








































































































































































































































































































































































































































































Table 7.1: Mean + standard error number of eggs laid over 4 weeks in each treatment 
for each species (sample size in brackets; N = mated to normal male; R = mated to 
irradiated male; NR = mated first to a normal male, then to an irradiated male' RN = 
mated first to an irradiated male, then to a normal male) , 

Treatment Species 

L.laticauda L. punctatissima S.stali 

N 146.3 + 22.2 (3) 35.0 + 4.6 (3) 119.0 + 12.4 (7) 

R 79.8 + 7.5 (4) 35.0 + 7.8 (3) 140.0 + 35.5 (4) 

NR 108.0 + 17.0 (3) 92. 1 + 11. 1 (7) 125.3 + 32.2 (4) 

RN 86.4 + 16.4 (5) 104.0 + 10.2 (5) 208.0 + 25.0 (4) 

Table 7.2: P values (proportion of eggs fertilised by the last male to mate) for 
individual fefuales of each species (RN = mated first to an irradiated male, then to a 
normal male; NR = mated first to a normal male, then to an irradiated male). 

Treatment 

RN 

NR 

Mean + 
S.E. 

L.laticauda 

0.28 
0.20 
0.45 
0.01 
0.0 

-0.19 (ie.O) 
-0.04 (ie.O) 
-0.2 (ie.O) 

0.12 + 0.06 

Species 

L. punctatissima 

0.31 
0.06 
0.98 
0.37 
0.94 

0.54 
0.09 . 
0.63 
0.94 
0.91 
0.88 
0.93 

0.63+0.1 

S.stali 

0.85 
0.63 
0.08 
0.92 

1.0 
0.98 
1.0 
0.97 

0.8+0.11 



females in the doubly-mated categories laid significantly more eggs than females in 

the singly-mated categories over the four-week period (non-parametric ANOVA 

testing an a priori directional prediction (number of eggs laid by doubly-mated 

females> number of eggs laid by singly-mated females), z=3.37, p<O.OOl). 

However, no such difference was found in L.laticauda (z=-0.23, NS) or in S.stali 

(z = 1.57, NS), though the result for the latter species is close to significance. The 

difference in fecundity between singly and doubly mated L.punctatissima is analysed 

further in chapter 8. 

For L.punctatissima, the mean egg viability for N females was high (v= proportion 

viable= 0.81 + 0.04, n=3), while eggs produced by R females showed almost 

complete early embryonic mortality (v= 0.007+ 0.007, n=3). A very similar 

pattern occurred in L.laticauda (v for N females= 0.75+ 0.1, n=3; v for R 

females= 0.005+ 0.003, n=4). In S.stali, the mean egg viability for N females was 

lower (v= 0.65 + 0.06) and eggs produced by R females showed complete early 

embryonic mortality (v= 0, n =4). 

For L.punctatissima, the mean proportion of eggs fertilised by the second male to 

mate (P 2) in R,N matings was 0.53 + 0.18 (n =5). The mean P 2 value for N,R 

matings was 0.70+ 0.12 (n=7). The overall mean P2 value was 0.63+ 0.1 (range: 

0.06 - 0.98, n=12) (Thble 7.2) indicating random sperm mixing with, perhaps, a 

slight second-male advantage. 

For L.laticauda, the mean P
2 

for R,N matings was 0.19+ 0.08 (n=5) while the 

mean P
2 

for N,R matings was -0.14+ 0.05 (n=3). A negative P2 value occurred in 

this case because the mean proportion of viable eggs from N,R matings was higher 

than the mean proportion of viable eggs in the N group. Considering the small 

sample sizes, this was probably due to random sampling error. Being a proportion, 
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the negative P2 value should be taken as zero. The overall mean P value for 
2 

L.laticauda was 0.12+ 0.06 (range a - 0.45, n=8) (table 7.2) indicating pronounced 

first-male sperm precedence. 

For S.stali, the mean P2 value for N,R matings was 0.99+ 0.008 (n=4) while the 

mean P2 for R,N matings was 0.62+ 0.19 (n=4). The overall mean P
2 

value for 

S.stali was 0.8+ 0.11 (range 0.08 - 1, n=8) indicating pronounced last-male sperm 

precedence. Out of the 8 females, 7 showed last-male sperm precedence while only 

one showed first-male precedence (see table 7.2). Although this could reflect a failed 

second mating, the small sample size does not warrant the exclusion of this data 

point. 

Non-parametric analysis of variance (Meddis 1984) revealed a significant difference 

between the P2 values of the three species (H
2 

= 13.65, P < 0.01). 

7.3.2 Mating behaviour. 

7 .3.2.a L.punctatissima. 

The typical sequence of events in a successful mating encounter for L.punctatissima 

was as follows: after the pair had made antennal contact, the male would turn his 

back to the female, arching it downwards. The female would then walk forwards, 

palpating the dorsal surface of the male's back. When the female was fully mounted 

upon the male and palpating the dorsal tergites adjacent to the male's reduced 

tegmina, the male would reach the tip of his abdomen upwards and backwards and 

clasp the base of the ovipositor with his cerci. The inwardly curved tips of the cerci 

link with grooves either side of the base of the ovipositor. The mean time taken from 
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the female mounting to the male linking his cerci (ie. the start of copulation) was 

0.56+ 0.11 min (0.13 - 1.32 min, n = 11). The copulatory position consisted of the 

female mounted above the male, both facing in the same direction, though with the 

male's front end slightly bent towards the substrate. Deposition of the spermatophore 

began 1.18+ 0.07 min (0.93 - 1.43 min, n=7) after the start of copulation. 

Copulation ended 2.1 + 0.27 min (0.73 - 3.12 min, n =7) later. The total copulation 

duration was 4.15 + 0.23 min (1.66 - 8 min, n =27). As a result of spermatophore 

production, males lost an average of 5.6+ 0.26 % (2.28 - 8.49 %, n =45) of their 

body weight. Following copulation, the female would generally walk away, while 

the male would remain stationary. The male appeared to show no further attention to 

the female after copulation. The male would groom his genital region 30 sec - 3 min 

after the end of copulation and would shudder violently 7+ 1.2 min (4 - 11 min, 

n = 6) after the end of copulation. Males were observed to resume stridulation 69.7 + 

4. 1 min (60 - 91 min, n = 7) after copulation had ended. One male was observed to 

transfer a spermatophore to a different female 217 min after a previous copUlation, 

though this was smaller than the first. The female would bend double, detach most 

of the spermatophylax and begin to eat it 11.48+ 0.69 min (1.67 -17min, n=32) 

following the termination of coupling. The female tended to eat the ampulla directly 

after having finished the spermatophylax, 42.57+ 1.81 min (22 - 74 min, n =37) 

after the end of copulation (chapter 5). 

7.3.2.b L.laticauda 

Mating in L.laticauda was similar to that in L.punctatissima, though when the 

female was mounted upon the male and palpating the dorsal tergites adjacent to the 

male's reduced tegmina, the male would reach the end of his abdomen backwards 

and upwards, grasp the base of the ovipositor with his cerci then, unlike 

L.punctatissima, would release it almost instantaneously before repeating the action. 
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This behaviour continued for an average of 3.32+ 0.42 min (1.5 - 7 min, n=14) 

before copulation began. The ampulla was secreted 0.88+ 0.04 min (0.67 - 1.22 

min, n= 16) from the start of copulation. The large spermatophylax followed and 

copulation ended 2.83+ 0.19 min (1.83 - 4.85 min, n= 18) later. The total duration 

of copulation was 3.87 + O. 17 min (2.81 - 5.85 min, n = 20). Males lost an average 

of22.86+ 0.66 % (11.33 - 32.7 %, n= 60) of their body weight at mating as a 

result of spermatophore production. As in L.punctatissima, after copulation, the 

female would generally walk away while the male would remain stationary and 

appeared to pay no further attention to the female. The male would groom his 

genitalia before shuddering violently about 6 min after the end of copulation. In the 

presence of other singing males, male L.laticauda would begin aggressive song (see 

Hartley 1991; chapter 6) as little as 5 min after the end of copulation. Males have 

been observed to mate again on the day following a previous mating, though this 

results in the transfer of a smaller spermatophore (see chapter 6). The female would 

bend double and begin to consume the large spermatophylax 2.58+ 0.75 min (0.08 -

9 min, n = 12) after the end of copulation. Unlike L.punctatissima, females did not 

detach the spermatophylax but would take small bites, straighten up, chew, then 

bend again to take further bites. Females began to eat the ampulla directly after 

having finished the spermatophylax, 338.3+ 20.38 min (225 - 462 min, n=10) after 

the end of copulation (chapter 5). 

7.3.2.c S.stali. 

In S.stali, as in the previous two species, pairs would make antennal contact then the 

female would mount the male, palpating his dorsal tergites. When the female's head 

was above the male's pronotum, the male would reach the tip of his abdomen 

backwards and upwards with his cerci raised and would probe in the region of the 
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female's subgenital plate. Copulation began when the strongly sc1erotised spurs on 

the inner tip of each cercus of the male engaged with the sockets situated either side 

of the eighth stemite (sub-genital plate) of the female (see Hartley & Warne, 1984 

for illustrations of the male cercal spurs and female sternal sockets of two species of 

ephippigerine; see also Rentz 1972 for illustrations of the same in a species of 

decticine). At about this point, the male's genitalia were partly everted and the 

titillators were inserted between the base of the ovipositor and the posterior flap of 

the subgenital plate, into the female's genital chamber (See Hartley & Warne, 1974 

for an illustration of the titillators of a species of ephippigerine). About 1 - 3 min 

after the start of copulation, the male would bend underneath the female into a 

c-shape and would grasp the ovipositor with his first and second pairs of legs. The 

fleshy, everted genitalia of the male would pulsate regularly, about once every 2 

seconds, and the titillators would move rhythmically in the female's genital chamber 

until the bilobed ampulla began to be secreted, 13.9+ 0.98 min (10 - 20 min, n = 10) 

after the start of copulation. The large spermatophylax followed and when it was 

fully secreted, 1.74+ 0.18 min (0.5 - 3.15 min, n = 16) later, the female would 

begin to walk and the male would disengages his cerci and drop away. The total 

duration of copulation was 16.16+ 0.94 min (10 - 24 min, n=19). The 

spermatophore represented an average of27+ 0.74 % (15.8 - 36.7 %, n=51) of 

male body weight. After copulation, the male tended to remain stationary and, as in 

the other two species, would groom his genital region and appeared to pay the 

female no further attention. S.stali males did not resume singing until 3+ 0.14 days 

(2 - 4 days, n = 13) following mating and would re-mate after this time. At an 

average of 2.6 + 0.5 min (1-5min, n = 10) after the end of copUlation, females 

would bend double and begin to consume the spermatophylax. As in L.laticauda, the 

spermatophylax was not removed but was eaten one mouthful at a time. The ampulla 

was eaten directly after the female had finished the spermatophylax. Out of 27 

females observed, 20 ate the whole of the spermatophylax on the day of mating, 
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taking an average of 7.49 + 0.74 hours (2 - 14 hours) to do so before eating the 

ampulla (data from chapter 6), while 7 females ate only about half of the 

spermatophylax then stopped eating it. Five of these resumed feeding the next day 

and finished the ampulla 20.5 - 24 hours from the start of copulation, while the other 

2 left the remainder of the spermatophore uneaten. This eventually dropped to the 

ground 72 hours after the end of copUlation (chapter 6). 

7.3.3 Female refractory periods. 

The mean female refractory period for L.punctatissima was found to be 185.43 + 

38.26 min (75 - 384 min, n =7) when females were given the opportunity to re-mate 

on the same day as a previous mating. Females would almost invariably re-mate on 

the day following a previous mating. For L.laticauda, the mean female refractory 

period was found to be 6.87+ 1.02 days (1 - 15 days, n=15). The mean female 

refractory period for S.stali was found to be 4.8+ 0.36 days (3 - 7 days, n= 10). 

None of the female L.punctatissima which re-mated on the same day as a previous 

mating showed any sign of oviposition behaviour (ie. probing at the crevices 

between the wooden supports of the observation cage with the ovipositor) between 

matings. This is not surprising because the L.punctatissima in this experiment 

generally mated for the second time before nightfall and females of this species do 

not generally oviposit until this time of day (Duncan 1960; Deura & Hartley 1990; 

pers. obs.). Female L.punctatissima which re-mated on the day following an initial 

mating did, however, oviposit overnight. Detailed counts of the number of eggs laid 

overnight were not made, though observations suggest that females tended to lay 

about 4 eggs in this period. This figure agrees with the mean weekly egg production 

of about 25 eggs for this species under similar environmental conditions (Deura & 

Hartley 1990; chapter 8) and roughly corresponds with Wedell's (in press) estimate 
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of the mean number of eggs laid over period of 1.6 days for this species (5.7 eggs). 

During the mean refractory period of about 7 days, female L.laticauda lay about 25 

eggs (chapter 8). The mean number of eggs laid by female S.stali during their first 

refractory period was found to be 18.2+ 5.25 (0 - 67 eggs, n=20). 

7.3.4 Spermathecal morphology. 

The spermatheca of S.stali consists of a spheroid, sac-like bladder with a narrow, 

convoluted spermathecal duct which opens into the genital chamber. The 

spermatheca of a singly-mated female S.stali is illustrated in fig. 7.1a. The 

spermathecae of L.punctatissima and L.laticauda are very similar in shape to one 

another and differ from that of S. stali in that the spermathecal bladder is more 

elongated and is distinctly pointed. The spermathecae of virgin L.punctatissima and 

L.laticauda are illustrated in figs. 7.1b and 7.1c, respectively. As the spermatheca of 

L.laticauda receives more sperm, the spermathecal bladder appears to become more 

elongated, up to a point. The spermathecae of three singly-mated L.laticauda 

containing progressively larger amounts of sperm are illustrated in Figs. 7.2a, 7.2b 

and 7.2c. The number of sperm contained in these spermathecae were 297 x 1<P, 

634 x 103 and 1303 x 103 sperm, respectively. 
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Fig. 7.1 a) Spermatheca (sperm-storage organ) of a singly-mated female 

Steropleurus stali; b) spermatheca of a virgin female Leptophyes punctatissima; c) 

spermatheca of a virgin female L.laticauda. Scale bars represent 1 mm in each case. 



a 

b 

c 



Fig 7.2 a), b) & c) Spermathecae of three singly-mated L.laticauda, containing 

progressively larger amounts of sperm. Scale bars represent 1 mm in each case. 



a 

b 

c 



7.4 Discussion. 

7.4.1 The potential of the spermatophylax to function as paternal 

investment in L.Iaticauda, L.punctatissima and S.stali. 

In L.laticauda, as in Requena venicalis (see Gwynne 1988b), the pattern of 

pronounced first-male sperm precedence means that when a male mates with a virgin 

female, he will have a high probability of fertilising eggs in which nutrients from his 

spermatophylax might be incorporated. This will occur regardless of the duration of 

the female's post-mating refractory period or the time taken to lay eggs containing 

these nutrients. The spermatophylax, therefore, has the potential to function as 

paternal investment in L.laticauda when males mate with virgins, if nutrients from 

the spermatophylax result in an increase in offspring fitness or number (however, no 

significant effect of spermatophylax-feeding on egg weight or number has been found 

in this species, see chapter 8). On the other hand, when a male mates with a non­

virgin at the end of her first refractory period, the pattern of first-male sperm 

precedence means that nutrients from the spermatophylax would be donated to eggs 

which will be predominantly fertilised by sperm from another male. The 

spermatophylax would be unlikely to function as paternal investment in this case 

(Wickler 1985). It could be argued, however, that since males that have mated with 

virgins are the only ones that are likely to leave a significant number of progeny, the 

fact that the spermatophylax is unlikely to function as paternal investment when a 

male mates with a non-virgin is irrelevant to the argument that the spermatophylax is 

maintained by selection for paternal investment. 

163 



With pronounced first-male sperm precedence, males that are able to determine 

female mating status and preferentially mate with virgins will be at a selective 

advantage. In the spider Frontinella pyramitela (Linypiidae) and the fly Culicoides 

melleus (ceratopogonidae), species in which there is first-male sperm precedence 

(Linley 1975; Austad 1982), there is evidence that males are able to assess female 

mating status during courtship and copulation attempts (Linley & Hinds 1975; Suter 

1990). In R. venicalis, no evidence of male discrimination in favour of virgin 

females per. se. has been found in the lab. or in the field (Lynam et al 1992; 

Simmons et aI, in press). However, males can apparently assess female age as they 

show a preference for younger females (Simmons et al, in press) and produce 

smaller spermatophylaxes when mating with older females (Simmons et al 1993). 

The latter phenomenon also occurs in D. verrucivorus (Wedell 1992), a species 

which shows sperm mixing (Wedell 1991). In the field, older females are probably 

more likely to be non-virgins. Simmons (1993) proposed that the production of 

smaller spermatophylaxes by R. verticalis males when mating with older females fits 

with the paternal investment hypothesis for spermatophylax function: due to first­

male sperm precedence, male R. verticalis will have a low probability of fertilising 

eggs when mating with non-virgin females and, therefore, they reduce the degree of 

paternal investment accordingly. An alternative hypothesis to account for this 

phenomenon might be that older females differ in their rate of spermatophylax 

consumption or tendency to eat the spermatophore. Observations of L.laticauda and 

S.stali suggest that older females frequently eat only half of the spermatophylax and 

leave the remainder of the spermatophore attached. In this case, production of a 

large spermatophylax would be un-necessary to prevent the female from removing 

the ampulla prematurely. 

In L.laticauda, laboratory observations do not suggest male discrimination against 

non-virgins; the sperm precedence study would not have been possible if such 
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discrimination were pronounced. Nevertheless, the observation that the mean time 

taken from the female mounting the male to the start of copulation is about six times 

greater in L.laticauda (mean: 3.32 + 0.42 min, range: 1.5 - 7 min, see section 

7.3.2.b) than in L.punctatissima (mean 0.56 + 0.11 min, range 0.13 - 1.32 min, see 

section 7.3.2. a) could reflect the presence in L.laticauda of an adaptation to help 

discriminate against non-virgins. During this pre-copulatory period, male 

L.laticauda repeatedly engage their cerci with the base of the female's ovipositor (ie. 

begin copulation) before pulling away again. A prolonged pre-copulatory period 

might facilitate male assessment of female virginity (see Suter 1990). The male may 

assess the degree of female receptivity (see Linley & Hinds 1975) and may require 

female "courtship persistence" in this period. However, similar pre-copulatory 

behaviour also occurs in Poecilimon veluchianus (pers. obs.). This species shows 

pronounced last-male sperm precedence (Achmann et al 1992), therefore there is no 

advantage to males, in this context, in discriminating in favour of virgins. The 

significance of this pre-copulatory behaviour, which also occurs in several members 

of the sub-family Tettigoniinae (pers. obs), remains to be investigated. 

In L.punctatissima, with its sperm mixing, and, to a greater extent, S.stali, with its 

last-male sperm precedence, the duration of the female refractory period in relation 

to the time taken for females to lay eggs containing nutrients from the 

spermatophylax becomes important in determining the potential of the 

spermatophylax to function as paternal investment. In both these species, as in most 

other bushcrickets observed, females tend to store mature eggs in their oviducts, 

both before becoming sexually receptive and throughout their reproductive lives 

(pers.obs.). Such eggs will have undergone vitellogenesis and will be unable to 

incorporate further nutrients. These stored eggs will be oviposited before any 

subsequently-developed eggs. Because fertilisation occurs as eggs are laid, this will 

result in a time delay between mating and the male's sperm being able to fertilise the 
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eggs which might contain nutrients from his spermatophylax. 

