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INTRODUCTION 

Cockroaches comprise one of the oldest groups of 

ansects, dating back 250 million years to the Carboniferous 

Period (Cornwell 1968). Cf over 3,500 extant species that 

have been described, only a handful are domestic pests. 

These species have adapted well to Man*s environments. 

Infestations of domestic cockroaches are psychologically 

distressing to most people. However, their esthetic and 

psychological damage often overshadows their medical 

.iaportance. Cockroaches have been shown to be hoth 

experimental and natural vectors of medically isportant 

viruses, bacteria, fungi, protozoans, and helswinths (Roth 

and Willis 1957, 1960). The close association between 

cockroaches and man is reason for concern about’ the 

transnmitance of pathogens to hugans. Some of the pathogens 

shown to be carried by cockroaches include the dysentery 

protozoan Entamoeba histolitica, the poliomyelitis virus, 

and several species of bacteria such as Salmonella, 

Shigella, Staphylococcus, and Streptococcus (Roth and Willis 

1957, 1960; Rueger and Olson 1969; and Alicamo and Frishman 

1980) . 

Cockroach control has primarily relied on the use of 

insecticides. Rigorous control regimes emphasizing 

insecticides have been proposed and tested for the cozplete
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eradication of cockroaches and other urban pests. Serious 

problemas have arisen from this dependency on chenical 

control. Some chemicals have been shown to be highly 

repellent to cockroaches, limiting their effectiveness in 

the field (Ebeling et al. 1966,1967). Even more 

disconcerting is the development of resistance, cross- 

resistance, and multiple resistance to several chenical 

compounds (Grayson 1966, Van den Heuvel and Cochran 1965). 

Consequently, researchers are looking toward other seans of 

control. The impact of the Integrated Pest Management 

philosophy is being felt in urban entomology as people begin 

looking for aulti-disciplinary means of controlling 

cockroach populations. However, more baSic biological, 

behavioral, and physiological work is required to provide 

the necessary foundation of information upon which future 

control programs can be built. The work presented here is an 

effort toward that end. 

The specific objectives of this research were to 

deteraine whether, and in what manner, the reproductive 

State and the density of aduit female cockroaches within a 

group might affect group formation within a harhborage and 

the dispersal of a group from a harborage. The results of 

these studies are presented in two parts, the first dealing 

with group formation and the second with dispersal.



PART I —- GROUP FORMATION 

INTRODUCTION 

The German cockroach, Blattella gerganica ({1l.), is a 

world-wide pest in urban environzeats and on ocean-going 

vessels. Pest ganagement schemes have so far relied heavily 

on pesticides, although research on alternate control 

methods is underway at VPI & SU and elsewhere. 

Unfortunately, improvement of conventional techniques and 

advances in new approaches are hampered by a lack of basic 

information on cockroach group behavior as was evident in an 

earlier experiment on genetic control (Ross et al. 1981). 

Much of the earliest work on cockroaches involved 

physiological studies or pesticide evaluations. Only within 

the past decade has there been Buch work on behavior. 

German cockroaches are gregarious animals. Therefore, 

most of the behavioral work has centered around atteagpts to 

unravel the factors involved in their gregarious nature and 

elucidate social interactions. Pettit (1940) was one of the 

first to demonstrate the effects of gregariousness on the 

growth rate of the German cockroach. He found that nyaphs in 
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groups grew faster than solitary nymphs. Chauvin (1945) 

showed the opposite, an increase in crowding decreased the 

growth rate of nymphs. However, Chauvin also found that if 

excreta were allowed to build up in the cages along with an 

increase in population density, the growth rate did 

increase. Subsequent workers have verified that nysphs 

reared together develop sooner than isolated nyaphs (Willis 

et al. 1958; Ishii and Kuwahara 1967; Izutsu et gl. 1970; 

Ishii 1971). Finally, tLedoux (1945) explained group 

formation in the German cockroach as a social phenoszenon due 

to the interattractions of thigaotaxis, positive hygrotaxis, 

and a positive chemotaxis to their own odors. 

Possible hygroreceptors were identified in the Geraan 

cockroach by Roth and Willis (1952b). Gunn and Cosway 

(1938) showed the effects of husidity and teaperature on the 

growth rate of Blatta orientalis. Gther investigators have 

studied the optiaal temperature ranges for Blattella 

germanica as well as for other species (Gunn 1933, 1934, 

1935; Gould 1941). The upper limit where German cockroaches 

stayed was 33° Celcius. The range was 21-33°C with over 67% 

remaining at teaperatures between 25°C and 30°C {Gunn 1935). 

