
on the coremata is derived (as in Utethe- 
isa) from defensive pyrrolizidine alka- 
loids sequestered in the larval food 
plants (2). The morphogenesis and pher- 
omone content of the coremata are influ- 
enced by the dietary alkaloid so  that 
females might be able to directly assess 
the alkaloid content-that is, the degree 
of chemical protectiveness-of the males 
by the size of their coremata, the phero- 
mone content, or both. However, nei- 
ther Creatonotos nor Utetheisa are 
known to form leks. 

If a similar situation occurs in E. 
acrea, females visiting leks may be able 
to assess the fitness of assembled males, 
although we never observed females to 
move from one male to  another: they 
flew straight in and mated with the first 
displaying male contacted. Unlike Crea- 
tonotos, however, E. acrea shows no 
readily discernible natural variation in 
the size of male coremata with diet, and 
the larvae feed on a wide range of garden 
and crop plants without any apparent 
deleterious dietary effects (16). 

Male leks have not been well substan- 
tiated in the Lepidoptera, especially 
moths, nor has the use of male brushes 
or coremata in long-range attractiotl. 
Furthermore, the occurrence of a dual 
system of mating, one based on female 
attraction and the other on male attrac- 
tion, in the same species (and popula- 
tion) has apparently not been reported. 
What sort of stimuli are provided by the 
coremata and by the lek as a whole, and 
what sort of selection pressures led to 
the evolution and maintenance of both 
strategies in this species is not known. 
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Ecological Correlates of Paternal Investment of 
Urates in a Tropical Cockroach 

Abstract. Females of the tropical cockroach Xestoblatta hamata feed on urates 
offered by the male after copulation. Females on nitrogen-dejcient diets ingest clnd 
transfer to their maturing oocytes tnore male-derived uric acid than do females on 
high-protein diets. In isolatedjemales, the greatest uptake of uric acid by the ovaries 
occurs during the mating stage in the reproductive cycle. IJric acid jkotn males 
contributes significantly to the female's nitrogen pool and may help shorten the time 
between mating and oviposition. In both field and laboratory experiments males 
choose high-protein foods and dietary uric acid. 

Cockroaches, unlike many terrestrial 
insects, void little uric acid (I). Instead, 
they store urates in specialized cells of 
the fat body or  secrete them into acces- 
sory glands in males of some species. In 
three subfamilies of cockroaches the 
male coats his sperm package with uric 
acid after inserting it into the female (2). 
Roth (3) suggested that uric acid might 
protect the spermatophore from being 
prematurely consumed by the female or 
by other insects, and Cornwell (4) that it 
might act like a plug to prevent females 
from mating repeatedly. Mullins and 
Keil(5) reported, however, that the sper- 
matophore-urate complex may disappear 
shortly after mating and that male uric 

acid could be recovered from mated 
Blattella gertnanica females and their 
oothecae. They found that the transfer of 
the urates was related to the nutritional 
state of the female: those on a low- 
protein diet transferred more to oothecae 
than did those on a high-protein diet. 
Mullins and Keil (5) suggested that the 
transfer of urates might represent "pa- 
ternal investment of a nitrogen resource 
from which the female and her progeny 
might benefit." 

We report a postcopulatory behavior 
in the tropical rain-forest cockroach Xes- 
toblatta hamata that supports the pater- 
nal investment proposal (6). After copu- 
lation the male raises his wings, tele- 
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scopes his abdomen, widens the genital (N = 7): 128.0 k 22.73 seconds, 4.0 + shortage or because of urate deficiency. 
chamber exposing a white urate secre- 
tion, and directs it toward the female 
(Fig. lB) ,  who ingests the secretion. This 
behavior supports the nutritional invest- 
ment hypothesis and Mullins and Keil's 
suggestion that male urates are ingested 
by the female ( B ,  gertnanica in their 
report, subfamily Blattellinae, as  is X. 
hatnata). This is one of few cockroach 
species for which sufficient ecological 
data are available (7) to  directly assess 
the significance of male dietary contribu- 
tions to  the female's nitrogen budget. 

Both the size of the male's uricose 
glands and the dietary nitrogen status of 
the female determine the duration of 

0.45 pauses, versus 76.4 i- 12.66 sec- 
onds, 2.9 + 0.40 pauses ( P  < .05, Mann- 
Whitney U test). 

