 

kept carrying eggs (FE2E) and those whose eggs hatched (FE2N) during the experiments. 

FN laid no 3rd egg batch during the experiments. Collection of the natural population to 

prepare FE2 was performed 1-2 days after that to prepare FN. Younger adult females carrying 

more than 20 fertilized eggs (FEl) and 5th copepodite females (CV) were collected a few hours 

before experiments. The eggs of FEl did not hatch until the experiment ended. From the 

color of the furca and the duration of pre-rearing, the lapse of time after the final molt seemed 

to be only 2 or 3 days to reach the FEl and more than 4-5 days to reach the FE2 or FN. 

Some of the 5th copepodites molted into adults during the . experiment. The resulting 

virgin females (FV) were then divided into two subgroups: those laying eggs (FVE) and those 

not laying eggs (FVN) during the successive 3 days. 

CV, FEl, FE2, FN and young adult males having yellow furca were transferred with a 

pipet to two types of Petri dishes, 41 or 55 mm in diameter and 18 mm in depth, containing 

15 or 30 ml of water, according to the combined number of males in copulatory experiments 

(Table 2). Males having a pair of spermatophores were used for experiments and mate

pursuing males were excluded. The water used was made of oceanic water which was boiled, 

filtered (MF, 0.45 µm) and diluted to 20 %0 salinity. Two flagellates, Dunaliella sp. and Platy

monas sp., at the growth phase at 20 %0 salinity in a slightly modified F95yn's Ertl-Schreiber 

TABLE 1. FOUR GROUPS OF FEMALES USED IN THE COPULATORY EXPERIMENTS 

Younger adult Older adult Older adult 
5th females carrying females carrying females not 

copepodite1) fertilized eggs fertilized eggs carrying eggs 
(CV) (FEl) (FE2) (FN) 

Color of £urea yellow yellow transparent transparent 

Time after final molt no <2-3 days >4-5 days >4-5 days 

Copulation occurring 
before experiments no? yes yes yes 

Presence or absence of eggs absent present present (FE2E), absent at the end of experiments absent (FE2N) 

l) Some of the 5th copepodites molted into adults during the experiments. The resulting virgin 
females (FV) were divided into two subgroups: those laying eggs (FVE) and those not laying 
eggs (FVN) in the successive 3 days. 
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TABLE 2. COMBINATION OF EXPERIMENTAL ANIMALS IN THE COPULATORY EXPERIMENTS 
UNDER 12 H LIGHT (L: 0600-1800) OR 12 H DARKNESS (D: 1800-0600). M MEANS ADULT 
MALES, AND FOR CV, FEl, FE2 AND FN SEE TABLE 1. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 

Combination 

30 M+20 CV 
15 M+lO CV 
30 M+15 CV+5 FE2 
30 M+lO CV+lO FE2 
30 M+lO CV+5 FE2+5 FN 
30 M+2 CV+l FE2 
15 M+8 CV+2 FE2 
1s M+s cv+s FN 
10 M+5 CV+lO FE2 
10 M+5 cv+s FE2+5 FN 
30 M+20 FE2 
30 M+lO FEl+lO FN 
15 M+lO FE2 
15 M+5 FE1+5 FN 

Volume of water 
15ml 30ml 
~ ~ 

L D L D 
(No. of experiments) 

3 

1 

1 
2* 
1 
2 

1 
1 

1 

1 

1 
1 

1* 
1 
1 
1 

1 
2 
1 
1 
2 

1 

2 

2 

1 

1 

* None of the 5th copepodites molted during the experiments. 

25 

medium were supplied as the mixed-food at a concentration of 5x 104 cells•ml-1
• Petri dishes 

were kept at 20 or 25°C, according to the natural water temperature and in a regime of 

alternating 12 h light (ca. 1500 lx) and darkness. 

Spermatophores discharged sperms into the paired gtmital openings of a female within 12 

h after attachment on the ventral surface of the genital segment of the female, and detached 

within the following 12 h. The attachment, including that on exuviae of CV, was examined 

with a microscope at the 12th hour of the experiments. A new oogenesis was then examined 

on mated females and all FV. FV were individually reared for 5 days under conditions which, 

except for the 12 L: 12 D photoperiod, were the same as those of the copulatory experiments. 