Some Periplaneta species have been shown to aggregate at 

higher temperatures {27°C) hut separate at lower 

temperatures (15°C) (Ono and Isuji 1974). This relationship 

was not seen in Blattella germanica.
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The thigmotaxic behavior of cockroaches has been 

reported by several investigators. Berthold and Wilson 

(1967) quantified it and found that German cockroaches favor 

resting spaces of 3/16 inches high when given choices of 

1/16 inch increments from 3/16 ta 1/2 inch. They also 

confirmed the hypothesis that cockroaches prefer sites 

previously soiled hy other cockroaches. Given a choice 

between shelters 1/2 cm or 1 cam high, adult Blattella 

germanica select 1/2 cm heights (Sizano and Tsuji 1974; 

Sommer 1975b). 

The factor responsible for the chemotactic response in 

German cockroaches is an aggregation pheromone produced in 

the rectal pad cells and excreted with the feces (Ishii and 

Kuvahara 1967, 1968). This pheromone is primarily 

responsible for the aggregation of early instar German 

cockroaches and appears to be responsible for adult 

aggregations as wvell. Other species aiso produce 

aggregation pherogones, wsost notably Periplaneta americana 

(Burk and Bell 1973; Bell, et al. 1973). Aggregation 

pherogzjones do not appear to be species specific in 

cockroaches (Ishii 1970; Bell, et al. 1972). This could 

only be advantageous for species that essentially share the 

same ecological niche and require the sare habitat 

characteristics. Gnly in a few cases did nyszphs of one 

species actually avoid paper contaainated by another species
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(Both and Cohen 1973). This avoidance can also be seen 

within the same species. Beyond certain densities, 

aggregation effects of nyaphs are replaced by repulsive 

behavior. This repulsive or dispersal inducing effect was 

found to be due to oral secretions from adults {Suto and 

Kumada 1981). These clear, watery droplets are only 

produced at high densities or under stressed conditions. 

The advantages of increased density, such as increased 

developmental rates, are concomitant with certain 

disadvantages. Gersan cockroaches reared under high density 

conditions have a decreased hirth rate, greater wing and 

antennal damage, and shorter life spans (Komaiyama and Ggata 

1977) as well as a higher mortality rate (Ebeling and 

Reierson 1970). 

Another chemical stimulus in cockroaches is the sex 

pheromone produced by females. The female sex pherosone of 

the German cockroach appears to he composed of two distinct 

compounds (Nishida et al. 1975). These cogpounds are non- 

wolatile (Nishida et al. 1975) and must be detected by 

direct antennal contact (Roth and Willis 1952a; Ishii 1971, 

1972). Although produced only by females, the chemicals can 

be rubbed off on other meabers of the population. Thus, an 

adult male can be sexually stimulated by fully grown nale 

and female nyaphs as well as cther adult males if they have 

been in contact with sexually receptive adult females (Roth
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and Willis 1952a). Furthermore, the production of female sex 

attractants is cyclic and is controlled by the corpora 

allata. Production of sex pheroaone is greatest in virgin 

females, decreases sharply after mating, and ceases until 

the female is again sexually receptive (Roth i967). 

Aggregation behavior in cockroaches is clearly 

dependent on a wide variety of factors. Teaperature, 

humidity, the presence of food and water, the availability 

of suitable spaces, and the production of chemical cues are 

all important. Environgental heterogeneity and 

physiological responses contribute to the tendency of 

cockroach populations to aggregate in harborages. The 

social relationships inherent to the particular species also 

play a vital role. 

Cockroaches fall into three categories of behavior 

(Bell et al. 1979). The gost highly evolved category of 

behaviors is exemplified by dominantysubordinant displays 

involving dominance hierarchies and territoriality. A second 

and less evolved category of behaviors includes 

aggressiveness but lacks dominance hierarchies and 

territoriality. Blattella gerganica belongs in the third 

category as it is a species that has little or no agonistic 

behavior. No territoriality seems to occur and even intra- 

male fighting does not seem important to nsating fitness 

{Breed et al. 1975).
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The behavioral characteristics of German cockroaches 

Cah not be applied equally to all members of a papulation. 

Differences in behavior occur among the cogponents of a 

population. The behavioral repertoire of females often 

differs from the other social components of the population. 

Female behavior changes with respect to reproductive state 

and may even influence certain behaviors of the other 

members of a population. Female Blattella germanica 

aggregate more than adult sales (Somgser 1975b). There 

appears to be no significant difference in the level or 

frequency of agonistic encounters of males and females, yet 

females with egg cases are Bore aggressive than those 

without (Breed et al. 1975). This may be an attempt to 

protect the egg case, and therefore a form of parental care. 

The reproductive state of females say even affect their 

circadian cycle. Virgin Leucopphaea saderae females have a 

locomotor activity superimsposed on their ovarian cycle 

(Wiedengzann and Martin 1980). Five classes of circadian 

locomotor activity exist in Blattella germsanica. 