Females maintained on the low-pro- 
tein diet incorporated and transferred to 
their egg cases large quantities of label, 
which had been injected into males as  
[8-14C]hypoxanthine, whether the males 
had small or large uricose glands (Table 
1). Females on a high-protein diet ac- 
quired significantly less label from males 
with large uricose glands ( t  = 3.53, P = 

.008) and consequently incorporated less 
label into their oothecae ( t  = 8.67, P = 

.003) (8). 
Transfer of uric acid into the terminal 

The latter is implicated by the following 
data: females maintained on a high-pro- 
tein diet produced egg cases containing 
significantly more uric acid than females 
on an 8 percent protein diet (7.6 t 1.01 
y M  and 4.8 t 1.00 y M  per egg case, 
corresponding to 2.58 and 1.52 percent 
of the dry weights, respectively; N = 8, 
P = .01). Two freshly deposited oothe- 
cae collected in the field yielded an aver- 
age of 7.3 y M  uric acid, suggesting that, 
in the forest, females may feed on high- 
protein foods, on uric acid, or on both. 
Yet field evidence indicates that females 
feed on nitrogen-deficient foods and 
rarely forage on uric acid (10). As in the 

feeding and the quantity of uric acid oocytes begins after the third night of an German cockroach, but unlike the Amer- 
ingested by the female. We maintained 8- to 9-day ovarian cycle; mating usually ican cockroach, X, harnata females use 
some males and females on an 8 percent occurs on the fourth night. As both the most of the food consumed before ovipo- 
casein protein diet and others on a 64 protein content (due to  uptake of blood sition for a single egg case; little nutrient 
percent casein diet; in males the result vitellogenin) and the mass of the ovaries storage occurs (11). Moreover, in the 
was small (mean ? S.E.M., 13.0 ? 1.5 increase, the percentage of nitrogen con- field, the uric acid content (ovaries and 
mg; N = 9) and large (27.4 + 1.2 mg; tent remains relatively constant (8.47 t stomachs excluded) of postoviposition 
N = 11) uricose glands, respectively, af- 0.51 percent). Yet, ovarian uric acid (uri- females did not differ from females mid- 
ter 20 days. Long, uninterrupted post- case assay) increases from 3.4 yg per way through the ovarian cycle (11.51 * 
copulatory feeding was common when milligram of dry ovary early in the cycle 4.75 y M  and 12.23 + 3.91 y M  per fe- 
the male had large stores of urates to 61.7 yg per milligram of dry ovary male, which represent 1.54 and 1.16 per- 
regardless of the nutritional condition of when ovulation begins. Hence, the per- cent of the body dry weight, respective- 
the female (pooled data for both female centage of total ovarian nitrogen attibut- ly; N = 10, P = .89) (12), and some fe- 
groups: 216.5 t 19.23 seconds, 2.3 * ed to uric acid increases from 1.0 percent males in both groups had low uric acid 
0.33 pauses; N = 11). Females deficient immediately after deposition of an egg reserves. An increase in uric acid con- 
in dietary nitrogen ( N  = 5) continued to case (day 1) to  27.7 percent in mature tent through the first 4 days of the ovari- 
palpate the male and attempted to feed oocytes. A similar pattern was observed an cycle should occur if females ingested 
after his small gland was depleted. by incorporation of labeled hypoxan- foods high in nitrogen. 
Hence, their cumulative feeding periods thine in the ovaries (9). The average male has sufficient uric 
were significantly longer than those of Females mate repeatedly throughout acid in his uricose gland to supply 
females with high dietary nitrogen their adult lives either because of sperm enough for ten egg cases, if there is no 

Table 1. Fate of labeled hypoxanthine injected Into males. Males with empty uricose glands were injected with 1 ~1 [8-'4C]hypoxanthine and 
maintained on 8 or 64 percent protein diets for 8 to 30 days. The I4C-labeled urates were traced in males, mated whole females, and in egg cases by 
the extraction and counting procedures of Mullins and Keil(5). The amount of label incorporated into the accessory gland increased with time (y 
= 6900 t- 3000~).  Only copulations occurring 20 to 25 days after injection are reported. Uricose glands of unmated males averaged 114,606 t 
19,207 dislmin per male ( N  = 7); the average for the rest of the body was 11,327 t 588 dislmin ( N  = 7) after 20 to 25 days. The relatively large vari- 
ance in the radioactivity offemales in the group on the 64 percent proteln diet with access to large uricose glands was in part due to defecation of 
uric acid shortly after ingestion. Two white fecal pellets from two females in this group contained 25,817 and 33,511 dislmin per insect. Each entry 
represents a mean, standard error of the mean, number, and coefficient of variation. Significance values are based on t-tests. 