In L.punctatissima, females will re-mate as little as 185 min. after a previous 

mating, in which time they are unlikely to lay any eggs at all (see section 7.3.3). If 

females re-mate the following day, they may lay about 4 eggs overnight. From first 

becoming adult to reaching receptivity (a period of about a week, pers.obs.), female 

L.punctatissima become quite rotund with stored eggs. On average, female body 

weight increases by 60 % during this period (Mean female weight on becoming adult 

= 0.2+ 0.008g, range: 0.1533 - 0.23g, n= 10; mean female body weight when first 

sexually receptive = 0.3265 + 0.0136g, range: 0.2513 - 0.3960g, n= 11). Females 

may contain up to 60 mature eggs when first sexually receptive (pers.obs.). Even 

after females have begun to oviposit, they still contain a large number of stored 

eggs: a random sample of females dissected after they had oviposited for 1 - 4 weeks 

contained an average of 45 + 8.0 mature eggs (range: 13 - 67 eggs, n =7). 

Therefore, the 4 eggs which females may lay between matings, if they re-mate the 

next day, are highly unlikely to contain spermatophylax nutrients from the female's 

most recent mate. From the mean number of stored eggs and the rate of egg-laying, 

it would take females about ten days before they could begin to lay eggs developed 

directly after a given mating, which could contain the male's spermatophylax­

nutrients. In this period, females are likely to re-mate several times, assuming that 

they tend to re-mate at the end of their refractory periods. Taking into account the 

pattern of sperm precedence, nutrients from one male's spermatophylax are 

therefore likely to be donated to eggs which will predominantly be fertilised by other 

males, as in D. verrucivorus (Wedell 1993). It should be noted, however, that this 

assumes that behaviour in the lab. (ie. female refractory periods and the number of 

mature eggs stored) is comparable to that in the field. If this is the case, the small 

spermatophylax of L.punctatissima is unlikely to function as paternal investment. 
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In S.stali, the mean female refractory period was found to be about 5 days, during 

which time females laid an average of 18 eggs (range 0 - 67 eggs) (see section 

7.3.3). As in L.punctatissima, females tend to be rotund with stored eggs (containing 

up to 100 mature eggs, pers. obs.) when first sexually receptive, at an average of 

9.7+ 0.72 days (range: 6 - 13 days, n=10) after becoming adult (pers.obs.). 

Furthermore, they continue to have a large number of mature eggs in storage 

throughout their lives: a random group of females dissected after having oviposited 

for 1 - 2 weeks contained an average of 62+ 9.6 mature eggs (range: 26 - 100, 

n = 6). Because the mature eggs in storage will be laid first, the average of 18 eggs 

laid in a female's refractory period are unlikely to be able to contain spermatophylax 

nutrients from her most recent mate. If a female re-mates at the end of her refractory 

period, therefore, eggs which stand to benefit from the spermatophylax nutrients of a 

given male are likely to be predominantly fertilised by the sperm of subsequently-

mating males, taking into account the last-male sperm precedence in this species. 

Assuming that females tend to re-mate at the end of their refractory periods in the 

field (this species often occurs at high densities in the field, P.Bateman, pers. 

comm., so females are unlikely to have trouble in finding a mate), it seems, 

therefore, that the large spermatophylax of S.stali (contributing to a loss of up to 

37% of male body weight at mating) is unlikely to be maintained by selection for 

paternal investment. 

7.4.2 Possible mechanisms of sperm precedence in L. punctatissima, 

L.Iaticauda and S.stali. 

The mean P
2 

value of 0.63 together with the large degree of variation in P2 values in 

L.punctatissima (range: 0.06 - 0.98, table 7.2) suggest a pattern of random mixing 

of sperm from both males within the spermatheca. Similar intraspecific variation in 
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P 2 values around a mean value approximating 0.5 has been found in the tettigoniid 

Decticus verrucivorus (Wedell 1991) and the Gryllids Gryllodes supp/icans (Sakaluk 

1985) and Gryllus bimaculatus (Simmons 1987), species in which sperm-mixing is 

presumed to occur (see also Parker et al 1990 who found that the pattern of sperm 

precedence in G.bimaculatus fitted their model of random sperm mixing). In these 

three species, it appears that the intraspecific variation in P 2 values can, at least in 

part, be explained by the relative number of sperm transferred by either the first or 

last male to mate: the male which has transferred the most sperm fertilises a greater 

proportion of the female's eggs (Sakaluk 1985; Simmons 1987; Wedell 1991). 

In L.laticauda, a pattern of first-male sperm precedence was found. This is relatively 

unusual amongst insects (see Ridley 1989). Two possible mechanisms of first-male 

sperm precedence have been suggested for insects. These are: 

1) Mating plugs. The first male to mate with the female deposits an obstruction 

(sperm-plug or mating-plug) in the female's reproductive tract which prevents the 

entry of sperm from subsequently mating males (Reviewed by Parker 1970; 

Boorman & Parker 1976, see also Parker & Smith 1975; Matsumoto & Suzuki 

1992); 

2) Spennathecal filling. The first male fills the female's sperm-storage organ to 

capacity, creating a back-pressure that prevents further sperm from entering 

(Retnakaran 1974; Walker 1980; see also Lessels & Birkhead 1990 who modelled 

this as a theoretically possible mechanism of first-male sperm precedence, with 

reference to birds). 

In Lynyphiid spiders, first-male sperm precedence may result from the morphology 

of the spermatheca: there are separate tubes for the entry and departure of sperm on 
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opposite sides of the spermatheca (Austad 1982; Austad 1984; Watson 1991). 

Consequently, sperm from the first-male may be positioned closer to the opening 

leading to the oviduct, resulting in a "first in, first out" bias in sperm precedence 

favouring the first male (Watson 1991). 

In L.laticauda, the spermatheca has only a single tube through which sperm both 

enter and leave (see figs. 7.1 and 7.2). Consequently, the latter mechanism of first­

male sperm precedence may be ruled out. Dissection of females mated 1 - 6 weeks 

previously (n = 10), together with microscopic examination of the reproductive tract 

has failed to reveal the presence of any obvious obstructions to further sperm 

transfer, such as a broken spermatophore tube (cf Parker & Smith 1975) or a mucoid 

plug. However, the sperm-plug hypothesis cannot be ruled out on this basis because 

a barrier to further inseminations might take a subtle form and might be damaged by 

dissection or overlooked. Furthermore, such a barrier might only be temporary and 

might have been dissolved by the female prior to dissection. 

The hypothesis that the first male to mate in L.laticauda may fill the spermatheca to 

capacity, thus preventing further sperm from entering, is an interesting possibility 

because, if this were the case, the difference in sperm precedence between 

L.laticauda and L.punctatissima might be accounted for by the difference in mean 

sperm number between the two species. L.laticauda males produce, on average, 

about 15 times more sperm per spermatophore than L.punctatissima males, or 5.6 

times more sperm if the difference in male body weight between the two species is 

taken into account (chapter 5). The larger sperm load of L.laticauda might fill the 

spermatheca to capacity, resulting in first male sperm precedence, while the smaller 

sperm load of L.punctatissima might be insufficient to fill the spermatheca, allowing 

the mixing of ejaculates from different males to occur. Preliminary data suggest that 

the spermatheca of L.laticauda may have a limited capacity: the spermatheca in once 
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mated females was found to contain an average of 744.7 x 103+ 295.6 x lW sperm 

(range: 297 x 10
3 

- 1303 X 103 sperm, n =3) which is less than half the mean number 

of sperm contained in the spermatophore of mature males (= 1687.6 x lW + 128.8 

x 10
3 

sperm, range: 894 x 103 
- 3104 x 103 sperm, n = 17, chapter 5). However, the 

sample size was small and more data are needed. Furthermore, the three once-mated 

females had mated about 4 weeks previously (though they were prevented from 

laying eggs in this period). Sperm might have died in storage during this time or 

could have been digested by the female. 

The hypothesis that first-male sperm precedence results from spermathecal filling by 

the first male could be tested in two ways. Firstly, the number of sperm in the 

spermathecae of singly and doubly-mated females could be compared. The 

spermathecal filling hypothesis predicts that the spermathecae of singly and doubly­

mated females should not differ in the number of sperm they contain. However, the 

sperm-plug hypothesis would also predict this. In order to distinguish between the 

sperm-plug and spermathecal-filling hypotheses, the amount of sperm transferred by 

the first male (ie. the duration of spermatophore attachment) could be manipulated 

and its effect on the degree of first-male sperm precedence examined (eg. using the 

sterile-male technique, Boorman & Parker 1976). The spermathecal-filling 

hypothesis predicts that if the first male fails to introduce a sufficient amount of 

sperm to fill the spermatheca, first-male sperm precedence should break down and 

sperm-mixing should occur. The sperm-plug hypothesis, on the other hand, predicts 

that no sperm from the second mating should enter the spermatheca, regardless of 

the amount of sperm transferred by the first male. 

In S.stali, data suggest a pattern of last-male sperm precedence (mean P2 = 0.8), 

though more replicates would be desirable to confirm this pattern since one of the 

eight females in this experiment showed first-male precedence. Three principal 
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mechanisms of last-male sperm precedence have been proposed for insects (see 

Birkhead & Hunter 1990; Parker et al 1990; Lessels & Birkhead 1990). These are: 

1) Stratification. This occurs when sperm from later inseminations lie in a more 

favourable position for fertilisation (ie. nearest to the exit of the spermatheca) than 

sperm from earlier inseminations leading to a "last in, first out" second male bias. 

Walker (1980) proposed that this is more likely to occur in species with elongate or 

tubular spermathecae (but see Ridley, 1989, who, in a comparative study, failed to 

find a significant relationship between spermathecal shape and the pattern of sperm 

precedence in insects); 

2) Volumetric displacement (= sperm flushing). Sperm from the last male enter the 

spermatheca (presumably under pressure) and force out sperm which are already 

there (eg. Etman & Hooper 1979; Ono et al 1989; Parker et al1990; Parker & 

Simmons 1991); 

3) Direct removal \ stimulating the female to release stored sperm. Males may 

physically scoop sperm from previous inseminations out of the female's reproductive 

tract using specially modified parts of the intromittent organs (as, for example, in the 

Odonata: Waage 1979, 1984; Siva-Jothy 1987; Siva-jothy & Tsubaki 1989) or may 

stimulate the female to release previously stored sperm prior to transferring their 

own (eg. Helversen & He1versen 1991). 

Alternatively, last-male sperm precedence might result from the mortality of sperm 

in the females reproductive tract (Lessels & Birkhead 1990), the killing or 

immobilisation of earlier sperm by later sperm (Silberglied et al 1984) or the 

selective manipulation of stored ejaculate by females (Birkhead & Moller 1993). 
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In S.stali, the spermatheca is a membranous, spheroid, sac-like structure (fig 7.1a). 

According to Walker (1980), therefore, stratification would be unlikely to occur, 

though it would probably be unwise to exclude the possibility of stratification on this 

basis alone. Volumetric displacement of sperm also seems unlikely in S.stali. Unlike 

the tree cricket Truljalia and the yellow dung-fly Scatophaga, species in which 

volumetric displacement is the proposed mechanism of sperm precedence (Ono et al 

1989; Parker et al 1990; Parker & Simmons 1991), sperm in S.stali is transferred 

via a spermatophore. This, together with the long, narrow and convoluted 

spermathecal duct in this species (see fig 7.1a) suggests that sperm are unlikely to be 

delivered either in the correct position or under sufficient pressure to displace sperm 

already stored in the spermatheca (the spermatophore tube does not reach into the 

spermathecal duct, pers. obs.). 

Sperm removal\ stimulation of the female to release previously stored sperm would 

seem to be more feasible as the mechanism of last-male sperm precedence in S.stali. 

Prior to spermatophore transfer, S.stali males insert a pair of barbed titillators into 

the female's genital chamber and appear to move them rhythmically as the everted 

genitalia of the male pulsate. This behaviour continues for an average duration of 14 

min (10 - 20 min, see section 7.3.2.c) before the spermatophore is transferred. 

Although the titillators are unlikely to be able to reach up into the spermathecal duct 

(they are too short, pers.obs.), it is possible that their movement might stimulate the 

release of previously stored sperm by the female, as do movements of the male's 

specialised SUb-genital plate within the female's genital chamber in the bushcricket 

Metaplastes ornatus (Helversen & Helversen 1991). Alternatively, the prolonged 

copulation prior to spermatophore transfer might be a mate-assessment period 

(Wedell 1992) or may be necessary for the formation of the large spermatophore 

(see chapter 3, part 1 for further discussion of this subject). The latter explanation 
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would seem unlikely, however, because certain other Steropleurus species, which 

produce equally large spermatophores, require only a matter of minutes for 

spermatophore formation following the start of copulation (0.87 - 2 min in 

S.martorelii, S.brunneri and S.perezi, chapter 3), as in L.laticauda. It would be 

interesting to compare the pattern of sperm precedence in one of these Steropleurus 

species with that of S.stali. 

The hypothesis that male S.stali stimulate the female to release stored sperm prior to 

spermatophore transfer could be tested by comparing the number of sperm in the 

spermatheca of singly-mated females with that of doubly-mated females in which the 

second male is allowed a full copulation but the spermatophore is removed before 

sperm transfer. If the release of stored sperm occurs, females in the latter category 

should have significantly fewer sperm in their spermathecae than females in the 

former category (see Helversen & Helversen 1991). 

That last-male sperm precedence in S.stali may be a passive consequence of the 

mortality of sperm from the first male seems unlikely because second matings 

occurred soon after first matings (about 5 days) in the sperm precedence experiment. 

Furthermore, singly-mated females had a reasonably high hatching success over the 

4 week period and the spermatheca of a singly-mated female dissected after 4 weeks 

contained large numbers of active sperm. Insufficient data are available to comment 

on the possible occurrence in S.stali of the other two potential mechanisms of last­

male sperm precedence mentioned above. 
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7.5 Summary. 

In order for the spermatophylax to function as paternal investment, the donating male 

must stand a chance of fertilising a significant proportion of the eggs which stand to 

benefit from his spermatophylax nutrients. Whether this can be the case will depend, 

in part, upon the pattern of sperm use by multiply-mated females (= the pattern of 

sperm precedence), the female refractory period and the time taken for the female to 

lay eggs containing male-donated nutrients. I examined the pattern of sperm 

precedence in the bushcrickets Leptophyes laticauda, L.punctatissima and S. stali, 

using the sterile-male technique. The duration of the female refractory periods and 

the number of eggs laid in the refractory period were also noted. In addition, I 

examined the mating behaviour and spermathecal morphology of these species -

information which can be useful in the generation of hypotheses to explain the 

mechanism of sperm precedence. In L.laticauda, a pattern of first-male sperm 

precedence was found (mean proportion of a doubly-mated female's eggs fertilised 

by the last male = P2 = 0.12); therefore, a male mating with a virgin will fertilise a 

large proportion of the eggs in which his spermatophylax nutrients may be 

incorporated. The large spermatophylax of this species will, therefore, have the 

potential to function as paternal investment, if nutrients from the spermatophylax 

result in an increase in offspring fitness and\or number. However, there is the 

problem that a male mating with a non-virgin will stand little chance of fertilising 

eggs which might benefit from his spermatophylax nutrients. In L.punctatissima, 

sperm mixing with, perhaps, a slight last-male bias, was found (mean P2 = 0.63), 

while data for S.stali indicated pronounced last-male sperm precedence (mean P2 = 

0.8). As a result of the large number of mature eggs typically stored by females of 

these species, together with the duration of the female refractory periods and the 
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mean number of eggs laid in these periods, it appears that females are likely to have 

re-mated before laying eggs which could contain nutrients donated by a given male. 

Thking into account of the patterns of sperm precedence in these two species, this 

means that one male's spermatophylax nutrients are likely to be incorporated into 

eggs which will be predominantly fertilised by the sperm of subsequently-mating 

males. The small spermatophylax of L.punctatissima and the large spermatophylax 

of S.stali are unlikely, therefore, to be maintained by selection for paternal 

investment. In this chapter, I also discuss possible mechanisms of sperm precedence 

in the three species. 

175 



Chapter 8. The Effect of Spermatophylax Consumption 
on Female Reproductive Output in Bushcrickets. 

8.1 Introduction. 
8.2 Methods. 

8.2.1 Experiment 1: the effect of spermatophylax 
consumption on female fecundity in L.laticauda on both 
normal and restricted diets. 
8.2.2 Experiment 2: the effect of spermatophylax 
consumption and double mating on female fecundity in 
L.punctatissima. 
8.2.3 Experiment 3: the effect of spermatophylax 
consumption on female reproductive output in S. stali and 
S. asturiensis- a preliminary experiment. 

8.3 Results. 
8.3.1 Experiment 1: the effect of spermatophylax 
consumption and diet on fecundity in L.laticauda. 
8.3.2 Experiment 2: the effect of spermatophylax 
consumption and double-mating on fecundity in 
L.punctatissima. 
8.3.3 Experiment 3: The effect of spermatophylax 
consumption on female reproductive output in S.stali and 
S. asturiensis. 

8.4 Discussion. 
8.4.1 The effect of spermatophylax consumption on 
female reproductive output. . 
8.4.2 The effect of diet on female reproductIve output. 
8.4.3 The effect of double-mating on female reproductive 
output. 

8.5 Summary. 

176-193 

176 
177 

177 

179 

182 
184 

184 

185 

185 
186 

186 
190 

190 
192 



(0)0 li illl~ ~lili(E;(c1L (Q)l[ ~permatophylax Consumption on 

Female Reproductive Output in Bushcrickets. 

8.1 Introduction. 

The hypothesis that the spermatophylax in bushcrickets is maintained by selection for 

paternal investment proposes that a male benefits from spermatophylax production 

through the spermatophylax nutrients consumed by his mate being used to increase 

the fitness and\or number of the male's own offspring (see chapter 1, section 1.1.3). 

In support of this hypothesis, spermatophylax proteins have been found to be 

incorporated into developing eggs in the bushcrickets Requena verticalis (Bowen et 

al 1984), Decticus verrucivorus (Wedell 1993a) and a species of zaprochiline 

(Simmons & Gwynne 1993). Furthermore, in R. verticalis and the zaprochiline, 

females receiving a spermatophylax at mating have been found subsequently to 

produce more and\or heavier eggs than females experimentally deprived of the 

spermatophylax (Gwynne 1984a, 1988a; Simmons 1990a; Simmons & Bailey 1990; 

but see Gwynne et al 1984 who found no effect of spermatophylax feeding on egg 

weight or number in R. verticalis). In R. verticalis, Gwynne (l988a) found a 

significant negative relationship between the mean weight of eggs produced by 

females and the proportion of progeny which died before emergence. This suggests 

that the production of heavier eggs may amount to the production of fitter offspring. 

In the bushcrickets D. verrucivorus and Poecilimon veluchianus, however, no 

difference in the number or weight of eggs produced has been found between 

females deprived of the spermatophylax and those allowed to consume the 
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spermatophylax (Wedell & Arak 1989; Reinhold & Heller 1993). This casts doubt, 

therefore, as to whether an increase in egg weight and\or number through 

spermatophylax feeding is a general phenomenon in bushcrickets. 

In this chapter, I examine the effect of spermatophylax consumption by females on 

the number and weight of eggs subsequently produced in the bush crickets 

Leptophyes laticauda and L.punctatissima and present preliminary data for 

Steropleurus stali and S. asturiensis. Because the effects of male-derived nutrients on 

female fecundity are expected to be more pronounced when the level of nutrients 

available to females are below the amount necessary for maximum fecundity 

(Gwynne et al 1984, Gwynne 1984a; Boggs 1990), the effect of spermatophylax 

consumption on female reproductive output is examined here using females 

maintained on both normal and impoverished diets in L.laticauda and on 

impoverished diets only in S.stali and S.asturiensis. In this chapter, I also further 

analyse the difference in fecundity between singly and doubly-mated female 

L.punctatissima (see chapter 7, section 7.3.1). 