They were transferred daily to new Petri dishes and egg-laying was examined. 

Since one female was attached with a pair of spermatophores in one copulation, the number 

of copulations per individual female was considered to be 1, 2, 2, 3 or 3, respectively when 

the number of spermatophores was 2, 3, 4, 5 or 6. All experiments, including additional 

rearings for observation on multiple copulations, were performed during the period from Sep

tember to December in 1980. 

Results 

"Remating" is defined as the repeated-copulation in one female which had previously copulated 

and laid eggs at least once. The term "multiple copulation" is defined as the successive 

copulation of one female with multiple males within a short period of time. A female which 

copulates several times over a longer period of time (e.g. 2-3 days) without laying eggs be-
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TABLE 3. COPULATION IN THE CO-EXISTENCE OF VARIOUS GROUPS OF FEMALES FOR 12 
H. CO-EXISTENCE GROUPS: I, COMBINATION NUMBERS 5 & 10 IN TABLE 2; 11, 3, 4, 
6, 7 & 9; III, 1 & 2; IV, 11 & 13; V, 12 & 14; VI; 8; VU, 10. ABBREVIATIONS ARE 

AS IN TABLE 1. 

Exp. I CV FV FE2N FN 
,..-----'~ 

FVE FVN 
MF/F 1/45 6/6 6/14 1/30 1/30 
CR(%) 2.2 100.0 42. 9 3.3 3.3 

Exp. II CV FV FE2 
~ ~ 

FVE FVN FE2E FE2N 
MF/F 0/133 7/7 3/23 2/44 3/36 
CR(%) 0 100.0 13.0 4.5 8.3 

Exp. III CV FV 
~ 

FVE FVN 
MF/F 4/140 8/8 5/25 
CR(%) 2. 9 100.0 20.0 

Exp. IV FE2 
~ 

FE2E FE2N 
MF/F 2/48 1/12 
CR(%) 4.2 8.3 

Exp. V FEl FN 
MF/F 0/25 2/25 
CR(%) 0 8.0 

Exp. VI CV FN 
MF/F 0/10 0/10 
CR(%) 0 0 

Exp. VII CV FE2E FN 
MF/F 0/5 0/5 0/5 
CR(%) 0 0 0 

MF: No. of mated females, F: No. of females, CR: Copulatory ratio (MF/FxlOO) (%) 

tween copulations exhibits "multiple copulation". 

Order of Mating Priority 

There was no trend in copulatory ratio of dependency upon male density and/or light condition. 

The difference originated from the physiological states of females. In the co-existence of 5th 

copepodite (CV), newly-molted virgin (FV) and copulation•experienced females (FE2 & FN), 

copulation occurred in FV, particularly in mature virgin females ready for the 1st egg-laying 

(FVE) (Table 3, I & II). The FVE had mature oocytes in ovaries and diverticula and laid 

eggs during the experiments or within the successive 12 h. The copulation in older females, 

remating, usually occurred in cases where no FVE co-existed and when multiple copulations 

took place in other virgin females unready for egg-laying (FVN) (Table 3, I & II). The FVN 

laid no eggs for at least 5 days after molting. Among them, mated individuals (FVNM) had 

mature oocytes in their ovaries and diverticula during the experiments; that is, oogenesis was 

linked to copulation but not to egg-laying. The rest of the FVN, unmated females, remained 



UCHIMA: Copulation in Oithona, I. 27 

immature (FVNI). 

The percentage of older females remating (FE2 & FN) was slightly higher in those not 

carrying eggs (FE2N & FN) than in those carrying fertilized eggs (FE2E) (Table 3, II, IV & V). 

Remating did not occur in younger females carrying fertilized eggs (FEl) (Table 3, V). A new 

oogenesis was observed in nine of twelve remated females shown in Table 5. Copulation in FVN 

occurred at variable frequency regardless of the co-existence of FVE (Table 3, I, II & III). 