Radioactivity (lo3 dislmln) 
-- -- 

Male Mated females Mated males 
gland 

Whole* P First ootheca P Second 
oothecat Uricose gland P Rest of body P 

Small 77.2 i 5.9 (5; 
17.2 percent)$ 

Large 7 3 . 1 2  5.0(5: 
15.2 percent) 

Small 59.3 2 10.2 (5; 
38.5 percent) 

Large 19.5 t 4.7 (5; 
54.4 percent) 

8 percent protein diet 
22.5 i 2.7 (3; 15.8 + 1.7 (2; 12.4 t_ 3.1 (5; 

20.9 percent) 15.4 percent) 56.1 percent) 
,618 ,156 

16.9 i 2.1 (4; 9.3 t 2.0 (2; 20.4 t 4.5 (5; 
24.7 percent) 29.8 percent) 49.8 percent) 

64 percent protein diet 
8.7 + 0.6 (2; 3.0 ( I )  45.4 t 7.0 (5; 
9.1 percent) 34.6 percent) 

,008 ,003 
2.5 t 0.4 (3; 88.7 t 6.0 (5; 
30.8 percent) 15.2 percent) 

8 percent versus 64 percent protein diet 
,001 <.001 

*Extracted 48 hours after copulation. +Females on the 64 percent protein diet produced only one second egg case. 
size and the percentage is the coefficient of variation. 

14.7 + 1.2 (5; 
18.8 percent) 

184 .816 
15.1 t 1.2 (5; 

17.4 percent) 

14.9 t 1.2 (5; 
18.1 percent) 

.002 ,762 
14.3 t 1.6 (5; 

25.7 percent) 

<.001 ,825 

$The number in parentheses is the sample 
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loss during transfer and uptake by the 
female (13). Since oothecal uric acid is 
related to dietary nitrogen, and if embry- 
onic uric acid increases the fitness of the 
young, females would have to forage for 
high-nitrogen foods to obtain adequate 
quantities of uric acid in the absence of 
males. 

Our data indicate that if females have 
access to uric acid after mating, the 
preovipositional period may be short- 
ened. Since delaying oviposition may 
result either in resorption of oocytes if 
essential nutrients are not available (14) 
or in remating, or both, the male should 
minimize the time between mating and 
oviposition. In B. germanica when two 
males mate with a female before she 
oviposits, mixing of the two ejaculates 
(that is, sperm competition) may occur 
(15). 

Presumably, these consequences of ni- 
trogen deficiency, short reproductive cy- 
cles, a concurrent demand by females for 
other nutrients, and the relative scarcity 
of foods high in nitrogen would select for 
male urate contribution to females. Al- 
though males have relatively low nitro- 
gen requirements, they feed on bird and 
reptilian droppings (Fig. 1C) which are 
largely uric acid. In choice experiments 
in the laboratory, males consume large 

percentages of uric acid and high-protein 
food which results in rapid enlargement 
of their uricose glands. Yet, if sexually 
receptive females are not available to 
accept the accessory secretion, accumu- 
lation of extracellular uric acid results in 
increased mortality (16). Pressures on 
the male to accumulate and void stored 
urates and his enhanced fitness when 
uric acid is successfully transferred to 
the female may have contributed to the 
evolution of a relatively protracted copu- 
lation (248.3 a 18.5 minutes; N = 9) 
(17). This period approximately corre- 
sponds to the time required for the crop 
to empty following feeding. In the forest, 
females feed on plant material starting at 
approximately 1900 hours and couple 
with males at midnight, allowing for only 
one mating per night. Hence, the male 
may be delaying the deposition of a 
spermatophore until the female's crop is 
empty and she can accommodate his 
urate secretion. 

On the basis of significant urate accu- 
mulation in aposymbiotic cockroaches, 
and mobilization of urates by cockroach- 
es deficient in nitrogen, researchers have 
implicated intracellular bacteria in the 
degradation of uric acid (18). Specialized 
cells harboring symbiotic bacteria are 
also found in the ovaries of cockroaches 

Fig. I .  (A) Copulating 
pair of Xestoblatta 
hamata perched on a 
leaf in the understory 
of a tropical rain for- 
est in Costa Rica. The 
white uricose gland 
may be seen through 
the transparent cuti- 
cle in the arched ter- 
minal abdominal seg- 
ments of the male 
(left). (B) Immediate- 
ly after separating, the 
female (right) turns 
and feeds on urates 
from the male's uri- 
cose gland. (C) Male 
X. hamata feeding on 
bird droppings on a 
leaf. Scale bars, 2 cm. 

(19) and are transferred to oocytes dur- 
ing their maturation. If, in fact, trans- 
ovarial transmission of uricolytic bacte- 
ria occurs in X. hamata (as it does in the 
other cockroach species examined thus 
far), then nitrogen and carbon may be 
gained from metabolism during embryo- 
genesis of paternally derived uric acid. 
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Serial Position Curve in Rats: Role of the Dorsal Hippocampus 

Abstract. In an eight-arm radial maze,  normal rats demonstrated good immediate 
retention for the order ofjirst items (primacy component ofserial position curve) and 
last items (recency component of serial position curve) o j  an eight-item (arm) list. In 
contrast, rats with dorsal hippocampal lesions displayed, on an immediate retention 
test, disruption of the primacy but not the recency component of the serial position 
curve. Furthermore, imposing a 10-minute delay before the retention test impaired 
all components o j  the serial position curve. These results support correspondence in 
mnemonic function of the hippocampus in animals and humans. 