8.2 Methods. 

8.2.1 Experiment 1: the effect of spermatophylax consumption on 

female fecundity in L.laticauda on both nonnal and restricted diets. 

Male L.laticauda produce a large spermatophylax which contributes to a mean loss 

of 23 % (range: 11 - 33 %) of male body weight at mating (see chapter 7). The origin 

and maintenance in captivity of the L.laticauda stocks used in this experiment are 

outlined in chapter 5. Newly adult females were housed individually in plastic sweet 
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jars with nylon mesh set into the lid for ventilation. These females were assigned at 

random to one of two experimental groups: in the "normal-diet" group, females 

were fed ad libitum with Buddleia leaves (n= 20 females), while in the "restricted­

diet" group, females were provided with only one Buddleia leaf (approximately 8cm 

long) per week (n = 11 females - the sample size was initially larger though, 

unfortunately, six females in this category died prematurely). In both categories, the 

Buddleia leaves were placed in a vial of water to maintain freshness. A sample of 

eight females from each dietary group were weighed when newly adult and again 

when first showing signs of sexual receptivity (ie. showing response stridulation or 

attempting to mount a male). Pronotum length was measured (to the nearest 0.1 mm) 

for all females, using a pair of vernier callipers. On each day following the final 

moult, each female was placed in a mesh observation cage (measuring approximately 

10cm x IDem x IDem) with a stridulating male and observed for 1 hour. If females 

mated, they were assigned to one of two further experimental groups: in the 

"plus-spermatophylax" group, females were allowed to consume fully the 

spermatophylax after mating (n = 15 females, including 10 "normal-diet" females 

and 5 "restricted-diet" females); in the "minus-spermatophylax" group, females were 

deterred from eating the spermatophylax by sprinkling it with sand (n = 16 females, 

including 10 "normal-diet" females and 6 "restricted-diet" females). This technique 

was taken from Reinhold & Heller (1993). Females with spermatophylaxes treated in 

this way invariably left them uneaten. At about 6 hours after spermatophore 

deposition, the entire spermatophore of females in the "minus-spermatophylax" 

category was removed with forceps. This time corresponds to the mean time taken 

for females to consume the spermatophylax and eat the ampulla (see chapter 5). 

Counts of the number of sperm remaining in the spermatophore after this time 

indicated that the "minus-spermatophylax" treatment did not interfere with sperm 

transfer. While, therefore, females in the "minus-spermatophylax" category received 

no spermatophore nutrients from the male, they presumably received the same 
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amount of ejaculate as females in the "plus spermatophylax" category. 

Following mating, females were returned to their individual cages and were 

provided with a block of polyurethane foam each (measuring approx. 5cm x 5cm x 

5cm) in which to lay eggs. Females were maintained on the same diet (normal or 

restricted diet) after mating as before mating. On each week following mating over a 

period of 4 weeks, the block of polyurethane foam from each female was removed 

and replaced with another. For each female, the number of eggs produced in each 

week following mating were recorded for a period of four weeks and a random 

sample of 12 eggs from each week were weighed to the nearest O.Olmg on a Cahn 

25 electrobalance. 

The effects of spermatophylax feeding and diet on the number of eggs laid over the 

four-week period and on mean egg weight were determined by 2-way analysis of 

variance, with spermatophylax feeding (Plus or minus-spermatophylax) and diet 

(normal or restricted diets) as the main factors and female pronotum length as a co­

variate. 

8.2.2 Experiment 2: the effect of spermatophylax consumption and 

double-mating on female fecundity in L. punctatissima. 

In the experiments presented in chapter seven, it was found that doubly-mated 

female L.punctatissima laid significantly more eggs over a 4 week period than 

singly-mated females. This difference could be due either to the effects of the extra 

spermatophylax material consumed by doubly-mated females or to the effects of the 

extra ejaculate received by these females (substances in the ejaculate which stimulate 

oviposition have been documented in a number of insects, see reviews of Leopold 
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1976; Chen 1984; chapter 1, section 1.1.2.c). Here, I attempt to examine separately 

the effects of the receipt of an extra ejaculate and the effects of the consumption of 

extra spermatophylax material on egg number and egg weight in L.punctatissima. 

The design of this experiment is a two-way analysis of variance, with 

spermatophylax feeding (plus or minus-spermatophylax) and number of matings 

(single or double matings) as the main factors. 

The origin and maintenance in captivity of the L.punctatissima stocks used in this 

experiment are outlined in chapter 5. All females were mated at about ten days 

following the final moult. Individual females were placed in black nylon mesh 

observation cages (measuring approx. 10cm X 10cm XI0cm), each containing a 

stridulating male, and were observed until mating had taken place. Females were 

then assigned at random to one of four experimental categories: 

1) Single mating, plus spennatophylax: females were allowed a single mating and 

were left to consume the spermatophylax (n = 12 females). 

2) Single mating, minus spennatophylax: females were prevented from consuming 

the spermatophylax following mating by placing them on a short stick (approx 15cm 

long) and either blowing on them or encouraging them to move by changing the 

orientation of the stick each time they attempted to bend double to take a bite out of 

the spermatophylax (n= 12 females). At about 43 mins after spermatophore 

deposition, the entire spermatophore was removed from females in this category, 

using watchmaker's forceps. This period of time corresponds to the mean 

spermatophore attachment time which results from spermatophylax consumption (see 

chapter 5). Counts of the number of sperm remaining in the spermatophore after this 

time indicated that the "minus-spermatophylax" treatment did not interfere with the 

process of sperm transfer. 
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3) Double-mating, plus spermatopbylax: females were re-mated upon the 

termination of the first refractory period (generally less than 1 day) and were 

allowed to consume the spermatophylax in both matings (n = 12 females). 

4) Double-mating, minus spermatopbylax: females were re-mated upon the 

termination of the first refractory period and were prevented from consuming the 

spermatophylax (as in (2), above) in both matings (n= 8 females). 

After mating, females were individually housed in mesh-topped plastic canisters and 

were each provided with a sprig of Buddleia leaves and a bramble (Rubus sp) leaf in 

a water-filled vial for food. This was replaced each week. Each female was also 

provided with five disks of polythene sheet positioned under the water container, as 

a medium for oviposition. Eggs were collected from each female at weekly intervals 

from the last mating over a period of four weeks. For each female, the number of 

eggs laid in the first week and the total number of eggs laid over the four-week 

period were recorded and a sample of 12 randomly-selected eggs were weighed to 

the nearest 0.01 mg on a Cahn 25 electrobalance. 

The effects of spermatophylax feeding and the effects of double-mating on the 

dependent variables (mean egg weight, number of eggs laid in the first week, number 

of eggs laid in four weeks) were determined by two-way analysis of variance with 

spermatophylax consumption (Plus or minus- spermatophylax) and number of 

matings (single or double- mating) as the main factors. 

It should be noted that the "single-mating, plus-spermatophylax" and "double­

mating, plus-spermatophylax" categories in this experiment incorporate females from 
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the sperm competition experiment presented in chapter 7, with the addition of a few 

additional replicates; these two experiments are not independent. The" single­

mating, minus- spermatophylax" and the "double-mating, minus- spermatophylax" 

treatments were performed at the same time as the above-mentioned treatments and 

used individuals from the same experimental stock and lab. generation. 

8.2.3 Experiment 3: the effect of spermatophylax consumption on 

female reproductive output in S.stali and S.asturiensis - a preliminary 

experiment. 

S.stali and S. asturiensis both produce large spermatophylaxes, contributing to a 

mean loss of 27% of male body weight at mating (chapter 3, part 1). Individuals of 

both species used in these experiments were obtained from laboratory colonies 

derived from adults collected in Spain in 1985 and 1988 by Dr. I.e.Hartley. Rearing 

conditions for both species were based on those outlined by Hartley & Dean (1974) 

for another species of ephippigerine. Shortly after becoming adult, females of both 

species were maintained on a diet of Buddleia alone (as opposed to the usual lab. 

diet for these species which includes wheat-germ and various herbs). This probably 

represents a restricted diet for these omnivorous species. The S.stali females were 

maintained on the restricted diet after mating had occurred (ie. from about ten days 

after the final moult) while the S. asturiensis were maintained on this diet from 

directly after the final moult. 

When sexually receptive, at about ten days following the final moult, individual 

females of each species were placed in mesh observation cages (measuring approx. 

IOcm x IOcm x IOcm) with individual stridulating males of the appropriate species 

and were observed until mating occurred. After mating, females were allocated to 
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one of two experimental categories: in one the female was allowed to eat the 

spermatophylax (n= 6 for S.asturiensis; n= 4 for S.stall); in the other, the 

spermatophylax was carefully cut from the sperm-ampulla directly after mating (n = 

6 for S.asturiensis; n= 4 for S.stali). Because females in which the spermatophylax 

was removed had a tendency to eat the sperm-ampulla immediately, these females 

were placed in tubes for about 6 hours which were not wide enough to allow them to 

bend double and remove the ampulla. This time roughly corresponds to the mean 

ampulla attachment time which results from spermatophylax-feeding in these species 

(see chapter 7). After this treatment, females were uniquely marked with "Humbrol" 

paint on the pronotum and were individually housed in mesh-topped plastic canisters 

which were floored with sand (approx. 5cm deep) as a medium for oviposition. 

Sprigs of six small Buddleia leaves were placed in a vial of water in each cage as a 

food source. These were changed each week. Sand from each container was sieved 

on a daily basis up until the death of each female and any eggs present were counted 

and individually weighed to the nearest 0.01 mg on a Cahn 25 electrobalance. 

One-way analysis of variance was used to examine the effect of spermatophylax 

consumption on egg weight, lifetime fecundity, the time interval between mating and 

oviposition, the rate of oviposition and female lifespan. The rate of oviposition was 

measured as the time taken to lay 33 eggs. This figure, although somewhat arbitrary, 

was chosen because it corresponds to half the mean number of ovarioles in both 

species. Means are cited + standard error. 

183 



8.3 Results. 

8.3.1 Experiment 1: the effect of spermatophylax consumption and diet 

on fecundity in L.Iaticauda. 

There was no significant difference in the mean number of days taken from the final 

moult to the onset of sexual receptivity between normal and restricted-diet females 

(mean for normal- diet females = 10.3 + 0.6 days, range 7-15 days, n= 16; mean 

for restricted-diet females = 10.3 + 0.4 days, range 9-12 days, n = 7; I-way 

ANOVA F 1,21 = 0.001, P > 0.05). While there was no difference in mean body 

weight when first adult between normal and restricted-diet females (mean body 

weight for normal-diet females = 0.33 + O.Olg, n= 8; mean body weight for 

restricted-diet females = 0.33 + 0.17g, n= 7; I-way ANOVA F
I
,13= 0.0, 

P > 0.05), females in the restricted diet category were significantly lighter than 

females in the normal diet category at the onset of sexual receptivity (mean body 

weight for restricted-diet females = 0.47 + 0.03g, n=7; mean body weight for 

normal-diet females = 0.60 + 0.03g, n= 8; I-way ANOVA F I ,13 = 8.9, p= 0.01). 

Neither diet nor spermatophylax feeding were found to have a significant effect on 

egg weight (table 8.1). Diet was, however, found to have a significant positive effect 

on egg number, while spermatophylax feeding had no significant effect. There were 

no significant interactions (table 8.1). The co-variate female pronotum length was 

found to have no significant effect on either egg weight or egg number and was 

excluded from the final analysis. 
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Table 8.1 A) Analysis of the number of eggs produced, over a 4 week period, and the weight of eggs 
(mean weight of up to 48 eggs per female) with treatments (plus or minus spermatophylax; restricted 
or normal diets) in experiment 1. 

Analysis of variance 

Number of eggs Egg weight 

Source of variation F df P F df P 

Spx. feeding 0.0 NS 0.2 NS 

Diet 43.9 <0.001 0.3 NS 

Interaction 0.08 NS 0.73 NS 

Error 27 27 

Table 8.1 B) Mean number and weight of eggs (mean weight of up to 48 eggs per female, in mg) 
laid by females in each treatment (means are cited + S. E.; numbers in brackets are the number of 
females in each treatment; spx=spermatophylax). 

Mean no. eggs Mean egg weight 

Diet +spx -spx +spx -spx 

Normal 99.9+6.3(10) 97.8+6.3(10) 2.17+0.05(10) 2.25+0.05(10) 

Restricted 48.4+8.9(5) 50.5+8.1(6) 2.19+0.07(5) 2.17+0.06(6) 



8.3.2 Experiment 2: the effect of spennatophylax consumption and 

double-mating on fecundity in L. punctatissima. 

Two-way analysis of variance revealed that number of matings (single versus 

double-mating) had a significant positive effect on the number of eggs laid by 

females in the first week following mating and on the number of eggs laid over the 

four-week period, while spermatophylax feeding (minus versus plus-spermatophylax) 

had no significant effect on these variables (table 8.2). Neither spermatophylax 

feeding nor number of matings had a significant effect on mean egg weight. There 

were no significant interactions (table 8.2). 

8.3.3 Experiment 3: the effect of spermatophylax consumption on 

female reproductive output in S.stali and S.asturiensis. 

One-way analysis of variance revealed no significant difference between plus or 

minus-spermatophylax treatments in total egg production, egg weight, days from 

mating to oviposition or time taken to lay 33 eggs either in S. stali or in S. asturiensis 

(table 8.3). There was, however, a positive effect of spermatophylax consumption 

on female lifespan from mating in S.stali, but not in S.asturiensis (table 8.3). 
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Table 8.2: A) Analysis of the number of eggs produced in the first week following mating, number of eggs in 4 weeks and the weight 
of eggs (mean weight of 12 eggs per female) with treatments (plus or minus spermatophylax; single or double mating) in experiment 2. 

Analysis of variance 

Eggs in first week 

Source of variation F df P 

Spermatophylax feeding 1.3 1 NS 

Mating 21.9 1 <0.001 

Interaction 2.5 1 NS 

Error 39 

Eggs in 4 weeks 

F df P 

0.4 1 NS 

66.1 1 <0.001 

0.01 1 NS 

29 

Egg weight 

F 

0.02 

0.04 

0.12 

df 

1 

1 

1 

27 

p 

NS 

NS 

NS 

Table 8.2: B) Mean number of eggs laid in the first week, mean number of eggs laid in 4 weeks and mean egg weight (mean weight 
of 12 eggs per female, in mg) for females in each treatment (means are cited + S.E.; numbers in brackets are the number of females 
in each treatment; spx = spermatophylax). 

No. matings 

Single 

Double 

Mean eggs in first week Mean eggs in 4 weeks 

+ spx -spx + spx -spx 

23.3+2.4(12) 22.2+2.5(11) 40.1 +6.9(8) 36.4+7.4(7) 

31.2+2.4(12) 38.0+2.9(8) 98.0+5.7(12) 93.2+8(6) 

Mean egg weight 

+spx -spx 

1.62+0.03(7) 1.61 +0.03(6) 

1.61 +0.02(12) 1.62 +0.03(6) 



Table ~.3. M.eans and analysis (analysis of variance) of the number of eggs produced, 
egg weIght, tIme to lay 33 eggs and feI?ale lifespan from mating in experiment 3 with 
treatme~ts ~females preven.ted from eat1~g the spermatophylax or not) in A) 
S. astunensls and B) S. stall (means are CIted + S. E.; numbers in brackets are the 
number of females in each treatment; spx =spermatophylax). 

Treatment means + S .E. (n) 

Variables +spx -spx F df p 

A) S.asturiensis 

Total egg number 71.5 + 11. 7(6) 50.5 +5.35(6) 2.68 1,10 NS 

Egg weight (mg) 3.28+0.09(6) 3.22+0.15(6) 0.12 1,10 NS 

Time from mating to 9.66+2.84(5) 8.67+1.74(6) 0.09 1,9 NS 
oviposition (days) 

Time to lay 33 eggs 21.2+6.11(5) 30.83+2.87(6) 2.29 1,9 NS 
(days) 

Female lifespan from 37.33+4.27(6) 38.67+ 1.48(6) 0.09 1,10 NS 
mating (days) 

B) S.stali 

Total egg number 95.25 + 15.16(4) 93.0+ 15.13(4) 0.01 1,6 NS 

Egg weight (mg) 3.90+0.18(4) 3.73 + 0 .15 ( 4 ) 0.53 1,6 NS 

Time from mating to 4.0+ 1.08(4) 5.75+2.5(4) 0.41 1,6 NS 
oviposition (days) 

Time to lay 33 eggs 7.00+2.27(4) 11.25 +5.92(4) 0.45 1,6 NS 

(days) 

Female lifespan from 45+5.49(4) 30.5 + 1.9(4) 6.23 1,6 <0.05 

mating (days) 



8.4 Discussion. 

8.4.1 The effect of spermatophylax consumption on female 

reproductive output. 

No significant difference in either the number of eggs produced or the weight of 

these eggs was found between females allowed to consume the spermatophylax and 

females prevented from doing so either in L.punctatissima or in L.laticauda, even 

when, in the case of the latter species, females were maintained on a restricted diet. 

Preliminary experiments using S.stali and S.asturiensis, both using low-quality diets, 

also failed to reveal a significant effect of spermatophylax consumption on these 

variables. It should be noted, however, that the sample sizes used in experiments 

involving the latter two species were not particularly large. It is possible that with 

larger sample sizes a significant positive effect of spermatophylax consumption on 

the dependent variables might have been found in these species. 

The spermatophylax produced by male L.punctatissima is relatively small 

(contributing to a mean loss of 5.6% of male body weight at mating, see chapter 7), 

therefore the paternal investment hypothesis would not necessarily predict a positive 

effect of spermatophylax-feeding on female reproductive output in this species (see 

Gwynne 1990a). The spermatophylaxes produced by male L.laticauda, S.stali and 

S. asturiensis, however, are all very large - often amounting to over thirty percent of 

male body weight in each species (pers. obs., see also chapter 7; chapter 2, table 2.1 

and chapter 3). The paternal investment hypothesis would therefore predict a 

positive effect of spermatophylax consumption on female reproductive output in 
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these species (see Gwynne 1990a). 

Preliminary studies of the bushcrickets Poecilimon schmidtii and Ephippiger 

ephippiger (spermatophores representing approx. 14% and 28% of male body 

weight, respectively, see chapter 2, table 2.1) have also failed to find a significant 

effect of spermatophylax-feeding on the number or weight of eggs produced (Derby 

1990, unpublished honours project), as have studies of P.veluchianus 

(spermatophore 28% of male body weight; Reinhold & Heller 1993) and Decticus 

verrucivorus (spermatophore approx. 9% of male body weight; Wedell & Arak 

1989) even when, in the latter species, females were maintained on low-quality 

diets. 

Studies of the bushcricket Requena verticalis, which produces a spermatophylax 

amounting to approx. 12.5% (Gwynne 1990b) to 19% (Gwynne 1986b) of male 

body weight, have yielded conflicting results: Gwynne et al (1984) found no effect 

of spermatophylax feeding on egg weight or number in this species when females 

were maintained on "normal" diets, while Gwynne (1988a) found a positive effect of 

spermatophylax consumption on these variables in both restricted and normal-diet 

categories. A positive effect of spermatophylax consumption on egg weight and 

number has also been found in a zaprochiline bushcricket (spermatophore about 20% 

of male body weight; Simmons 1990a; Simmons & Bailey 1990) when females were 

maintained on a relatively poor food source. Overall, however, the generality of the 

phenomenon of an increase in egg weight and\or number as a result of 

spermatophylax-feeding in bushcrickets would seem to be in doubt. 