Copulation in FV does not seem to be influenced by the co-existence of females at different 

physiological states. In contrast, copulation in CV occurred only when multiple copulations 

took place in FVN (Tables 3, I, II, III, VI & VII & 4). The double-mating in FVN stimu

lated CV to copulate, whereas the triple-mating in FVE did not (Table 5). Spermatophores 

attached to CV remained on the exuviae and the contents were not used. 

From these results, the order of mating priority in females is summarized as follows: 

1) Mature virgin females regardless of egg-laying performance (FVE & FVNM), 

2) copulation- and egg laying-experienced older females not carrying eggs (FE2N & FN), 

3) copulation- and egg laying-experienced older females carrying fertilized eggs (FE2E), 

4) copulation-experienced younger females carrying fertilized eggs (FEl), immature virgin 

females (FVNI) and 5th copepodite females (CV). 

Multiple Copulation 

Multiple copulations were rare and observed in only ten of 52 mated females. Of these ten 

cases, however, eight were concentrated in FV (Table 5). Multiple pairs of spermatophores 

closely concentrated around the correct position. They all inserted their tubulea in the female's 

right and left genital openings, and occasionally fully discharged sperms; however, only one 

pair usually did so. In other cases, after discarding the empty paired spermatophores, the 

female copulated and received spermatophores again from at least one male before the 1st 

egg-laying. 

Discussion 

Several workers reported that adult females of some marine and freshwater calanoid copepods 

require remating to fertilize all eggs in their life span (JACOBS 1961, HEINLE 1970, WILSON 

& PARRISH 1971, KATONA 1975, WATRAS 1983, WATRAS & HANEY 1980; see also JACOBY 

& YOUNGBLUTH 1983). The present results indicate that remating seldom occurs in Oithona 

davisae; only 4.4 % of the total mated females and 5.9 % of the mated older females not 

carrying egg clusters (FE2N & FN) (Table 4). Although, in most cases, the number of sperm 

supplied by one copulation is enough to fertilize all eggs produced by one female in her entire 

life span (UCHIMA 1985), remating may be linked to the occasional exhaustion of the sperm 

supplied by the preceding mating. Closer co-existence with mature virgin females (FVE & 

FVNM) inhibits the remating of older females (FE2 & FN). Therefore, the success of remating 

seems to depend on the degree of overlap in the "individual existence space" in females at 

different physiological states (the space occupied by an individual, wherein it interferes with the 

behavior of other conspecific individuals by its mechanical or chemical action). After the 1st 
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TABLE 4. COPULATION IN FEMALES FOR 12 H. ALL DATA SHOWN IN 

TABLE 3 ARE SUMMARIZED. 

5th Newly-molted Younger Older adults 
cope po- younger adults adults carry- carrying eggs 

<lites (FV) ing eggs (FE2) 
~ ~ 

(CV) (FVE) (FVN) (FEl) (FE2E) (FE2N) 

No. of females 333 21 62 25 127 48 

Older adults 
not carrying 

eggs 

(FN) 

70 
~_,----' 

(118) 

(270) 

No. of mated females 5 21 14 0 5 4 3 
~ 

(7) 

(12) 

Copulatory ratio (%) 1. 5 100.0 22.6 0 3.9 8.3 4.3 
~ 

(5. 9) 

(4.4) 

TABLE 5. MULTIPLE COPULA'I;IONS IN FEMALES AND ASSUMED COPULATORY 

RATIO (%) IN MALES 

5th Newly-molted younger Older 
copepodites adults (FV) adults Total 
~ 

(CV) (FVE) (FVN) (FE2 & FN) 

No. of mated females (A) 5 21 14 12 52 
No. of the multiple-mated females (B) 0 3 5 2 10 
No. of the double-mated females 0 2 3 2 7 
No. of the triple-mated females 0 1 2 0 3 
No. of mated males1) 5 25 21 14 65 
Multiple copulation-ratio (%) (B/ A) 0 14.3 35. 7 16. 7 19.2 