The critical role of the hippocampus in 
the mediation of normal memory pro- 
cesses has been highlighted by the obser- 
vation that in human patients bilateral 
damage to the medial temporal lobe, 
including the hippocampus, produces an 
extensive and durable amnesia for new 
information. The patients characteristi- 
cally tend to forget daily events, have 
a relatively intact short-term memory 
(STM), but a deficient long-term memo- 
ry (LTM) for specific events. Especially 
relevant to our experiment are the obser- 
vations that amnesic patients with pre- 
sumed hippocampal damage display (i) 
poor memory on an immediate test for 
the first items (primacy) of a list but 
excellent memory for the last items (re- 
cency) of the list, (ii) poor memory for all 
items of the list at a delayed test ( I ) ,  and 
(iii) no apparent loss for general informa- 
tion relating to  the rules for performing a 
particular task as  long as  specific infor- 
mation is available in STM (2). 

We have observed In rats with hippo- 
campal damage a pattern of memory 
deficits that parallels the human amnesic 
syndrome. In contrast to  normal rats, 
who have good immediate memory for 
the order of presentation of the first and 
last items of a list of eight items (arms in 
a maze) and good memory only for the 
first, but not the last items, of the list a t  
delayed retention tests, rats with dorsal 
hippocampal lesions have good immedi- 
ate memory for the last, but not the first, 
items of the list, and have no memory for 
any of the items when retention tests are 
delayed. These data support the notion 
of correspondence in mnemonic function 
of the hippocampus in rats and humans 
and Iversen's hypothesis (3) that the 

correspondence was not previously ob- 
served because functionally equivalent 
tasks were not used. These data argue 
against the ideas that (i) the function of 
hippocampus is different for animals and 
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humans, (ii) the amnesic syndrome pro- 
duced by medial temporal lobe lesions is 
not due to hippocampal damage but rath- 
er is a function of damage to the tempo- 
ral stem containing input and output 
pathways of temporal cortex and amyg- 
dala (4 ) ,  and (iii) the amnesic syndrome 
is due not only t o  hippocampal damage 
but due to  a combination of hippocampal 
plus amygdaloid damage (5). 

Four male Long-Evans rats 8 to  12 
months old and weighing 360 to 480 g at 
the beginning of the experiment were 
studied. They were deprived of food t o  
80 percent of their free-feeding weight 
and allowed continuous access to water. 

An elevated radial eight-arm maze 
similar to  that described by Olton and 
Samuelson (6) was used with the addi- 
tion of a set of clear Plexiglas doors that 
allowed the investigator to  control ac- 
cess to  any arm. 

Animals were in~tially trained under 
the standard eight-arm procedure with 
all arms reinforced (6). Reinforcement 
consisted of small pieces of Froot Loops 
cereal. Once the animals were familiar 
with the apparatus and rapidly retrieved 
the food from each of the reinforced 
arms, they were switched to the serial 
list task. On each trial the animals were 
given access to the eight arms of the 
maze in a particular sequence and were 
tested 20 seconds later on their ability to  
discriminate which one of a given pair of 
arms was visited earlier in the sequence. 
The animals were first trained to a crite- 
rion of eight correct out of ten trials on a 
choice between the first and seventh arm 
in the sequence. This criterion was 
reached between 17 and 27 trials. After 
reaching criterion, each animal received 
at a 20-second delay on a random basis a 
choice (one test only) of either the first 
and second (1-2), fourth and fifth (4-9,  
or seventh and eighth (7-8) arms in the 
sequence. After 16 familiarization trials, 
each animal randomly received 12 trials 
for each 1-2, 4-5, and 7-8 position. All 
four rats displayed serial position effects, 
that is, prominent retention [better than 
chance (50 percent) performance] for 1-2 
and 7-8 choice, but no retention (chance 
performance) for 4-5 choice (Fig. 1A). 
The same animals were then given 15 
additional trials with five test trials for 
each 1-2, 4-5, and 7-8 choice but with the 

Fig. 1. (A) Serial position curve for normal 
subjects under no-delay (20-second) and delay 
(10-minute) conditions. (B) Serial position 
curve for normal and lesion states under an 
immediate retention test condition. (C) Serial 
position curve for subjects with hippocampal 
lesions under delay and no-delay conditions. I 
represents one standard error of the mean. 
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