There could, of course, be more subtle effects of spermatophylax-feeding on 

offspring fitness than an increase in egg weight. While, therefore, the failure to find 

a positive effect of spermatophylax-feeding on egg weight or number does not 
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provide support for the paternal investment hypothesis, it does not refute it. 

Furthermore, it is possible that the selective pressures responsible for the 

maintenance of the spermatophylax might differ in different species. In R. venicalis 

and the zaprochiline, for example, it appears the spermatophylax has the potential to 

function as paternal investment, in light of the positive effects of spermatophylax 

consumption on female reproductive output which have been demonstrated (Gwynne 

1984a, 1988a; Simmons 1990a; Simmons & Bailey 1990) and the fact that the 

spermatophylax-donating male appears to be likely to fertilise a significant 

proportion of the eggs which benefit from his nutrients in these species (Gwynne 

1988b; Simmons 1990a; Simmons & Gwynne 1993). It should be noted, however, 

that the spermatophylax also appears to function as a means of ensuring complete 

sperm\ejaculate transfer in these species (see Simmons & Gwynne 1991; Gwynne et 

al 1984; chapter 5; but see also Gwynne 1986b, who argues that the spermatophylax 

is larger than necessary to ensure complete sperm transfer in R. venicalis). The 

effects of spermatophylax feeding on egg weight and\or number might, therefore, be 

seen as incidental benefits to the male of the production of a spermatophylax which 

are achieved at no extra cost to the male. 

In other species of bushcricket including D. verrucivorus (wedell 1993a), Poecilimon 

veluchianus and P.affinis (Heller & Helversen 1991; Achmann et al 1992; Reinhold 

& Heller 1993), Metaplastes ornatus (Helversen & Helversen 1991) and probably 

Steropleurus stali and Leptophyes punctatissima (chapter 7) evidence suggests that a 

male is unlikely to be able to fertilise a significant proportion of the eggs which 

might benefit from his spermatophylax nutrients in light of the female re-mating 

interval, pattern of oviposition and the pattern of sperm precedence. The 

spermatophylax in these species (three of which- P.veluchianus, M.omatus and 

S.stali- produce very large spermatophylaxes, representing over 20% of male body 

weight, Heller & Helversen 1991; Helversen & Helversen 1991; Chapter 7) is 
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unlikely, therefore, to be maintained by selection for paternal investment. 

It should be noted that here, I am primarily concerned with the possible benefits, in 

terms of an increase in egg weight or number, resulting from spermatophylax 

feeding from the perspective of the male which produced the spermatophylax. 

Experiments examining the female's perspective (ie. the benefits to females of 

multiple mating in terms of receiving male-donated nutrients) might offer females a 

wider range of spermatophylaxes than the experiments in this chapter (as in Gwynne 

1984a and Gwynne 1988a) and might concentrate more on the possible benefits to a 

female from spermatophylax consumption in terms of reduced foraging activity (see 

Boggs 1990) and increased lifespan. Here, I did examine the effect of 

spermatophylax consumption on female lifespan in S.asturiensis and S.stali, when 

females were maintained on low-quality diets, and found a significant positive effect 

in S.stali. Recent studies of the crickets Gryllodes sigillatus and Gryllus veletis 

(Burpee & Sakaluk 1993), the butterfly Pieris napi (Wiklund et al 1993) and the 

beetle Callosobruchus maculatus (Fox 1993) have found that females given unlimited 

mating opportunities lived significantly longer than females given restricted mating 

opportunities (though only when females were maintained on a starvation diet in the 

case of C.maculatus). These studies propose that this difference in lifespan is due to 

the benefits accrued through the digestion of spermatophore nutrients obtained 

through multiple-mating. While an increase in female longevity through 

spermatophore consumption is clearly a benefit from the female's perspective, it is 

unlikely to constitute a benefit of spermatophore production for individual 

spermatophore-donating males in these polyandrous species. 
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8.4.2 The effect of diet on female reproductive output. 

A negative effect of a restricted diet on the number of eggs laid, but not egg weight, 

was found in L.laticauda: females maintained on a restricted diet laid, on average, 

approximately half as many eggs over a period of four weeks as females receiving a 

normal diet. A similar decrease in the number of eggs produced with a decrease in 

diet quality has been found in other bushcrickets (Gwynne 1988a; Wedell & Arak 

1989; Simmons & Gwynne 1993) and is well documented in insects in general (see 

reviews of Johansson 1964 and Engelmann 1970). In the zaprochiline bushcricket 

studied by Simmons & Gwynne (1993), the difference in fecundity between females 

maintained on high and low-quality diets appeared to be due to the fact that females 

on the low-quality diet allocated a greater proportion of the nutrients obtained from 

both the general diet and spermatophylax consumption to somatic maintenance rather 

than to reproduction (Simmons & Gwynne 1993). 

8.4.3 The effect of double-mating on female reproductive output. 

In Leptophyes punctatissima, doubly-mated females laid, on average, more than twice 

as many eggs over a four-week period than females allowed only a single mating. 

This difference appeared to be due to the extra ejaculate received by doubly-mated 

females (or to mechanical stimulation through mating itself) rather than the extra 

spermatophore material consumed by these females. An increase in fecundity as a 

result of multiple-mating is widespread in insects (Ridley 1988) and appears to occur 

equally in species in which males produce spermatophores or other "nuptial gifts" at 

mating and those in which males do not. This strongly suggests that some factor 

other than the use nutrients from the spermatophore or from other nuptial gifts is 
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responsible for the increase in fecundity in multiply mated females (although the use 

of nutrients in the ejaculate itself to increase fecundity cannot be ruled out on this 

basis). 

The proximate (ie. causal) explanation for an increase in fecundity by doubly-mated 

female insects may be that it results from the receipt of greater quantities of 

oviposition stimulants in the ejaculate. The occurrence of such substances is well 

documented in crickets (see chapter 1, section 1.1.2.c) and other insects (see reviews 

of Leopold 1976 and Chen 1984). Why it should be in the female's interests to 

respond to these substances by an increase in the number of eggs laid is another 

question. Recent studies of adders suggest that females may benefit from receiving 

more than one ejaCUlate through an increase in offspring viability resulting from 

enhanced sperm-competition in the female's reproductive tract (Masden et al 1992). 

Alternatively, females of certain species may hold back eggs until they have received 

extra ejaculates simply because they receive insufficient viable sperm per ejaculate to 

fertilise a full complement of eggs (see Masden et al 1992; Fox 1993 for reviews of 

the benefits to females of multiple-mating and the receipt of extra ejaculates). In this 

context, it may be significant to note that while an increase in fecundity as a result of 

double-mating was found in L.punctatissima, no such difference was found in 

L.laticauda (see chapter 7). While the maximum number of eggs produced by 

females of both species are similar (see chapter 7), L.laticauda males transfer about 

6 times more sperm, relative to male body weight, than L.punctatissima males (see 

chapter 5). Perhaps, then, L.punctatissima females are sperm-limited, while 

L.laticauda females are not. 

The increase in the number of eggs laid as a result of double-matings per se (as 

opposed to extra spermatophore nutrients obtained from double-mating) 

demonstrated in this study and in the comparative study of Ridley (1988) highlights 
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the importance of controlling for the amount of ejaculate transferred in studies which 

aim to examine the effect of an increase in spermatophore (or other "nuptial gift") 

nutrients on female fecundity. A number of such studies have not controlled for the 

amount of ejaculate received (or, more precisely, for the potential amount of 

oviposition-stimulants received) and have nevertheless reported positive effects of 

male nuptial-gift nutrients on female fecundity. These include studies of the 

coleopteran Melolontha melolontha (Landa 1960), the orthopterans Melanoplus 

(Riegert 1965), Chorthippus brunneus (Butlin et al 1986), Gryllodes sigillatus and 

Gryllus veletis (Burpee & Sakaluk 1993), the dipterans Drosophila pseudoobscura 

(Turner & Anderson 1983) and D.mojavensis (Markow et al 1990) and the 

lepidopterans Colias eurytheme (Rutowski et al 1987), Papilio xuthus (Watanaabe 

1988), Danaus plexippus (Oberhauser 1989) and Pieris napi (Wiklund et al 1993). 

8.5 Summary. 

The paternal investment hypothesis for the maintenance of the spermatophylax in 

bushcrickets proposes that a male benefits from the production of a spermatophylax 

through his mate using nutrients from the spermatophylax to increase the fitness 

and\or number of the male's own offspring. An increase in the weight and number 

of eggs laid as a result of spermatophylax feeding has been demonstrated in two 

species of bushcricket but has not been found in others. Here, I examine the 

difference in egg weight and number between females allowed to consume the 

spermatophylax and those prevented from doing so, with the degree of insemination 

held constant, in the bushcrickets L.laticauda, L.punctatissima, S.stali and 

S. asturiensis. Because the effects of male-derived nutrients on female fecundity are 

expected to be more pronounced when females are food-limited, experiments using 

L.laticauda were conducted on females maintained on both restricted and normal 
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diets while experiments on S.stali and S.asturiensis were conducted on females 

maintained on restricted diets only. I also further examine the difference in fecundity 

between singly and doubly mated female L.punctatissima; I attempt to examine 

separately the effects of the consumption of extra spermatophore material and the 

receipt of extra ejaculate from double matings on the number of eggs laid by 

comparing the mean fecundities of singly and doubly-mated females allowed to 

consume the spermatophore and singly and doubly-mated females prevented from 

consuming the spermatophore but receiving a full ejaculate in each case. No effect of 

spermatophylax consumption on egg weight or number was found in S.stali, 

S.asturiensis, L.punctatissima or L.laticauda, even, in the latter case, when females 

were maintained on a restricted diet. The restricted diet did, however, have a 

significant negative effect on the number of eggs laid in L.laticauda, but no effect on 

egg weight. A positive effect of spermatophylax consumption on female lifespan 

from mating was found in S.stali. The failure to find a significant positive effect of 

spermatophylax consumption on female reproductive output in the above species 

casts doubt as to the generality of the phenomenon of an increase in egg weight and 

number as a result of spermatophylax consumption in bushcrickets. While the results 

do not support the paternal investment hypothesis, they do not refute it because 

spermatophylax feeding might have more subtle effects on offspring fitness than an 

increase in egg weight. In L.punctatissima, doubly-mated females were found to lay 

over twice as many eggs over a four week period as singly-mated females. This 

difference appeared to be due to the receipt of extra ejaculate from the double 

matings as opposed to the consumption of extra spermatophore material: mating 

(single v double-mating) was found to have a significant positive effect on the 

number of eggs laid, while spermatophore feeding (plus v minus-spermatophore) 

was not. This highlights the importance of controlling for the amount of ejaculate 

received in studies which aim to examine the effects of spermatophore nutrients on 

female fecundity. 
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Conclusions. 

Data suggest that the spermatophylax originated as an adaptation to protect the 

ejaculate, functioning to prevent the female from eating the ampulla before complete 

ejaculate transfer (chapter 2 & 3; Boldyrev 1915; Gerhardt 1913, 1914; Gwynne 

1990a): the spermatophylax appears to be analogous to a range of adaptations found 

in males of the sub-order Ensifera, which may be interpreted as functioning to 

counteract the tendency of females to eat the ampulla prematurely. These adaptations 

include prolonged copulation following spermatophore transfer, feeding the female 

with glandular secretions following spermatophore transfer, post-copulatory mate­

guarding and multiple copulations with the same female (chapter 2; Boldyrev 1915; 

Alexander & Otte 1967a). The occurrence of prolonged copulation following 

spermatophore transfer appears to be associated with the total loss of the 

spermatophylax in the meconematine bushcricket Meconema and with the 

considerable reduction in spermatophylax size in the ephippigerine bushcricket 

Uromenus rugiscollis (chapter 3). This supports the hypothesis that prolonged 

copulation and the spermatophylax are analogous in function. 

The subsequent evolutionary enlargement of the spermatophylax appears to have 

accompanied the evolutionary enlargement of ejaculate volume and sperm number, 

i.e. appears to have proceeded to facilitate the transfer of larger ejaculates (chapter 

4; Wedell, in press). A comparative study of 43 species of bushcricket revealed a 

positive relationship, across taxa, between evolutionary changes in spermatophylax 

size and changes in ampulla size (i.e. ejaculate volume) and sperm number, with 

male body weight controlled for (chapter 4; see also Wedell, in press, who also 

found a positive relationship between spermatophylax mass and ampulla mass across 

taxa in an independent comparative study of bushcrickets). 
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The current function of the large spermatophylax appears to be the same as that of 

the small spermatophylax, i.e. to ensure complete sperm \ ejaculate transfer. No 

significant difference in the shape of the sperm transfer curve relative to the mean 

duration of spermatophylax consumption was found between Leptophyes 

punctatissima (small spermatophylax) and L.laticauda (large spermatophylax) or 

between L.punctatissima and Requena venicalis (medium-large spermatophylax) 

(chapter 5). Furthermore, in L.laticauda, males appear to adjust the size of the 

spermatophylax in relation to the amount of sperm or volume of ejaculate they are 

able to produce: a positive relationship was found between spermatophylax mass and 

sperm number and between spermatophylax mass and ampulla mass (i.e. ejaculate 

volume) (chapter 6). Other studies of crickets and bushcrickets have also suggested 

that the spermatophylax functions to ensure complete sperm transfer. These include 

studies of species with small spermatophylaxes (Gryllodes supplicans: Sakaluk 1984; 

Decticus verrucivorus: Wedell & Arak 1989; Wedell 1991) and those with relatively 

large spermatophylaxes (Poecilimon veluchianus: Reinhold & Heller 1993; a 

zaprochiline bushcricket: Simmons & Gwynne 1991; but see Gwynne et al 1984 and 

Gwynne 1986b, who argued that the spermatophylax of R. verticalis is larger than is 

necessary to ensure complete sperm and\or ejaculate transfer). 

The possibility that the spermatophylax additionally functions as paternal investment 

cannot however be ruled out on this basis. In order for male-donated nutrients to , , 

function as paternal investment they must 1) have a positive effect on offspring 

fitness and\or number and 2) the nutrient-donating male must stand to fertilise most 

or all of the offspring which benefit from his nutrients (see Simmons & Parker 

1989). A positive effect of spermatophylax consumption on egg weight and\or 

number has previously been documented in some species of bushcricket (in a 

zaprochiline bushcricket: Simmons 1990a; in R. venicalis: Gwynne 1984a, 1988a, 
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but see Gwynne et al 1984, who found no effect in this species) though has not been 

found in others (D. verrucivorus: Wedell & Arak 1989; Poecilimon veluchianus: 

Reinhold & Heller 1993). In this study, no effect of spermatophylax consumption on 

female reproductive output was found in L.punctatissima, L.laticauda, or 

Steropleurus, even when, in the latter two cases, females were maintained on a 

restricted diet. 

In the bushcrickets R. venicalis and a zaprochiline, the possibility appears to exist 

that the spermatophylax functions secondarily as a form of paternal investment. This 

is because the male appears to stand a good chance of fertilising a significant 

proportion of the eggs which benefit from his spermatophylax nutrients (Gwynne 

1988b; Simmons 1990a; Simmons & Gwynne 1993). However, in L.punctatissima 

and Steropleurus stali (though not in L.laticauda) it appears that the spermatophylax­

donating male is unlikely to fertilise eggs in which his nutrients might be 

incorporated, in light of the short female re-mating interval, the pattern of last-male 

sperm precedence and the pattern of oviposition. The enormous spermatophylax of 

S.stali is therefore unlikely to function as paternal investment. Recent studies suggest 

that in a number of other bushcricket species (D. verrucivorus: Wedell 1993a; 

Poecilimon veluchianus and P. affinis: Heller & Helversen 1991; Achmann et al 

1992; Reinhold & Heller 1993; Metaplastes omatus: Helversen & Helversen 1991), 

including some with very large spermatophylaxes (P.veluchianus and M.omatus), 

the spermatophylax is also unlikely to function as paternal investment, for the above 

reasons. In conclusion, while the paternal investment hypothesis lacks generality, the 

ejaculate-protection hypothesis seems to be more widely applicable and appears to 

successfully account for the origin, evolutionary enlargement and current function of 

the spermatophylax in bushcrickets. 
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Appendix 1: Collecting & Rearing Methods. 



Appendix It Collecting and Rearing Methods. 

CollectingM ethods. 

A variety of species of bushcricket were collected by Dr. J. C. Hartley, Mrs D. 

Hartley and myself from Spain in August 1990 and from France in August 1990 and 

August 1991. I collected further specimens from N. Greece in July 1991 and S.W. 

England in September 1990 and 1991. Collecting localities for each species are 

given in appendix table 1. 

The most effective collecting method in the field was simply to stalk singing males 

(which could be detected by ear or with the aid of a bat-detector) and to catch them 

with the aid of a glass vial or a plastic specimen jar. This was placed in front of the 

insect, which was then encouraged to jump into the jar. Females were located by 

careful searching in the vicinity of singing males. Another method used to locate 

bushcrickets was careful examination of vegetation, especially patches of vegetation 

caught by early-morning sunlight, in which bushcrickets are prone to bask. Species 

living in grassy habitats could often be "flushed" out of the vegetation simply by 

walking through it. Species living in trees and bushes, such as the oak bushcricket 

Meconema thalassinum were collected by "beating" - ie. by hitting the vegetation 

with a large stick in order to dislodge the insects and cause them to fall onto a white 

beating-tray held below. 

Bushcrickets were generally collected as adults. These were housed in specially 

constructed card boxes during the collecting trips. The boxes were designed to be 

stored flat when empty. The lids were fitted with black nylon mesh panels to allow 
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-Appendix table 1. Collecting localities, laboratory diets and oviposition sites for the 
different species of bushcricket studied. R = living rose leaves, J = Juncus stems, 
S= sand, Pd= between polythene disks, P= polyurethane foam, Cw= cotton wool, 
Hg = hollow grass stems, G = amongst tightly-packed grass, PI = pithy plant stems. 
Most species were collected by Dr I.C.Hartley and myself. Those species collected 
by I.C.H. alone are indicated. 

Species Diet in captivity 

Phaneropterinae 

Phaneroptera nana Ranunculus & 
Buddleia 

P./alcata " 

1]vlopsis lilvPolia " 

Barbitistes serricauda " 

Leptophyes punctatissima " 

L.laticauda " 

L. albovittata " 

L.bosci " 

Poecilimon schmidti " 

P.jonicus " 

P. veluchianus " 

P.ajJinis " 

Metaplastes ornatus " 

Polysarcus scutatus ", plus Rumex & 
Plantago 

Ovipos. 
site 

R 

" 

J 

S 

P.d.& 
C.w. 

P 

PI 

S 

" 

" 

" 

" 

" 

Collecting locality 

Seranon, Bases Alpes. 
SW France & Nr 
Couisa, French 
Pyrenees. 

Various localities 
in S & W France. 

Nr Col de ViI 
Rouge, French 
Pyrenees & Provence. 

Seranon, Bases Alpes, 
France. 

Various localities 
in England & France 

Seranon, Basses Alpes, 
France & Italian Alps. 

Nr Psarades, Verno, N 
Greece. 

Cesara, N W I tal y. 

Yugoslavia (by J.C.H). 

Psarades, Verno, 
N E Greece. 

Greece, eggs sent 
by K.Reinhold. 

" 

Nr Litohoro, Mt 
Olympus, Greece 

Col de Allios (alt. 
2250m). French Alps 



Mecopodinae 

Mecopoda elongata Buddleia S Malaysia (from a 
dealer). 