No. of males: 290 No. of mated males: 651) Copulatory ratio (%): 22.4 

l) It was assumed that every one copulation was made by different males. 

copulation, the FVE, which turns into a young female FEl, ceases to attract males, so that 

both FE2 and FN seem to be able to remate. Nevertheless, except for two cases when multi

ple copulations took place in FVNM, no remating was observed in such situations (Table 3, 

I & II). The influence of mature virgin females, into which CV molted soon after the start 

of experiments, might last for about 12 h. The attractiveness to males is much stronger in 

mature virgin females than in older females. Assuming that every one copulation was made 

by different males, only 22.4 % of the 290 males copulated even in a limited space (Table 5). 

Males make no tactile interrogation for mate discrimination (UCHIMA, unpubl.). These findings 

may show that females ready for copulation emit a sex-attractant pheromone, by which males 

can discriminate mates. 

Remating is necessary for some older females to maximize genetic expression. For males, 

however, mating with FVE is advantageous; hence, the stronger attractiveness in FVE than 

in older females allows males to maximize their genetic expression. When mature virgin females 

were segregated with abundant food, they laid unfertilized, but not parthenogenetic, eggs 
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(UCHIMA 1985), as in calanoid copepods (MARSHALL & ORR 1955, JACOBS 1961, HEINLE 1970, 

CORKETT & ZILLIOUX 1975, JACOBY & YOUNGBLUTH 1983; see also WATRAS & HANEY 

1980). Females must copulate before normal egg-laying. Hence, FVE presumably emit the 

pheromone most effectively. 

Multiple copulations also take place in various copepods. They result in wastage of time 

and energy in males (KATONA 1975, BLADES 1977, BLADES & YOUNGBLUTH 1980, HOPKINS 

1982, HOPKINS & MACHIN 1977) and in inhibition of copulation in other females. HOPKINS 

& MACHIN (1977) suggested that the misplacement of a spermatophore by a male on an 

inappropriate position of the female's genital segment might not stop her pheromone emission, 

and hence allows successive copulations to take place in Euchaeta norvegica. FERRARI (1978) 

believed the delayed insertion of the tubule of a misplaced spermatophore into the female's 

genital opening in E. norvegica to be the causative factor of the delayed halt of pheromone 

emission. Their hypotheses suggest that the misplacement of spermatophores through the 

behavioral error of males directly or indirectly causes multiple copulations in calanoid copepods. 

However, multiple copulations took place in 0. davisae, especially in FVNM, regardless of 

spermatophore placement (Table 5). 

The copulation in FVNM is precocious, as they cannot use sperm for at least 5 days and 

the activity period of sperm is limited. Calanus finmarchicus females lay no eggs in unfavor

able food conditions, even if they have mature oocytes in ovaries and diverticula (MARSHALL 

& ORR 1952, 1955). This is not the case of the FVNM, however, for when O. davisae 

females carrying eggs at the sampling time had mature new oocytes at 20°C, they always 

laid the eggs, regardless of food conditions, within 3 days. The genital system is likely to 

have anomalous states in FVNM. Males are incapable of discriminating FVNM from FVE 

but are apt to make multiple copulations with FVNM. Hence, anomalous states in the genital 

system may inhibit the termination of pheromone emission. This anomalous emission of 

pheromone by the FVNM may lead males to copulate with the inappropriate mate CV. 

There was no evidence in 0. davisae that the multiple copulations were caused by high 

density of males or high proportion of males, whereas these conditions seem to cause female 

calanoid copepods to copulate repeatedly (FLEMING ER 1967, SA WCHYN & HAMMER 1968, 

HOPKINS 1982, HOPKINS & MACHIN 1977; see also FERRARI 1978). The multiple copulations 

in 0. davisae are here primarily attributed to co-existence of females anomalously emitting 

the pheromone. Such anomalous physiological states of females, which have been confirmed 

by analysing the timing of copulation and egg-laying and hatching ratio of eggs, will be reported 

in the following part of this study. 
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