Tettigoniinae 

Tettigonia viridissima Taraxacum, Rumex, S Nr EI Serrat, 
Aglais, wheatgerm, Andorra, Pyrenees. 
grasshoppers & other 
live insects. 

T.cantans " " Cesara, NW Italy. 

Gampsocleis glabra wheat-seedlings, " Nr Vielle Fort, 
wheatgerm, grass- SE Sevennes, S France. 
hoppers. 

Decticus verrucivorus " " French Alps. 

D. albifrons " " Nr Col de ViI Rouge, 
French Pyrenees & 
Provence. 

Platycleis afjinis Wheat-seedlings, P&Cw Nr Les Sables d' 
wheatgerm, flowering I' Onne, Vendee, 
grasses. W France. 

P. albopunctata " " Buddleigh Salterton, 
S.Devon. 

P. nigrosignata " " Vourvourou, Sithonia 
Greece. 

P. tesselata " Hg&Cw Nr Tremp, Spanish 
Pyrenees. 

Metrioptera saussureiana " P&Cw East of Mont Dore, 
Massif central, France. 

M.bicolor " " Seranon, Basses Alpes, 
SE France. 

M. brachyptera " " Aylesbere common, 
Devon. 

M.roeselii " Hg Borehamwood, Herts 
& Badney Forest, 
Lincs (by D.Fox). 

Sepiana sepium " Cw Seranon, Basses Alpes, 
SE France. 



Yersinella raymondi Taraxacum, Rumex, P&Cw 
Buddleia, flowers of 
ego Taraxacum & 
Ranunculus, wheat-
germ. 

Anonconotus alpinus " S 

Antaxius pedestris " " 

A. hispanicus " " 

Pholidoptera griseoaptera " P&Cw 

Eupholidoptera spp 1 " S 

Eupholidoptera spp2 " " 

Pachytrachis " " 

Conocephalinae 

Conocephalus discolor Wheat-seedlings & P&G 
wheatgerm. 

C.dorsalis " J 

Ruspolia nitidula " G 

Meconematinae 

Cyrtaspis scutata Aphids, Drosophila Cw 

Meconema meridionale " " 

M. thalassinum " " 

Ephippigerinae 

Ephippiger ephippiger Rumex, Buddleia S 
wheatgerm, flowers 
of, eg., Taraxacum. 

Seranon, Basses Alpes, 
SE France. 

Col de Allios (alt. 
2250m), French Alps. 

Seranon, Basses Alpes, 
SE France. 

Nr Viu de Hevata, 
Spanish Pyrenees. 

Silverton, Nr Exeter, 
Devon. 

Yugoslavia (by J.C.H) 

Psarades, NE Greece. 

Yugoslavia (by J. C. H) 

Seranon, Basses Alpes, 
SE France & various 
localities in Sothem 
France. 

Buddleigh Salterton, 
S Devon. 

Various localities in 
S France. 

Landevielle, Vendee, 
W.France. 

Mercus, Ariege, French 
Pyrenees. 

Wollaton Park, 
Nottingham. 

Col de Front Froid, 
French Pyrenees. 



~. rerresrns 

E.perJoratus 

Ephippigerida taeniata 

E. saussureiana 

E.zapateri 

Baetica ustulata 

Callicrania monticola 

Steropleurus stali 

S. asturiensis 

S. andalusius 

S. manorelli 

S. catalaunicus 

S.brunneri 

S. perezi 

Uromenus rugiscollis 

Pycnogastrinae 

Pycnogaster inermis 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" & Plantago & 
Taraxacum. 

" & Ranunculus 

S 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

" 

P 

S 

Seranon, Basses Alpes, 
SE France. 

Spain (by I C. H. ) 

Nr Zahra de los Atunes, 
S Spain. 

Spanish Pyrenees 
(by IC.H.). 

Cuenca, Spain. 

Sierra Nevada (alt. 
2750m), S Spain. 

French Pyrenees 
(by IC.H) 

Sierra de Guadarrama 
(by IC.H). 

Spain (by IC.H.) 

Sierras Nr Malaga, 
S Spain. 

Sierra Nevada (alt. 
1580m), S Spain. 

Viu de Hevata, 
Spanish Pyrenees. 

Cuenca, Spain. 

Cuenca, Spain. 

Nr Chantonnay & 
Landevielle, Vendee, 
W.France. 

Sierra Nevada (alt. 
2750m), S Spain. 



viewing and ventilation. A sleeve was fitted in the back of each box to allow easy 

access. The boxes measured approx. 15cm x 23cm x 8cm when constructed. 

Different species were generally kept in separate boxes and sexes were also 

separated when space allowed. Fresh vegetation and\or live food were placed in the 

cages each day during the collecting trips. All individuals collected were brought 

back to the laboratory at Nottingham, where they were kept in a heated greenhouse 

in cages containing a suitable medium for oviposition. 

Rearing Methods. 

Treatment of eggs. 

Oviposition sites used by different species of bushcricket are fairly diverse. Some 

typically lay eggs in soil, some in dead vegetation of various kinds, while others 

have more specialised requirements and insert their eggs in the edges of living 

leaves. 

Species which lay eggs in soil were provided with a layer of sand (about 2" deep) in 

which to oviposit. Eggs could be easily sieved from this medium. Species which 

typically lay eggs in fibrous plant tissue or decaying wood would often lay eggs in 

polyurethane foam ("wet" foam for flower-arrangements) or in damp cotton wool. 

Eggs could easily be extracted from the polyurethane foam by crumbling it over a 

sieve or by crumbling it in water (the eggs sink and the foam floats). Eggs laid in 

cotton wool, on the other hand, were difficult to extract and had to be teased out 

individually. Certain species which lay eggs in leaves (ie Phaneroptera) would not 

accept alternative egg-laying sites and eggs had to be painstakingly extracted from 

the vegetation. Some species which lay eggs in plant stems (Tylopsis lilifolia and 

223 



Conocephalus dorsalis) were found to lay eggs readily in dry juncus stems. The 

collection of eggs from the pithy interior of such stems was not too difficult. Other 

stem-laying species such as Metrioptera roeselii and Platycleis tesselata would only 

oviposit in thin, hollow grass stems, which made extraction of the eggs difficult. 

Details of the oviposition media accepted in captivity by each species are given in 

appendix table 1. 

After collection, eggs were washed, dried and placed on a layer of filter paper, on 

damp cotton wool, in petri-dishes. These were then transferred to incubators held at 

the appropriate temperature. It was essential to keep the eggs damp because 

prolonged drying causes them to collapse and the embryos to die. 

Many European bushcrickets are biennial and spend about 20 months in the egg 

stage in the field (Deura & Hartley 1982; Hartley & Warne 1972; Hartley 1990). A 

number of species have both an initial diapause, which proceeds any significant 

amount of embryogenesis, and an embryonic diapause, normally at the whole­

embryo stage (at the 3/4 embryo stage in Antaxius) (Hartley & Warne 1972). 

The initial diapause is often variable and in many cases can be eliminated to some 

extent by immediate high incubation temperatures (see Deura & Hartley 1982; 

Hartley & Warne 1972; Hartley 1990). The embryonic diapause appears to be less 

easy to eliminate and is terminated only after prolonged cooling. Consequently, in 

the majority of species (especially those in the Phaneropterinae, Tettigoniinae and 

Ephippigerinae), eggs were initially incubated at 30°c for one month, followed by 

25°c for 2 months, before being moved to 8°c for at least 3 months (eggs could be 

stored at this temperature for at least 8 months) in order to complete the embryonic 

diapause. Hatching usually occurred within about 1 month of the eggs being raised 
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to 16°c, following the period of cooling. Hatching is often inhibited by higher 

temperatures (Hartley & Warne 1972). There were a number of notable exceptions 

to this pattern. For example: eggs of Meconema (Meconematinae) required 

incubation at 16°c for 1 month, followed by 10°c for 3 months, before being raised 

to 15°c, after which hatching occurred within 2 months; eggs of Ruspo/ia and 

Conocephalus (Conocephalinae) required 1-2 months at 20°c (after which time some 

occasionally hatched), followed by 1 month at 10°c (at the 112 embryo stage), before 

being raised to 20°c again, after which hatching occurred within 1-2 months; eggs of 

Mecopoda (Mecopodinae) did not require cooling at any stage and hatched after 8 

weeks at 25°c. More complete details of the incubation requirements of tettigoniid 

eggs are given in Hartley & Warne (1972) and Hartley (1990). 

Housing. 

Upon hatching, nymphs were transferred, via an aspirator, to plastic canisters 

(measuring approx 10cm x 10cm x 15cm) with black nylon mesh inserted into the 

lids for ventilation. About 20 small nymphs were generally kept per cage, though in 

carnivorous species, a maximum of about 4 were kept per cage. For both 

carnivorous and vegetarian species, fresh vegetation was provided in small water­

filled bottles or vials. This was changed about once a week (details of the feeding 

requirements of various species are given in section 2.3 below and in appendix table 

1). The mouths of the bottles were always plugged with cotton wool to prevent the 

nymphs from drowning. The vegetation provided food, a moulting platform and 

moisture for the nymphs. 

Older nymphs and adults were kept in larger cages consisting of a wooden frame (1ft 

x 1ft x 2ft), covered with black nylon gauze. These cages were designed to fit over 

2ft x 1ft seed trays. A sleeve at the front of each cage allowed easy access, without 
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the risk of nymphs escaping. Once again, fresh vegetation in pots of water were 

placed in each cage. As an alternative, the seed tray could be planted with a mixture 

of vegetation (Warne 1970; Hartley, pers.comm), particularly poa, dock (Rumex 

spp) rib wort plantain (Plantago lanceolata), groundsel (Senecio vulgaris) and 

buttercup (Ranunculus). Small nymphs and even adults could be maintained in this 

growing environment, which could last for a number of weeks if watered regularly. 

This method was valuable in the winter when fresh food-plants were often hard to 

find. 

Cages were kept in a heated greenhouse, at a daytime temperature of 20-25°c and a 

night-time temperature of not less than 15°c. Cages were positioned directly 

underneath electric strip-lights to provide a source of radiant heat and were exposed 

to a 14 hour photoperiod. One problem with keeping the bushcrickets in a 

greenhouse was that on particularly sunny days in late spring and summer, the 

greenhouse tended to overheat unless the doors and windows were left open. On 

more than one occasion, this sadly resulted in the death of a large amount of 

experimental and breeding stock. 

Feeding requirements. 

The dietary requirements of European bushcrickets are quite varied, although most 

species are omnivorous to some extent. Some bushcrickets, such as Tettigonia, 

Gampsocleis (Tettigoniinae), Meconema and Cyrtaspis (Meconematinae) are almost 

entirely predaceous. In the laboratory, these species were reared on aphids, 

Drosophila and, for the larger species such as Tettigonia viridissima, grasshoppers, 

surplus Leptophyes and caterpillars. A large number of species in the Ephippigerinae 

and Tettigoniinae are more widely omnivorous and would feed on the leaves of 
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various broad-leaved herbs (eg Rumex spp, Ranunculus spp, Plantago lanceolala) 

and flowers of a number of species such as dandelion (Taraxacum) and buttercup 

(Ranunculus). These bushcricket species were also given wheat-germ and would 

occasionally feed on both" live and dead insects when given the opportunity. Other 

species, including the tettigoniines Metrioptera and Platycieis and the conocephalines 

Conocephalus and Ruspolia, tended towards gramnivory and were reared largely on 

wheat-seedlings, grass seed heads and flowers, and wheat-germ. The 

phaneropterines and the mecopodine Mecopoda, on the other hand, appeared to be 

entirely vegetarian and could be reared well on a mixture of buttercup (Ranunculus 

spp), dock (Rumex spp) and Buddleia. Adults could be maintained on Buddleia 

alone. In fact, Buddleia proved to be useful fodder for a number of omnivorous and 

vegetarian species. Details of the food accepted by various species in captivity are 

given in appendix table 1. The dietary preferences of a large number of European 

bushcrickets, representing several subfamilies, has been described in detail by 

Ganwere & Morales Agacino (1973). Gangwere (1961) gives a more general review 

of food-selection in different bushcricket families. 

Under the conditions outlined above, newly-hatched nymphs of most species could 

be raised to maturity in about 6 weeks (apart from Mecopoda which required at least 

4 months to reach adulthood). 
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Appendix 2: table 2.1. The mating and post-mating 
behaviour of male ensiferans (from chapter 2). 



Table 2.1 The mating and post-mating behaviour of male ensiferans. PC = prolonged copulation following spermatophore transfer; SPX = spermatophylax production; 
l\1G = post-copulatory mate-guarding; MM = multiple matings with the same female; GL = feeding the female with glandular secretions; OTH = any other behaviour wl 
could be interpreted as a means of countering female tendancy to eat spermatophores before complete sperm transfer; ref = source of reference. 0 = behaviour absent; 
+ = behaviour present; ? = insufficient information. Numbers in brackets refer to references listed at the end of the table. P.o. = personal observation. See ch.2 for discus! 

Super-families, 
familes, sub­
families and 
species. 

GRYLLOIDEA 

GRYLLIDAE 

Gryllinae 

Gryllus campestris 
G. bimaculatus 
G. pennsylvanicus 
G. veletis 
G . .finnus 
G. bennudiensis 
G. assimilis 
G.rubens 
G.integer 
G. vernalis 
G·fultoni 
G. personatus 
G. vocalis 
G.annatus 

Acheta domesticus 

PC 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

o 

Post-mating "behaviour" 

SPX MG MM GL 

0 + + 0 
0 + + 0 
0 + + 0 
0 + + 0 
0 + + 0 
0 + + 0 
0 + + 0 
0 + + 0 
0 + + 0 
0 + + 0 
0 + + 0 
0 + + 0 
0 + + 0 
0 + + 0 

o + + o 

OTH ref Notes 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

o 

1,3,4 
1,2,7 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Mating behaviour is quite similar in all studied members of this genus (1). 
Copulation lasts for 30s to 1 min (1,2,3,4). The spermatophore represents about 
0.2 % of male body weight (5). Immediately upon separating from the female, the 
male turns about, antennates the female's dorsum briefly and enters into a 
distinctive post-copulatory behaviour (mate-guarding) (6). The male stands 
immobile with his antennae directed forwards, or laterally, across the female's 
back (6). If the female starts to move or attempts to eat the spermatophore, 
the male jerks forwards and antennates her until she again becomes motionless 
(6,1,7). Guarding behaviour lasts for 40 to 60 min in G.bimaculatus (7) and 75 
min in G.campestris (3). In G.bimaculatus, females who choose to remain 
with their mates remove and eat their spermatophore only when their mate 
regains sexual receptivity and resumes courtship (5). Females who leave their 
mates tend to remove the spermatophores of smaller males sooner, possibly 
reflecting post-mating mate choice (5). Males re-mate, on average, 48 min 
after a previous copUlation (2). A male may mate 2 to 3 times with the same 
female in the space of 3 hours (5,8). 

1,9,10 Copulation lasts for 30s (1,9). Following copUlation, the male is aggressive to 
other male crickets and maintains contact with the female, re-gaining her with 
a rapid searching behaviour if lost (1,9). During guarding behaviour, the male 
lays his antennae across the female's dorsum (9). The male antennates the 
female and jerks his body backwards and forwards whenever the female 
attempts to detach the spermatophore (9). During guarding, the female 
remains immobile most of the time, especially when antennated by the male 
(9). The duration of guarding behaviour is about 60 min (1,9,10). The male forms 
another spermatophore 15 to 65 min after copulation and resumes courtship. 
Sometime after this, the female rubs or chews off the old spermatophore (1,9). 



Gryllodes sigillatus 0 + + 0 0 0 1,10, Copulation lasts 2 min (11). The spermatophore bears a spermatophylax anI 
11,12, represents an average of 3.1 % (0.1 - 6 %) of male body weight (12). The 
13 female detaches the spermatophylax within 1 to 5 secs of dismounting (1,12 

The female takes an average of 40 min to finish the spermatophylax and USl 
removes the ampulla 1-7 min later (13). Post-copulatory mate guarding alsc 
in this species, though this behaviour is "less intense" than in Gryllus or 
Acheta (1). During guarding, the male faces away from the female, directin 
his cerci towards her (10). In response to female movement, the male either 
turns to antennate the female or remains in the guarding posture and perf on 
a "push-up", briefly raising his body by extending his legs (10). Females te 
to become "restless" shortly before or after finishing the spermatophylax (1( 
The male follows his mate and makes random searching movements in the 
immediate area should the female wander out of range of his antennae (10). 
Males have been observed to "head-butt" females in apparent response to 
female movements toward spermatophore eating (10). Guarding behaviour lasts 
for 32 min (10). Following copulation, males do not mate again for an average 
of 251 min (10). 

Teleogryllus commodus 0 0 + + 0 0 1 ,4, 14, Copulation lasts for 3 min (4). The spermatophore represents 0.7 % of male 
15,16 body weight (14). After copulation, the male remains close to the female and 

lays his antennae across the female's back. The male responds to female 
movements with antennal flagellation, body rocking and sometimes an 
aggressive chirp (4). Males have also been observed to "head-butt" females 
attempting to remove the spermatophore (15). Should the female wander, the 
the male persues her and re-gains antennal contact, at which point the female 
tends to quiet down (4). The mean duration of guarding is 53 min (14) to 83 min 
(4). The female eats the spermatophore within 13 min of the end of guarding (4). 
Males will re-mate 35 - 40 min following the termination of the guarding period 
(4). In a confmed space, the same pair may re-mate 3-4 times in a 12 hour 
period (16). Multiple-matings between the same pair have also been observed in 
habitat simulations (14). 

Modicogryllus conspersus 0 0 + ? 0 0 1 Copulation lasts for 3 min (1). Male post-copulatory behaviour is similar to 
that of Acheta (1). The female removes the spermatophore 30 min after 
copulation and eats it 6 min later (1). The male forms another spermatophore 
24 min after copUlation (1). Copulation was not repeated in the space of the 40 
min observation period in the one case observed (1). 

Modicogl)'l/us frontalis 0 0 ? ? 0 0 33 



Teleogryllus spp 0 + ? + 0 0 1 Copulation lasts for 4 to 4.5 min (1). Following copulation, the female rem 
and eats the spermatophylax. One pair of copulations by the same male and 
female occurred 15 min apart (1). 

Valarifictorus micado 0 0 ? ? 0 0 1 Copulation lasts 3 min (1). The male produces a new spermatophore 40 to 5 
min after copulation. It appears that the pair remain close together in an 
end-end position for a while after copulation, though the post-c0pulatory 
behaviour of the male has not been observed carefully (1). 

Valarifictorus shimba ? + ? ? ? ? 18 

Miogryllus verticalis 0 0 + + 0 0 1 Copulation lasts for 4 min (1). The male begins to stridulate after copulatiOl 
and the pair remain in an end-end position with their cerci touching. This 
position is resumed following disturbance (1). In one case, copulation was 
repeated after mate-guarding behaviour lasting for 1 hour (1). 

Discoptila fragosoi + 0 0 0 + 0 19 Copulation lasts for 15 - 90 min (19). The male retains the spermatophore, 
holding it in place during the prolonged copulatory act. The female chews at 
a secretion, produced by the male's metanotal glands, from the underside of 
the male's raised tegmina just before and during copulation (19). The male 
withdraws the empty spermatophore and eats it upon the termination of 
copulation, at which point he takes no futher notice of the female (19). 

Gryllomorpha dalmatina 0 + 0 0 0 0 20 Copulation lasts for 5 to 12 min (20). The female removes the spermatophylax 
1 min after the end of copUlation and eats it. It takes the female up to 2 hours to 
fInish the spermatophylax, at which point she removes and eats the ampulla (20). 

Gryllopsis sp 0 0 ? ? 0 0 1 Copulation lasts for less than 3 min (1). 

Nemobiinae 

Nemobius sylvestris 0 0 + + + 0 1,21, Copulation lasts for only about 1 sec (21). The male transfers two 
22,23, spermatophores to the female in two separate copulations. Following each 
24 copulation, the male exhibits mate-guarding behaviour, maintaining contact 

with the female and directing his antennae across the female's body (21). In 
some cases, the female repeatedly mounts the male and palpates the surface of 
his tegmina following copUlation (22). The fIrst spermatophore is retained for 
30-60 min prior to being removed and eaten by the female. The second 
spermatophore is 3 times the diameter of the first and is transferred 60-70 min 
after the first mating (1,21,22,23,24). 



Neonemobius cubensis + 0 + + + 0 24 In Neonemobius, Allonemobius and Eunemobius, the female mounts the mal 
N.monnonius + 0 + + + 0 24 briefly (for 0.5-2 sec in Neonemobius and Allonemobius, for 14-20 sec in 
Allonemobius ambitiosus + 0 + + + 0 24 Eunemobius), without the transfer of a spermatophore, at the beginning of e 
A.sparsalsus + 0 + + + 0 24 mating sequence (24). The male resumes courtship and forms a spermatoph< 
A.Jasciatus + 0 + + + 0 24 to 10 min later. After 20-40 min of male courtship, the female mounts for a 
Eunemobius carolinus + 0 + + + 0 24 second time and receives a spermatophore. The pair remain coupled for 20-: 
E.melodius + 0 + + + 0 25 min (24) (up to 45 min in A. Jasciatus (25», while the female feeds on a sec 

from specialised spurs situated on the male's hind tibiae. From 5-10 min 
after the end of copulation, the female removes the spermatophore by wipini 
against the substrate. She then eats it (though in some cases the male eats thi 
spermatophore). The male resumes courtship and the mating sequence is 
repeated (24,25). In A.Jasciatus, males have been observed to actively persu 
mates after the end of copulation, suggesting the presence of mate guarding -

Pteronemobius heydeni 0 0 ? ? 0 0 26 Copulation lasts for about 1 min (26). Following copulation, the female rests 
for a while before removing the spermatophore with her hind legs. Glandular 
feeding has not been observed in this species (26). 

Hygronemobius alleni 0 0 + + 0 0 24 Copulation lasts for less than 1 sec (24). The female retains the spermatophore 
for an average of 8 min (3.2-15 min) before wiping it off and eating it. The 
female takes 3.5-15 min to finish eating the spermatophore. During this time, 
the male re-Iocates the female, antennates her, then resumes courtship (24). One 
pair were observed to mate 3 times at intervals of 24 and 76 min (24). 

Bobilla victorae 0 0 + + 0 0 14 Copulation lasts for less than 1 sec (14). The spermatophore represents 0.85% 
of male body weight (14). The female eats the spermatophore 1-3 min after 
the end of copulation. The male resumes stridulation a few seconds later. He 
produces another spermatophore 4-9 min after copulation and monopolises the 
female for repeated mating. The same pair may mate up to 7 times, with an 
average of 24 min (18-37 min) between copulations. Males can produce up to 
15 spermatophores (mean= 11.5) in a period of 8 hours (14). Males guard 
females only if they attempt to leave after copulation (14). 

Brachytrupinae 

Anurogryllus arboreus + 0 0 0 0 0 1,27, Copulation lasts for 10-16 min (27,28) or 47 min (1). The male retains the 
28 spermatophore during and after copulation (1,27,28). The male calls to attract 

other females during copulation and may mate up to 3 times in a single evening 
(27). 



Eneopterinae 

Hapithus agitator + 0 + + 0 +* 29 Copulation lasts for 7-13 min (29).* The female feeds on the male's tegmini 
during copulation. The spermatophore is rubbed off, or simply falls off, she 
after copulation and is then eaten by either the male or female (29). One ma .. 
was seen to produce another spermatophore 12 min after copulation (29). T1 
pair remain together after mating and the male is aggressive toward other 
individuals (29). 

Orocharis sp 0 0 0 + 0 0 30,31 Immediately after recieving her first spermatophore, the female rubs it off aJ 
O.saltator 0 0 0 + 0 0 begins to eat it. She then re-mounts the male, who transfers a second 

spermatophore while the female is eating the first. When she has finished 
eating, the female dismounts once again and removes the second spermatophore 
which she also begins to eat. Meanwhile, the male, who has produced a third 
spermatophore, initiates yet another coupling. The entire sequence is repeated 
many times (30,31). O.saltator pairs may remain together for as long as 3.5 hours, 
during which time the male produces a continuous flow of spermatophores 
(producing up to 20). Each spermatophore contains relatively few sperm (about 
O.lx as many as are contained in a typical Hapithus spermatophore) (31). 

Trafalisca lurida ? 0 ? ? ? ? 30 The female palpates the male's metanotum, behind his raised tegmina, prior-to, 
and possibly during, copUlation. While in copulation, the female reaches round 
and eats the spermatophore (30). This sequence was observed 3 times (30). 

Oecanthinae 

Oecanthus 0 0 0 ? + 0 37 Copulation lasts from a few seconds (31) to 1 min (32). Following copulation, the 
O.pellucens 0 0 0 ? + 0 32,33 female remains astride the male and feeds on secretions from his metanotal glands. 
O.fultoni 0 0 0 ? + 0 34 Should the female dismount, the male resumes active courtship (stridulation, 
O. argentinus 0 0 0 ? + 0 1 tremulation and sometimes antennation) and solicits re-mounting by backing 
O. californicus 0 0 0 ? + 0 1 toward her. The female often responds by re-mounting and resuming feeding. 
O. quadripunctatis 0 0 0 ? + 0 1 After a total feeding duration of approximately 30 min (7.5-30 min or 12-18 
o.pini 0 0 0 ? + 0 35 min in o.pellucens (32,33); 5-20 min in O.latipennis (31), 30 min in O.fultoni (34) 
0. nigricornis 0 0 0 ? + 0 38 and up to 65 min in O.pini (35», the female dismounts, removes the spermatophore 
o.latipennis 0 0 0 ? + 0 31 within 1 min and eats it (1,31,32,33,34,35,36,37,38). In O.argentinus, a second 

spermatophore may be transferred within 70 min of the first (35). O. nigricornis 
males require 30-60 min between copUlations in order to produce another 
spermatophore (38). 



Neoxabea bipunctata 0 0 0 ? + +* 31,37 Mating behaviour resembles that of Oecanthus (37). As in Oecanthus, the ~ 
feeds from the male's metanotal glands after spermatophore transfer. Unlike 
Oecanthus, however, the male hangs upside down during mating, and after 
the spermatophore has been transferred, *the male drops his hind legs and Il 
them back and forth along the body of the mounted female. This behaviour 
continue for as long as 45 min and apparently prevents the female from 
dismounting (31,37). Eventually, the male ceases this activity and the femal, 
dismounts, whereupon she removes the spermatophore and eats it. The unus 
post-copulatory behaviour of male N. bipunctata probably decreases the 
probability that the female will end metanotal feeding before sperm transfer 
complete (31,37). 

Phalangopsinae 

Amphiacusta spp + 0 + + 0 0 1 Copulation lasts for an average of 7 min (1). The male retains the 
spermatophore throughout and removes and eats it after copUlation has ended. 
The male then resumes stridulation and re-establishes contact with the female 
A new spermatophore is formed within 5 mins and the pair mate again 24 min 
after the first copUlation (1). All insemination occurs during copUlation. The 
spermatophore tube has a large diameter and is shorter than that of other 
gryllids studied, perhaps facilitating the rapid evacuation of sperm (1). 

Phaeophilacris spectrum + 0 0 0 0 0 15,39 Copulation lasts for 30-75 min (15,39). The male retains the spermatophore during 
and after copUlation (15,39). 

Trigonidiinae 

"Undescribed spp" 0 0 ? + 0 0 40 Three to six spermatophores are transferred in a single bout of mating. The 
last spermatophore to be transferred is 45x the volume of the others, though 
all contain sperm (40). The female is known to eat the spermatophores at some 
point after their transfer (40). 

Balamara gidya 0 0 + 0 0 0 14 Copulation lasts for an average of 3 sec (14), during which a large spermatophore 
(representing 4% of male body weight) is transferred (14). Males behave 
aggressively toward their mates should they attempt to leave or to remove 
spermatophores shortly after copulation. Females generally attempt to remove 
spermatophores only after the male has ceased guarding (14). The long 
spermatophore tube appears to make it difficult for the female to remove the 
spermatophore (14). The mean duration of guarding is 11 min (8.5-16 min), 
while the mean duration of spermatophore attachment is 54 min (12-124 min). 
Males are able to copulate an average of 3 times in an eight hour period and 
and require, on average, 8 hours between successive copUlations (14). 



Cyrtoxipha columbiana 0 0 ? ? 0 ? 41 Copulation lasts for 1 sec (41). 

Mogoplistinae 

Cydoptilum antillarum 0 0 + ? 0 0 42 The male exhibits vigorous mate-guarding behaviour. The female eventually 
kicks off the spermatophore and eats it (42). 

Arachnocephalus vestitus 0 0 ? + 0 0 33 The female eats the spermatophore 4 sec-1.5 min after the end of copulation 
Pairs engage in very frequent matings (33). 

MYRMECOPHILIDAE 

Mynnecophila americana ? 0 ? ? ? ? 43 

GRYLLOTALPIDAE 

Gryllotalpinae 

Gryllotalpa gryllotalpa 0 0 ? ? 0 0 23,44, Copulation lasts for 2-3 min (44). The female does not eat the spermatophore 
45 immediately, but waits for a period of time before doing so. The empty case of 

the spermatophore is finally eaten (33). 

Neocurtilla hexadactyla + 0 ? ? 0 0 1,47 The spermatophore is transferred 1 min from the start of copulation, but the 
pair remain with their abdomens touching for over 10 mins. Following the 
disturbance of one pair, the male was observed to follow the female and resume 
the end-end position for a further 10 min, without another spermatophore being 
being transferred (47). After the first disturbance, the female of this pair was 
seen to chew at part of the spermatophore, though she ceased to do so when 
disturbed by movements of the male (47). 

Scapteriscinae 

Scapteriscus spp 0 0 ? + 0 0 48 The pair copulate briefly (for about 60 sec) (48,15). After the female has 
dismounted, the male remains stationary for 8-10 min, then resumes courtship. 
When the male begins the next courtship sequence, the female removes the 
spermatophore and may eat it. The female may mount and copulate with the same 
male several times, but once the female becomes unresponsive to the male's 
courtship attempts, the pair fight until one of them leaves the burrow system (48). 



GRYLLACRIDOIDEA 

RHAPHIDOPHORIDAE 

Rhapbidophorinae 

Tachycines asynamorus 0 + 0 0 0 0 49,33 Copulation lasts for 3-4 min (49). The female takes 1 to 1.5 hours to finish 
the spermatophylax, after which she eats the ampulla (49). 

Troglophilinae 

Troglophilus cavicola ? + ? ? ? ? 50 

Ceuthophilinae 

Ceuthophilus gracilipes +? 0 0 0 0 ? 51 "Observations indicate that copulation may be lengthy" (51). 
C.latens +? 0 0 0 0 ? 51 
C. pallidipes +? 0 0 0 0 ? 51 
C. mescalero +? 0 0 0 0 ? 51 

Dolichopodinae 

Dolichopoda euxina + 0 0 0 0 0 33 Copulation in Dolichopoda continues for 1-4 hours (56 min - 2 hours, 12 min in 
D.linderi + 0 0 0 0 0 52 D.euxina) following spermatophore transfer (33,53). After copulation, the female 
D.annae + 0 0 0 0 0 53 consumes secretions which accompany the spermatophore (53). 
D. matsakisi + 0 0 0 0 0 53 
D. petrochilos i + 0 0 0 0 0 53 
D. thasosensis + 0 0 0 0 0 53 
D.geniculata + 0 0 0 0 0 53 

Hadenoecus subterraneus + 0 0 0 0 0 54 Copulation lasts for several hours (54). There is no spermatophylax, but males 
H. cumberlandicus + 0 0 0 0 0 54 do secrete a syrupy fluid which presumably serves to help hold the 

spermatophore in place (54). The male has paired dorsolateral exsertile organs 
which act as claspers, enclosing the end of the female's abdomen. These are 
extremely important in holding the partners together (54). 



IVlacroparmnae 

Pachyramma waitomoensis 0 0 0 0 0 0 55 Copulation lasts for 2-3 min (55). After copulation, the insects sometimes 
separate, but more often, the female returns to the preliminary mating attitu 
(sitting between the hind-legs of the male, with the fore- and middle-legs of 
both insects interwoven). The female has never been observed to eat the 
spermatophore (55). She leaves it in place to dry and fall off (55). 

Gymnoplectron longipes + 0 0 0 0 0 56 Copulation lasts for about 7 hours (56). Spermatophores have not been seen 
the female (56). 

Dahiniinae 

Udeopsylla robusta 0 0 0 + 0 0 1 Males completely insert a miniature spermatophore in brief, rapidly-repeated 
copulations (1). 

GRYLLACRIDIDAE 

Gryllacris sp ? 0 ? ? ? ? 57 

STENOPELMATIDAE 

Stenopelmatinae 

Stenopelmatus intennedius 0 + 0 0 0 0 58 Copulation lasts for 5 min (58,59). A lobed spermatophore is attached to the 
S. nigrocapitatus 0 + 0 0 0 0 58 female. A good portion of the male's abdomen is emptied in this process. After 
S·fuscus 0 + 0 0 0 0 59 copulation, the female begins to eat the externally visible portions of the 

spermatophore (ie. the spermatophylax) (58,59). Females have been observed to 
attack and devour the male after mating (58,59). 

Henicinae 

Hemideina Jemortata 0 0 + 0 0 ? 60 Copulation last for 6 min in H.femorata (60) and for about 2 min in H.crassidens, 
H. crassidens 0 0 + 0 0 + 56 H. crassicruris and H. Thoracica (56). Male Hemideina aggressively defend 
H. crassicruris 0 0 + 0 0 ? 56 harems in galleries (holes in trees) against intruding males. Copulation in 
H. thoracica 0 0 + 0 0 ? 56 H.femorata occurs most often at the gallery entrance and females tend to remain 

in the gallery with males afterwards (60). A male will mate throughout the summer 
with females of his harem (56). After copulation the male may be "aggressive" 
toward the female (56). In H.femorata, the female has been observed to eat the 
spermatophore only twice in 35 copulations (60). In one case, the male failed to 
defend the gallery from an intruding male. The female immediately consumed 
the spermatophore before mating with the new male occupant (60). 



Zealandrosandrus gracilis + 0 0 0 0 0 61 Copulation lasts for over 2 hours (61). 

Deinacridinae 

Deinacrida heteracantha + 0 + + 0 0 62 The number of copulations between the same pair varies, but each lasts for 
D.fallai + 0 + + 0 0 62 hour, during which a single spermatophore is transferred (62). The 

spermatophore is then dislodged by the male's further copulation attempts. 
Throughout the whole period of continuous mating, the male and female do ·~fY 
normally separate. The male appears to be the dominant partner; the female '·1· 

appears to be passive (62). If a mating pair is disturbed, the female tends to 
wander, but the male immediately searches for her and they re-mate. The 
longest period of continuous mating observed in D. heteracantha lasted for 
9.5 hours, during which 6 spermatophores were transferred (62). The mean 
number of spermatophores transferred per mating encounter for this species is 
3 (range 1-6) (62). The mean number of spermatophores transferred per mating 
encounter in D.Jallai is 5 (range 3-8). The spermatophores are apparently never 
eaten, but, after being dislodged by the male's copulation attempts, they simply 
dry and fall off (62). 

D. connectens + 0 ? ? 0 0 63 Copulation in this species lasts for at least 35 min (63). 

Deinacrida spp + 0 ? ? 0 0 56 Mating normally occurs in the early hours of the morning and can last for hours 
into the following day (56). Small spermatophores are deposited on the subgenital 
plate of the female. These can be seen a few hours after copulation, but soon 
dissappear. Females have not been seen to eat the spermatophore (56). 

TETTIGONIOIDEA 

HAGLIDAE 

Cyphoderris sp 0 + 0 0 0 0 1 Copulation in Cyphoderris lasts for 2-7 min (an average of 3 min in 
C. strepitans 0 + 0 0 0 0 64 C.strepitans) (1,64,65). The female feeds on the male's hind-wings both before and 
C.buckelli 0 + 0 0 0 0 65 during spermatophore transfer (1). Males loose about 10% of thier body weight 

at mating, largely as a result of spermatophylax production (64). The female 
appears to eat the entire spermatophore at some point following copUlation (64). 



TETTIGONIIDAE *Note: values cited as mean ± standard error throughout. 

Tettigoniinae 

Tettigonia viridissima 0 + 0 0 0 0 P.o., The spermatophore is transferred 34 ± 11* min (range 21-56 min, n=3) fn 
36,33 start of copulation (p.o.). Copulation then continues for a further 5.7 ± 1.5 

(range 3-8 min) (p.o). The spermatophylax contributes to a mean loss of 18 
3% (range 13.4-23%, n=3) of male body weight at mating (p.o.). In two Ci 

observed, the female began to eat the spermatophylax about 50 min after the 
end of copulation and took 16 hours to finish eating it before eating the 
ampulla (p.o.). 

T.cantans 0 + 0 0 0 0 P.o., In the one case observed, copulation lasted about 30 min. The spermatophor 
33 was transferred near the end of copulation and represented 17 % of male body 

weight (p.o.). 

T.caudata 0 + 0 0 0 0 36 The spermatophore is transferred 51 min (41-60 min) from the start of 
copulation (36). Copulation ends 13 min (11-17 min) later (36). 

Gampsocleis glabra 0 + 0 0 0 0 P.o. The spermatophore is transferred 12 ± 1 min (range 10-12 min, n=3) from the 
start of copulation (p.o.). Copulation ends 1.6 ± 0.1 min (range 1.3-1.7 min) 
later (p.o.). The spermatophylax contributes to a loss of 11 ± 0.7% (range 9.1-
12.7%, n=5) of male body weight (p.o.). In the one case observed, the female 
began to eat the spermatophylax 4 min after the end of copulation and took 3 
hours, 20 min to fmish the spermatophylax before removing and eating the 
ampulla (p.o). 

Metaballus litus 0 + 0 0 0 0 66 Copulation lasts for an average of 16 or 31 min (66). The spermatophore is 
transferred a few minutes before the end of copulation and represents 24 % of 
male body weight (66). 

Decticus albifrons 0 + 0 0 0 0 P.o., In the one case observed, the spermatophore was transferred 15 min from the 
33,70 start of copulation (p.o). The spermatophore represented 13.3 % of male body 

weight (p.o.). The female detached the entire spermatophylax after the end of 
copUlation and took 2 hours, 39 min to fmish eating it before she ate the 
ampulla (p.o.). The male was seen to stridulate the following day. 



D. verrucivorus 0 + 0 0 0 0 P.o., The spermatophore is transferred 6.6 ± 1.2 min (range 5-8.9 min, n=3) ff' ~TI] 
67,69, the start of copulation (p.o.). Copulation ends 0.8 ± 0.2 min (range 0.4-1.· ;.: I. I . : .. 

33,36 min, n=3) later (p.o). The spermatophore represents 11 ± 0.7% (range 9.(: 
11.9%, n=3) (p.o) or 9.5% (5.5-14.8%) (67) or 10.5% (5.7-13%, n=7) ('i ;', 
male body weight. The female takes an average of 180 min to finish eating t I~ 
spermatophylax, after which she eats the ampulla (67). Males will mate agal i 

the day after a previous copulation (69). 

Platycleis affinis 0 + 0 0 0 0 P.o., Colpulation lasts for 8.3 ± 0.9 min (range 5.8-10 min, n=4) (p.o.). The 
33 spermatophore is transferred 7.2 ± 1 min (range 5-8.7 min, n=3) from the 

start of copulation (p.o.). Copulation ends 0.5 ± 0.2 min (range 0.1-0.8 IllJl in, 
n = 3) later (p.o.). The spermatophore represents 6.4 ± 0.4 % (range 5.2-7:; It, 
n=5) of male body weight (p.o.). 

P. albopunctata 0 + 0 0 0 0 P.o., The spermatophore is transferred 7 ± 2.3 min (range 4.7-9.2 min, n = 2) from 
45 the start of copulation (p.o.). Copulation ends 1.2 ± 0.7 min (range 0.5-1.8 

min, n=2) later (p.o.). The spermatophore represents 6.3 ± 0.5% (range 5-
8%, n=5) of male body weight (p.o.). The female detaches the spermatophylax 
about 3 min after the end of copulation and takes 40-50 min (n = 2) to finish 
eating it before consuming the ampulla (p.o.). Males resume stridulation within 
1 hour of the end of copulation. One male was observed to transfer a 
spermatophore to another female 1 hour, 41 min from the end of a previous 
mating (p.o.). 

P. tesselata 0 + 0 0 0 0 P.o. In the single case observed, the spermatophore represented 5 % of male body 
weight (p.o.). The female detached the spermatophylax after the end of 
copUlation and took 1 hour to finish eating it, after which she ate the ampulla 
(p.o.). The male began to stridulate 20 min after the end of copUlation (p.o.). 

P. nigrosignata 0 + 0 0 0 0 P.o. In the single case observed, the spermatophore was transferred 20 min from 
the start of copUlation and the pair separated 1 min later (p.o.). The 
spermatophore represented 6.4% of male body weight (p.o.). 

P. vittata 0 + 0 0 0 0 33 

Metrioptera saussuriana 0 + 0 0 0 0 P.o. The total duration of copulation is 8 ± 0.8 min (range 6.2-10 min, n=4) (p.o). 
The spermatophore is transferred 6.3 ± 0.7 min (range 5-7 min, n=3) from the 
start of copulation. Copulation ends 1 ± 0.1 min (range 0.8-1.2 min, n=3) 
later (p.o.). The spermatophore represents 8.5 ± I % (range 6-10%, n=4) of 
male body weight (p.o.). 



M.bicolor 0 + 0 0 0 0 P.o., The mean duration of copulation is 10.5 ± 2.5 min (range 8-13 min, n=2) 
23 (p.o.). The spermatophore is transferred toward the end of copulation and 

represents 10 ± 1 % (range 8.8-11.9 %, n=3) of male body weight (p.o.). 

M.brachyptera 0 + 0 0 0 0 P.o., The spermatophore is transferred 15.5 ± 2.5 min (range 13-18 min, n=2) 
33 from the start of copulation (p.o.). The pair separate 4.6 ± 0.1 min (range d 

4.7 min, n=2) later (p.o.). The spermatophore represents 11.3 ± 0.7% (ran 
10.6-12 %, n=2) of male body weight (p.o.). The female begins to eat the 
spermatophylax 1-4 min after the end of copulation and takes 138 ± 7 min 
(range 130-145 min, n=2) to finish it before eating the ampulla (p.o.). 

M.roeselii 0 + 0 0 0 0 P.o., The spermatophore is transferred 33.5 ± 5.5 min (28-39 min, n=2) from th 
33,45 start of copulation (p.o.). The pair separate 1.2 ± 0.2 min (range 1-1.3 min, 

n=2) later (p.o.). The spermatophore represents 10.5 ± 1 % (range 9.3-12.7%, 
n=3) of male body weight (p.o.). 

Sepiana sepium 0 + 0 0 0 0 P.o., Copulation lasts for 11 ± 2 min (range 9-13 min, n=2) (p.o.). The 
33 spermatophore is transferred toward the end of copulation and represents 7.5 ± 

0.6% (range 7-8.1 %, n=2) of male body weight (p.o.). 

Rhacocleis germanica 0 + 0 0 0 0 36 

Pachytrachis spp 0 + 0 0 0 0 P.o. In the single case observed, the spermatophore was transferred 12 min from the 
start of copulation and represented 9% of male body weight (p.o.). The pair 
separated 48 sec after spermatophore transfer (p.o.). The female began to eat 
the spermatophylax 7 min later and took 2 hours to consume it before eating 
the ampulla (p.o.). 

Yersinella raymondi 0 + 0 0 0 0 P.o. The spermatophore is transferred 4.1 ± 0.7 min (range 3-6 min, n=4) from 
the start of copulation and represents 7.3 ± 1 % (range 4.8-9%, n=5) of male 
body weight (p.o.). Copulation ends 1.9 ± 0.2 min (range 1.5-2.5 min, n=4) 
later (p.o.). The female takes 91 ± 6.4 min (range 80-102 min, n=3) to finish 
eating the spermatophylax and eats the ampulla 1 min later (P.o.). 



Anonconotus alpinus 0 + 0 0 0 0 P.o., This species differs from most other tettigoniids in the manner of coupling. 
70 The female does not mount the male, but instead, the male leaps onto the 

female, grasps her ovipositor or a leg with his jaws then manoeuvres his 
abdomen and tightly grips the underside of the female's abdomen with his c 
(70;p.o.). The male stridulates throughout this activity (p.o.). Copulation h 
for 7.7 ± 1 min (range 4.4-12 min, n=6). The spermatophore is transferrec 
4.6 ± 0.9 min (range 2.4-3.4 min, n=4) from the start of copulation and tl 
pair separate 2 ± 1 min (range 0.5-5 min, n=4) later (p.o.). The spermator 
represents 2 ± 0.2% (range 1.4-2.6%, n=8) of male body weight (p.o.). T 
female begins to eat the spermatophylax 1-7 min after the end of copulation 
takes 6-36 min (n=2) to fully consume it before eating the ampulla (p.o.). 
On two occasions, males were observed to transfer a spermatophore to a 
different female about 1 hour after the end of a previous mating (p.o.). 

Antaxius pedestris 0 + 0 0 0 0 P.o. In the single case observed, the spermatophore was transferred 24 min from 
the start of copulation and the pair separated 1.5 min later (P. 0). The 
spermatophore represented 16.0 % of male body weight (p.o.). 

A. hispanicus 0 + 0 0 0 0 P.o. The spermatophore is transferred 34 ± 11 min (range 18-55 min, n=3) from 
the start of copulation and represents 15.4 ± 0.8% (range 14-17 %, n=3) of 
male body weight (p.o.). The pair separate 2.3 ± 0.5 min (range 1-3 min, 
n=4) later (p.o.). In the single case observed, the female took 5 hours to 
finish eating the spermatophylax and ate the ampulla directly afterwards (p.o.). 

Pholidoptera griseoaptera 0 + 0 0 0 0 P.o., Copulation lasts for 8.7 ± 2.5 min (range 4.4-13 min, n=3) (P.o.). The 
36 spermatophore is transferred 8.8 ± 2 min (range 6.5-11 min, n=2) (P.o) or 

2-19 min, according to (36), from the start of copulation. Copulation ends 2.1 ± 
0.1 min (range 2-2.2 min, n=2) or 3-4 min, according to (36), later. The 
spermatophore represents 11. 3 ± 0.4 % (range 10 .4-12 %, n = 4) of male body 
weight (p.o.). In the one case observed, the female took 105 min to finish 
eating the spermatophylax, at which point she began to eat the ampulla, 
consuming the external "supplementary reservoirs" (see 33) first, before everting 
her genital chamber and removing and eating the remainder of the ampulla (p.o). 

P. iI/distil/eta 0 + 0 0 0 0 33 

Eupho/idoptera spp 1 0 + 0 0 0 0 P.o. In the single case observed, the spermatophore represented 13 % of male body 
weight and copulation ended 2.5 mins after spermatophore transfer (p.o.). 



Eupholidoptera spp 2 0 + 0 0 0 0 P.o. In the single case observed, copulation prior to spermatophore lasted for 46 
min (p.o.). Copulation ended 1.7 min after spermatophore transfer and the 
spermatophore represented 16.4% of male body weight (p.o.). 

Idiostatus spp 0 + 0 0 0 0 71 The spermatophore is transferred 15-45 min from the start of copulation an( 
the pair separates shortly afterwards (71). The female eats the medium-size 
spermatophylax after the end of copulation. 

Pediodectes haldemanii 0 + 0 0 0 0 72 Copulation lasts for 15-20 min (72). The female is released following 
P. nigromarginatus 0 + 0 0 0 0 72 the transfer of the spermatophore, with its medium-large spermatophylax (7: 

Anabrus simplex 0 + 0 0 0 0 73,74 Copulation lasts for about 7 min (74). The spermatophore is transferred towards 
the end of copulation and represents up to 27% (average= 20%) of male body 
weight (73). 

Decticita brevicauda +? 0 0 0 0 0 75 Copulation lasts for 2 hours (75). Males of this genus do not produce a "seminal 
mass" (ie. spermatophylax) (75). 

Saginae 

Saga ephippigera 0 0* 0 0 0 0 33,76, Copulation lasts for 4-6 min (76). *The spermatophylax is minute and vestigial (33). 
77 The male apparently leaves the female immediately after the end of copulation, 

though (33) observed 1 pair mating 3 times in 2 days. The female does not eat 
the spermatophore immediately, but apparently leaves it in place for 3-17 hours 
before eating it (33,76). 

S.natoliae 0 + +? 0 0 0 76,77, Copulation lasts for 8-15 min (76). A small-medium size spermatophylax is 
78 produced (76). After copulation, the pair stay together for 60-90 min (76,78). The 

female apparently eats the spermatophore 20-24 hours after the end of 
copulation (76). 

S. rhodiensis 0 + 0 0 0 0 76,77 Copulation lasts for 3-4 min (76). A small-medium size spermatophylax is 
is produced and the male moves away from the female shortly after 
spermatophore transfer (76). 



S. camp belli 0 + 0 0 0 0 76,77, Copulation lasts for 2.5-3 min (76). The male leaves the female shortly aftel 
79 transfer of a small-medium size spermatophylax (76). Females of this specie 

have been observed to eat the male after mating (79). 

Hemisaga denticauda ? + ? ? ? ? 80 

Pachysagella ? + ? ') ? ? 80 

Conocephalinae 

Conocephalus discolor 0 + 0 0 0 0 P.o., Copulation lasts for 19.6 ± 1.8 min (range 10.6-27 min, n= 12) (p.o.). The' . 
33,36 spermatophore is transferred 9.4 ± 1.7 min (range 6.6-14 min, n=4) from the 

start of copulation and the pair separate 10.2 ± 2 min (range 4.7-14 min, n=4) 
later (p.o.). The spermatophore represents 12.6 ± 0.5% (range 8-17%, n=21) 
of male body weight (p.o.). The spermatophylax is translucent and divided into 
two separate lobes which rest either side of the female's abdomen (33). The 
female begins to eat the spermatophylax 6 ± 3 min (range 1-16 min, n=5) after 
the end of copulation (p.o.). She detaches and eats each lobe in tum and takes 
91 ± 11 min (range 60-140 min, n=7) to finish the spermatophylax, after 
which she eats the ampulla (p.o.). Males resume stridulation 26-50 min (n=2) 
after the end of copulation (p.o.). One male was observed to transfer a 
spermatophore to another female 3.5 hours after the end of a previous 
copulation (p.o). The female refractory period was found to be 4 ± 1.2 days 
(range 2-7 days, n=5). 

C.dorsalis 0 + 0 0 0 0 P.o. Copulation lasts an average of 12 ± 2 min (range 9.8-16 min, n=3) (p.o.). 
spermatophore is transferred 3.7-14 min (n = 2) from the start of copulation and 
the pair separate 2-6 min (n=2) later (p.o.). The spermatophore represents 8.8 ± 
0.7% (range 7.3-9.7 %, n=3) of male body weight (p.o.). In the one case 
observed, the female took about 80 min to finish eating both lobes of the 
spermatophylax, at which point she ate the ampulla (p.o.). 

C. nigropleurum 0 + 0 0 0 0 81,82 The spermatophore represents an average of 10.8% of male body weight (81,82). 

Orchelimum nigripes 0 + 0 0 0 0 83 The spermatophore represents about 10 % of male body weight (83). 

o.deLicatum 0 + 0 0 0 0 80 

Atlanticus testaceus 0 + 0 0 0 0 83 The spermatophore repesents up to 17 % of male body weight (average = 10 % ) 
(83). 



Copiphora rhinoceros 0 + 0 0 0 0 84 Copulation lasts for 3.75 hours (84). The couple separate less than 1 min afiJG 
spermatophore transfer (84). The female begins to eat the large spermatophyhN 
12 min from the end of copulation (84). 

Vestria viridis ?* + 0 0 0 0 85 *Copulation lasts for 3 hours (85), though it is unclear at which point durin;~ 
this period the spermatophore is transferred. 

Ruspolia nitidula 0 0* 0 0 0 0 P.o., The mean duration of copulation is 27 ± 3 min (range 16.3-46 min, n= 10) 
33,36 (p.o.) . The spermatophore appears to be transferred about 6 min from the Sbi~:l-

of copulation (36;p.o.), although it is difficult to ascertain the precise momen.~ _ 
of spermatophore transfer, due to its small size. Copulation continues for about 
25 min according to (36) and has been observed to last as long as 2 hours (36). 
The spermatophore represents an average of 1.3 ± 0.3 % (range 0.6-2.8%, n=7) 
of male body weight (p.o.). *The spermatophylax is minute and appears to be 
vestigial (33). Unlike most other bushcrickets, the ampulla is completely 
internal in this species (33). At 2.3 ± 0.4 min (range 1-3.5 min, n=5) from the 
end of copulation, the female begins grooming activity (p.o.). She grooms the 
length of her ovipositor, her sub-genital plate and the underside of her 
abdomen (p.o.). During these grooming motions, part of the tiny spermatophylax 
is usually eaten. However, females leave the ampulla in place for an average 
of 15.8 ± 1.17 hours (range 1-29 hours, n=31) (p.o.). After this time the ampulla 
and dried remains of the spermatophylax either fall away or are removed by the 
female (33;p.o.). Males resume stridulation and will attempt to mate with nearby 
females an average of 2.4 ± 0.2 min (range 2-3 min, n=7) after the end of 
copulation (p.o.). One male was observed to transfer a spermatophore to a 
another female 80 min after a previous copulation (p.o.). The mean female 
refractory period is 3.9 ± 0.6 days (range 2-7 days, n= 10). 

Neoconocephalus ensiger 0 0* 0 0 0 0 86 Copulation lasts for 40 min (27-68 min) (86). Females do not groom their 
genital region following copulation (86). Males resume calling 10 sec to 8.5 min 
after the end of copulation. *The spermatophylax is minute (86). 

N.retusus 0 0* 0 0 0 0 87 Copulation lasts 40 min and *the spermatophylax is minute (87). 

N. nebrascensis 0 0* 0 0 0 0 88 Copulation lasts 9-23 min (88) and *a minute spermatophylax is produced (88). 
The male begins to stridulate 5-10 min after the end of copulation (88). In one 
case, a male was observed to copulate with another female only 5 mins after the 
end of the previous mating (88). 

Belocephalus sUhapfl'rOUS ? 0* ? ? ? ? 80 *The spermatophylax is minute (80). 



Microtettigoniinae 

Microtettigonia spp ? + ? ? ? ? 80 A large spermatophylax is produced (80). 

Listeroscelidinae 

Requena verticalis 0 + 0 0 0 0 89,90, The spermatophore represents an average of 12.5% (91) to 19% (89,90) of 
91 weight. The female detaches the spermatophylax shortly after the end of 

copulation and takes about 5 hours to finish eating it before eating the ampu 
The male refractory period lasts an average of2.6 days (91). 

Phlugis spp 0 + 0 0 0 0 85 Copulation lasts for 1 min (85). 

Meconematinae 

Meconema thalassinum + 0 0 0 0 0 Ch.3, The spermatophore is transferred about 1 min from the start of copulation, after 
36 which the pair remain in copulation for 17 ± 1.7 min (range 13-24 min, n=6) (ch 3 

The spermatophore lacks a spermatophylax completely and represents an average 
of only 0.59 ± 0.07% (range 0.47-0.79%, n=4) of male body weight (P.o.). 
During copulation, the unusually long cerci of the male encompass the end of the 
female's abdomen and meet on the other side (ch 3). The female eats the 
spermatophore within 1 min of the end of copulation (ch 3). 

M. meridionale + 0 0 0 0 0 Ch.3 The spermatophore is transferred 53 ± 2.8 sec (range 40-60 sec, n=6) from the 
start of copUlation (ch 3). The pair then remain in copUlation for a further 
81 ± 9 min (range 35-105 min, n=7) (ch.3). As in M.thalassinum, there is no 
spermatophylax. The spermatophore represents 1.77 ± 0.18% (range 0.98-2.49% 
n=8) of male body weight (ch 3). During copulation, the male's unusually long 
cerci wrap around the end of the female's abdomen and cross over one another 
on the other side (ch 3). The female eats the spermatophore about 1 min after the 
end of copulation (ch 3). Males were observed to resume calling (ie. "drumming") 
as little as 10 min after the end of copUlation. 

Cyrt(L~pis scutata 0 + 0 0 0 0 Ch.3 The spermatophore is transferred 143 ± 41 sec (range 92-223 sec, n=3) from the 
start of copulation (ch 3). The pair separate 91 ± 14 sec (range 70-118 sec, n = 3) 
later (ch 3). A spermatophylax is present and the spermatophore represents 
9.2 ± 0.4% (range 7.5-10.5%, n=7) of male body weight (ch 3). The female 
takes 1-2 hours to finish eating the spermatophylax, after which she eats the 
ampulla (ch 3). 



Phasmodinae 

Phasmodes ranatriformis ? + ? ? ? ? 80 A small spermatophylax is produced (80). 

Zaprochilinae 

Gen.Nov.22,sp 1. 0 + 0 0 0 0 92,93, The spermatophore is transferred 20 min from the start of copulation (92). 1 
94,95 process of spermatophore transfer takes 2.5 min and the pair separate 8.5 m 

later (92). The spermatophore represents 21 % of male body weight (93). Th 
begins to eat the spermatophylax 4 min after the end of copulation and takes 
80 min to consume it fully, after which she eats the ampulla (94). The male·· 
refractory period lasts for 5 days (95). 

Hetrodinae 

Acanthoplus bechuanus ? + 0 0 0 0 96 The female eats the large spermatophylax after the end of copulation (96). 

A. armativerntris ? + ? ? ? ? 97 A large spermatophylax is produced (97). 

A.speiseri 0 + 0 0 0 0 98,99 The spermatophore is produced over 300 min from the start of copUlation (98,99). 
The female takes 8 hours to finish eating the spermatophylax, after which she eats th 
ampulla (98,99). 

Eugaster spinulosa 0 + 0 0 0 0 100, Copulation lasts for 10-15 min (101). The spermatophore becomes visible 5 min 
101 from the start of copUlation and the pair separate 5 min later (101). The female eats 

the spermatophylax a short while after the end of copulation (101). 

E.guyoni 0 + 0 0 0 0 102 

Gymnoproctus sculpturatus +? O? 0 0 0 0 103 Copulation lasts at least 8 hours and no spermatophore is visible (103). 

Ephippigerinae 

Ephippiger terrestris 0 + 0 0 0 0 Ch.3 Copulation lasts for less than 30 min (ch 3). The spermatophore represents 
30.6 ± 0.3% (range 30.3-30.9 %, n=2) of male body weight (ch 3). 



E. ephippiger 0 + 0 0 0 0 Ch.3, Copulation lasts for 26 ± 3 min (range 18-42 min, n=9) (ch 3). The sperm 
104, becomes visible 13.6 ± 1.2 min (range 11.3-17 min, n=4) from the start 0 

70,105 copulation and the pair separate 6.1 ± 1.2 min (range 4-9.5 min, n = 4) late 
The spermatophore represents 28 ± 1 % (range 18.4-35.6%, n=20) of malt: 
weight (ch 3). The male sexual refractory period lasts for 3-5 days (104). Tl 
female generally takes 6.5-24 hours to finish eating the spermatophylax, aft~ 
which eats the ampulla (p.o.). In some cases, however, the female eats only 
of the spermatophylax and leaves the remainder to dry and fall away a day c 
later (p.o.). 

E.cruciger 0 + 0 0 0 0 104, Copulation lasts for 30 min (104). The spermatophore represents 32 % of m 
105 weight (104). 

E. perforatus 0 + 0 0 0 0 Ch.3 The spermatophore becomes visible 3.5 ± 0.3 (range 2.8-3.9 min, n=4) from 
the start of copulation and the pair separate 23.4 ± 5.8 min (range 12-30.2 min, 
n=3) later (ch 3). The spermatophore represents 20.6 ± 2.1 (range 10-26%, n=7) 
of male body weight (ch 3). In the one case observed, the female began to eat the 
spermatophylax 2 min after the end of copulation and took 3.6 hours to finish it 
before eating the ampulla (p.o). 

Ephippigerida taeniata 0 + 0 0 0 0 Ch.3 Copulation lasts for 3.0 ± 0.6 min (range 1.8-5.1 min, n=5) (ch 3). The 
spermatophore becomes visible 1.1 ± 0.3 min (range 0.6-1.5 min, n=3) from the 
start of copUlation (ch 3). Copulation ends 1.5 ± 0.4 min (range 0.7-2 min, n=3) 
later (ch 3). The spermatophore represents 28 ± 0.9 % (19.3-32.9%, n=21) of 
male body weight (ch 3). Females generally take Up to 24 hours to finish eating 
the spermatophylax, after which they eat the ampulla (p.o.). Occasionally, females 
only ate part of the spermatophylax and left the remainder of the spermatophore 
to dry and fall off one or two days later (p.o). 

E.zapateri 0 + 0 0 0 0 Ch.3 In the single case observed, copUlation lasted for under 30 min and the 
spermatophore represented 40.5 % of the male's body weight (ch 3). The female 
took 13.5 hours to finish eating the spermatophylax, after which she ate the 
ampulla (p.o.). 

E. saussureiana 0 + 0 0 0 0 Ch.3 In the single case observed, copUlation lasted for less than 26 min and the 
spermatophore represented 28.1 % of the male's body weight (ch 3). 

Baetica ustulata 0 + 0 0 0 0 Ch.3 In the single case observed, the spermatophore became visible 23 min from 
the start of copulation (ch 3). Copulation ended 2 min later and the spermatophore 
represented 29.1 % of the male's body weight (ch 3). 



Steropleurus stali 0 + 0 0 0 0 Ch.7 Copulation lasts for 16.6 ± 0.9 min (range 10-24 min, n= 19) (ch 7). The 
spermatophore becomes visible 13.9 ± 1 min (10-20 min, n= 10) from the : ~ II 
of copulation and the pair separate 1.7 ± 0.2 min (range 0.5-3.15 min, n= ()9 c 

later (ch 7). The spermatophore represents, on average, 27 ± 0.7% (range I: ~. 
36.7%, n=51) of male body weight (ch 7). The female begins to eat the 
spermatophylax 2.6 ± 0.5 min (range 1-5 min, n= 10) from the end of coptll ti :n 
It takes the female 7.49 ± 0.74 hours (range 2-14 hours, n=20) to finish th·~ 
spermatophylax, after which she eats the ampulla (ch 7). The male sexual 
refractory period lasts for 3 ± 0.14 days (range 2-4 days, n= 13) (ch 7). 

S. asturiensis 0 + 0 0 0 0 Ch.3 Copulation lasts for 18.7 ± 2.7 min (range 12-25 min, n=4) (ch 3). The 
spermatophore becomes visible 10-16 min (n=2) from the start of copulation 
and copUlation ends 2 min later (n=2). The spermatophore represents 27 ± La H 
(range 14.2-30.9%, n=lO) of male body weight (ch 3). 

S.brunneri 0 + 0 0 0 0 Ch.3 In the single case observed, the spermatophore became visible 0.9 min from the 
start of copulation and the pair separated 1.4 min later (ch 3). The 
spermatophore represented 30.6 % of male body weight (ch 3). The female began 
to eat the spermatophylax 2 min after the end of copulation and took 22 hours to 
fmish the spermatophylax, after which she ate the ampulla (p.o.). 

S.parezii 0 + 0 0 0 0 Ch.3 In the single case observed, the spermatophore became visible 2 min from the 
the start of copulation and the pair separated 3 min later (ch 3). The 
spermatophore represented 24.7% of male body weight (ch 3). 

S. martorelli 0 + 0 0 0 0 Ch.3 In the single case observed, the spermatophore was transferred 0.87 min from the 
start of copulation and the pair separated 2.13 min later (ch 3). The 
spermatophore represents 26.6 ± 3.3% (range 20.8-35.3%, n=3) of male body 
weight (ch 3). 

S. catalaunicus 0 + 0 0 0 0 Ch.3 In the single case observed, the spermatophore became visible 15 min from the 
start of copUlation and the pair separated 3.2 min later (ch 3). The spermatophore 
represented 40.3 % of male body weight (ch 3). 

S. andalusius 0 + 0 0 0 0 Ch.3 Copulation lasts for less than 30 min and the spermatophore represents 29 ± I % 
(range 28-30%, n=2) of male body weight (ch 3). 

Uromenus rugiscollis + + 0 0 0 0 Ch.3, The spermatophore is transferred 104 ± 8.6 (range 68-164 min, n= 10) from the 
106 start of copulation (ch 3). Copulation continues for a further 101 ± 10.2 min 

range 60-141 min, n=8) (ch 3). The spermatophore represents 11.5 ± 0.7% 
range 8.7-15.7%, n=12) of male body weight (ch 3). In the one case observed, 
the female began to eat the spermatophylax 4 min after the end of copUlation 
and took 106 min to finish it, after which she ate the ampulla (ch 3). The male 
refractory period lasts for less than 1 day (Ch 3). 



Callicrania monticola 0 + 0 0 0 0 Ch.3 The spermatophore becomes visible 26.5-30 min (n=2) from the start of 
copulation (ch 3). The pair separate 5-7 min (n=2) later and the spermatop~ 
represents 28 ± 0.7% (range 26.8-29.2%, n=3) of male body weight (ch 3 
female begins to eat the spermatophylax about 6 min after the end of copulal 
and takes 12-17 hours (n=2) to finish it, after which she eats the ampulla (p 

Platystolous pachygaster 0 + 0 0 0 0 102 

Pycnogastrinae 

Pycnogaster inermis 0 + 0 0 0 0 P.o. The spermatophore is transferred 27.2 ± 2.5 (range 24.7-29.6 min, n=2) ft 
the start of copulation (p.o.). The pair separate 4-10 (n=2) min later and the 
spermatophore represents 22.4 ± 1.5% (range 19.5-26.4%, n=4) of male body 
weight (p.o.). The female takes 5-19 hours (n=2) to finish eating the 
spermatophylax and eats the ampulla immediately afterwards (p.o.). 

Bradyporinae 

Bradyporus multituberculatus 0 + 0 0 0 0 107 Copulation lasts for 97 min (107). The spermatophore becomes visible 5-6 min befofl 
the end of copulation (107). The female eats the large spermatophylax after the end 
of copulation (107). 

Mecopodinae 

Mecopoda elongata 0 0 0 0 0 0 P.o. The total duration of copUlation is only 8 seconds (p.o.). There is no 
spermatophylax and the spermatophore represents only 0.74 ± 0.03 % (range 
0.71-0.76%, n=2) of male body weight (p.o.). In the 2 cases observed, the female 
left the spermatophore attached for about 6 hours before eating part of it. 
The remainder of the spermatophore was dropped (p.o.). 

Euthypoda acutipennis 0 + 0 0 0 0 108 After the end of copulation, the female takes 2 hours to finish eating the 
spermatophylax (108). 

Pseudophyllinae 

Zahalius apicalis ? 0 0 0 0 0 108 The female licks her genital area after the end of copulation, but invariably leaves 
the spermatophore attached for about 24 hours before eating it (108). There is no 
spermatophylax (108). 



Adenes sp ? + 0 0 0 0 108 The female eats the entire spermatophore within 30 min of the end of 
copulation (108). 

Bliastes insularis ? + 0 0 0 0 85 The spermatophylax consists of 2 separate lobes, each attached to one half 
the ampulla by a stalk (85). The female eats the spermatophylax at some poi 
after its transfer (85). 

Pterophylla beltrani + 0 0 0 0 0 109 The spermatophore is emitted 1 min from the start of copulation (109). 
copulation then continues for 24-37 min (109). There is no spermatophylax 
the female eats the spermatophore 6 min after the end of copulation (109). 

Phaneropterinae 

Phaneroptera nana 0 + 0 0 0 0 P.o., The spermatophore becomes visible 0.57 ± 0.1 min (range 0.3-0.8 min, n=4) 
33,36 from the start of copulation (p.o.). The pair sepatate 2.2 ± 0.3 min (range 

1.63-3 min, n=4) later (p.o.). The spermatophore represents 5.5 ± 0.3% (range 
3.9-7.4%, n= 12) of male body weight (p.o.). The female begins to eat the 
stalked, leaf-like spermatophylax 5.3 ± 1.5 min (range 2.5-11 min, n=5) from 
the end of copulation (p.o.). In the one case observed carefully, the female 
took 2 hours to fInish eating the spermatophylax, after which she ate the 
ampulla (p.o.). In some cases, however, the female appeared to eat only part of 
spermatophylax soon after the end of copulation and leave the rest in place for up 
to 11 hours (p.o.). One male was observed to resume stridulation 3 hours after 
the end of copulation (p.o). The female refractory period appears to be about 1 
day (p.o). 

P.falcata 0 + 0 0 0 0 P.o., The spermatophore becomes visible 1 min (n=2) from the start of copulation (p.o.) 
45 The pair separate 3.2 ± 0.9 min (range 2.3-4 min, n=2) later and the sperrnatophon 

represents 16 ± 0.8% (range 14.2-18%, n=4) of male body weight (p.o.). In the 
single case observed carefully, the female began to eat the spermatophylax 2 min 
after the end of copulation and took 5 hours to finish it, after which she ate the 
ampulla (p.o.). 

~lopsis lilljfolia 0 + 0 0 0 0 P.o., The spermatophore becomes visible 0.4 ± 0.1 min (range 0.1-0.7 min, n=7) from 
33,36 the start of copulation (p.o.). Copulation ends 1.7 ± 0.1 min (range 1.3-2.3 min 

n = 7) later and the spermatophore represents 25.7 ± 1. 8 % (range 16.7 -33.4 % , 
n= 10) of male body weight (p.o.). In the single case observed carefully, the 
female began to eat the spermatophylax 15 min after the end of copulation and 
took 10.6 hours to finish it, after which she ate the ampulla (p.o.). 



Amblycorypha parvipennis ? + 0 0 0 0 110 The spermatophore represents, on average, 12% (range 10-20%) of male be 
weight (11 0). 

A. haustacea ? + 0 0 0 0 72 

Arethaea ambulator 0 + 0 0 0 0 72 Copulation lasts for 2 min (72). 

A. grallator 0 + 0 0 0 0 72 

Polichne spp ? + 0 0 0 0 80 

Stiplonchlora marginella 0 + 0 0 0 0 85 Copulation lasts for 30 sec (85). The female eats the spermatophylax following the 
end of copulation (85). 

Ctenophlebia spp 0 + 0 0 0 0 85 Copulation is "very rapid" (85). 

Euthyrachis spp 0 + 0 0 0 0 85 Copulation lasts for a few min (85). 

Barbitistes serricauda 0 + 0 0 0 0 P.o. In the one case observed, copUlation lasted for about 4 min and the spermatophore 
represented 28.6 % of male body weight (p.o.). 

B.berengueri 0 + 0 0 0 0 111 Copulation duration etc. as in Isophya pyrenaea, see below (111). 

Metaplastes ornatus 0 + 0 0 0 0 113 Copulation consists of2 distinct phases (113). In phase 1, which lasts for 10-60 min, 
the male introduces his specialised sub-genital plate into the female's genital 
chamber and stimulates the release of stored sperm (113). In phase 2, which lasts an 
average of 2.5 min, the spermatophore is transferred (113). This represents an avera~ 
of22% (range 16-28%) of male body weight (113). The female takes several hours 
to finish eating the spermatophylax, after which she eats the ampUlla (113). 

Isophya pyrenaea 0 + 0 0 0 0 111, Copulation lasts for 1-2 min (111). The female begins to eat the large spermatophyla: 
112 a few minutes after the end of copulation (111). The female takes 3-4 hours to finish 

eating the spermatophylax, after which she eats the ampulla (111). 

I. schneideri 0 + 0 0 0 0 33 A large spermatophylax is produced (33). 



Leptophyes punctatissima 0 + 0 0 0 0 Ch.7, The mean duration of copulation is 4.2 ± 0.2 min (range 1.7-8 min, n=27) 
45 Spermatophore transfer begins 1.18 ± 0.07 min (range 0.93-1.43 min, n=) 

the start of copulation (ch. 7). The pair separate 2.1 ± 0.27 min (range 0.73 
min, n=7) later and the spermatophore represents 5.6 ± 0.26% (range 2.3-
n = 45) of male body weight (ch. 7). The female detaches the small spermato] 
and begins to eat it 11.5 ± 0.7 min (range 1.7-17 min, n=32) from the end·· 
copulation (ch.7). The female eats the ampulla directly after having finished 
the spermatophylax, 42.6 ± 1.8 min (range 22-74 min, n=37) from the en~ 
copulation (ch.7). Males resume stridulation 70 ± 4 min (range 60-91 min, 
from the end of copulation. One male was observed to transfer a spermatop1:J 
to a different female 217 min after a previous copulation (ch.7). The mean 
female refractory period is 185.4 ± 38.3 min (range 75-384 min, n=7) (ch. 

L.laticauda 0 + 0 0 0 0 Ch.7 The mean duration of copulation is 3.9 ± 0.2 min (range 2.8-5.9 min, n=20) 
(ch.7). Spermatophore transfer begins 0.88 ± 0.04 min (range 0.67-1.2 min, 
n= 16) from the start of copulation (ch.7). The pair separate 2.8 ± 0.2 min 
(range 1. 8-4.9 min, n = 18) later and the spermatophore represents 22.9 ± 0.7% 
(range 11.3-32.7 %, n=60) of male body weight (ch.7). The female begins to 
eat the large spermatophylax 2.6 ± 0.8 min (range 0.1-9 min, n= 12) from the 
end of copulation (ch.7). The female eats the ampulla directly after having 
fInished the spermatophylax, 338.3 ± 20.4 min (range 225-462 min, n= 10) after 
the end of copulation (ch.5). Males may begin "agressive song" (see 114) as little 
as 5 min after the end of copulation, but will not re-mate until at least the 
following day (ch.7). The mean female refractory period is 6.9 ± 1.0 days 
(range 1-15 days, n= 15) (ch.7). 

L. albovittata 0 + 0 0 0 0 P.o., Spermatophore transfer begins 0.42 min (n=2) from the start of copulation and 
33,112 the pair separate 1.1 ± 0.2 min (range 0.9-1.2 min, n=2) later (p.o.). The 

the spermatophore represents 8.6 ± 0.4% (range 8.2-9%, n=2) of male body 
weight (p.o.). The female takes about 2 hours to fInish the spermatophylax (112). 

L.bosci 0 + 0 0 0 0 P.o., The spermatophore is transferred about 1 min (n = 1) from the start of copulation 
36 and the pair separate about 1 min (n= 1) later (p.o). The spermatphore 

represents 7.3 ± 0.3% (range 6.5-8%, n=5) of male body weight (p.o.). 

Poecilimon jonicus 0 + 0 0 0 0 P.o. The spermatophore is transferred 0.98 ± 0.16 min (range 0.58-1.28 min, n=4) 
from the start of copulation (p.o.). The pair separate 1.0 ± 0.2 min (range 0.43-
1.33 min, n=4) later (p.o.). The spermatophore represents 10.4 ± 1.2% (range 
8-14.9%, n=5) of male body weight. In the single case observed carefully, the 
female took 4 hours to fInish the spermatophylax, after which she ate the 
ampulla (p.o.). 



P. schmidtii 0 + 0 0 0 0 P.o. Copulation lasts for 2.2 ± 0.1 min (range 1.2-3.6 min, n=25) (p.o.). The 
spermatophore becomes visible 0.85 ± 0.07 min (range 0.53-1.65 min, n= 
from the start of copulation and the pair separate 1.3 ± 0.1 min (range 0.95 
2.6 min, n= 16) later (p.o.). The spermatophore represents 14.3 ± 0.33 % 
range 7.2-19%, n=60) of male body weight (p.o.). The female begins to eal 
spermatophylax 7.6 ± 1.2 min (range 2.17-15 min, n= 12) after the end of 
copulation (p.o.). The female takes an average of 243.0 ± 18 min (range 
51-543 min, n=47) to finish the spermatophylax, after which she eats the 
ampulla (ch 6). Males have been observed to re-mate on the day following a 
previous mating (p.o). The mean female refractory period is 4.3 ± 0.8 days 
(range 1-8 days, n= 11) (p.o.). 

P. veluchianus 0 + 0 0 0 0 P.o., Copulation lasts for 2 ± 0.3 min (range 1.8-2.3 min, n=2) (p.o.). The 
115, spermatophore represents 26% of male body weight (115). The female begins to eat 
116 the large spermatophylax 13-16 min (n=2) from the end of copulation (p.o.) 

and takes about 9 hours to fInish it, after which she eats the ampulla (116). 

P. affinis 0 + 0 0 0 0 P.o., The spermatophore becomes visible 1.0 ± 0.1 min (range 0.75-1.25 min, n=5) 
115 from the start of copulation (p.o.). Copulation ends 1.35 ± 0.2 min (range 0.78-

1.8 min, n=5) later (p.o.). The spermatophore represents 16.4 ± 0.9% (range 
12.6-22.1 %, n=14) (p.o) or 15% (115) of male body weight. The female begins to 
eat the spermatophylax about 4 min (range 3-7, n=3) from the end of copulation 
and takes 205 ± 43 min (range 120-405 min, n = 6) to finish it, after which 
she eats the ampulla (P.o.). 

P.bidens 0 + 0 0 0 0 33 A medium-large spermatophylax is produced (33). 

Polys arcus scutatus 0 + 0 0 0 0 P.o. Copulation lasts for less than 10 min (p.o.). The spermatophore represents 
15.9 ± 0.5% (range 15.5-16.4%, n=2) of male body weight (p.o.). 

P. denticaudus 0 + 0 0 0 0 23 

Odontura stenoxypha 0 + 0 0 0 0 P.o. In the single case observed the spermatophore represented 20.2 % of the male's 
body weight (p.o.). 

Dichopetala emarginata + 0 0 0 0 0 72 Copulation lasts for several hours (72). There appears to be no spermatophylax 
(see 72 & 97). 
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