Differences occur between nales, females with oothecae, 

females without oothecae, fifth-sixth instars, and second- 

third instars (Somrzer 1975a). The behavior of female 

Nauphoeta cinerea changes according to their reproductive 

  

state (Ewing 1973). Sexually receptive females are more 

active than one day old unreceptive females. The females
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affect the behavior of the males in that territorial sales 

form dominance hierarchies in the presence of females. 

Population density has even been shown to affect the spatial 

patterns and behavioral interactions of cockroaches such as 

Byrsotria fumigata (Breed and Byers 1979). 

The extent to which female German cockroaches influence 

other members of a population is unknown. Most behavioral 

work has concentrated on developmentally and sexually 

homogenous laboratory populations. Combined components have 

usually been confined to male-female studies. The work 

reported here simulates a population as it might exist ina 

natural harborage in order to study all the components and 

their interactions. The dispersion, or spatial 

distribution, of the cockroaches within the harkorage is 

examined. This should not be confused with the dispersal, or 

emmigration, of cockroaches from a harborage.



MATERIALS AND METHODS 

fhe experizgents were conducted using glass aquaria 

measuring 32 cma x 22 ca x 21 co. Each aquarium was covered 

with a screen lid and coated with a fila of petroleua jelly 

oa the inside walls. These precautions sinimized the 

chances of escape. Four shelters, 10 cm x 4 cm x 1 cm were 

Placed side by side in each aquarius. The 4 ca x 1 cm sides 

were open. The shelters were made from black construction 

paper and served to partition each harborage into four 

homogenous areas. A small, mixed population of WPI strain 

Blattella germanica {L.) was released into each harborage. 

A base population of 4 adult females, 4 adult males, 16 

mediua-size aymphs (third to fourth instar), and 16 small 

nyaphs (first to second instar) was used. USing 4 males and 

4 females alloved then to space themselves evenly in each 

shelter if that was their nature. Throughout the 

experigent, multiples of four were used since that was the 

number of shelters available. Sixteen medium and 16 s#all 

nymphs were used since an adultznyuph ratio of 1:4 (80% 

nyaphs) is commonly observed in cockroach populations. Ono 

and Tsuji (1972) found populations in a state of equilibriua 

consisted of 80% nymphs. Ross and Wright {1977) found 

populations in apartment coaplexes ranged from 68% to 92% 

nyaphs. 

-10-
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Variations of the experizent involved using females in 

three stages of reproductive development; Females without 

oothecae, females with young, immature oothecae, and females 

with older, more mature oothecae. Two of the thirteen stages 

of oothecal development described by Tanaka (1976) were 

used. Females with oothecae in the first stage of 

embryological development and females with oothecae in the 

Ninth to tenth stages of embryological development 

represented the young and the older oothecae. The density of 

the females was also varied. Densities of 4, 8, and 16 

female cockroaches were studied. The number of males and 

nyaphs was kept constant at the densities stated above. Five 

to eight replicates of each variation were perforaed. 

Each experiment was run for two days. Food and water 

were provided for the first day while the cockroaches hbecaae 

acclimated to their environsent. The food and water were 

removed after the first day to prevent its use aS a 

harborage site. At the end of the second day, the shelters 

were sealed off to prevent further movement between them. 

The cockroaches were anesthetized with carbon dioxide and 

each shelter censused. No cockroaches were reused for any 

of the experiszents. New shelters were made for each 

experiment. Aquaria were washed thoroughly after each use. 

The statistical analysis was done with the help of Dr. 

Golde I. Holtzman of VPI & SU's Department of Statistics.
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A new application of Morisita's dispersion index was devised 

(Morisita 1959, 1962). The index gives a delta value 

between 0 and 1. A delta value of 0.25 indicates a randoa 

distribution among the four shelters. If delta is 

Significantly greater than 0.25, over-dispersion or 

aggregation occurs. If deita is significantly less than 

0.25, then under-dispersion or random dispersion occurs. 

Significance levels depend on the variability of the 

replicates and the number of observations. Thus, 0.35 may be 

Significaatly higher than 0.25 for one component of the 

population but not for another. An alpha level of less than 

0.10 was used for significance. fhe methods of calculation 

are summarized in the Appendix. A more detailed explanation 

of the statistic is being prepared for publication 

(Holtzman, Bret, and Ross, unpublished).



RESULTS 

The distribution of each component within the four 

shelters can be visualized in Figures 1 and 2. Figure 1 

Summarizes the & of each component in shelters ito 4, and 

those outside the shelters, according to female density. 

Figure 2 summarizes the same information according to female 

reproductive state. These graphs show a bimodal distribution 

between shelters 1 and 4. This bimodal distribution is 

misleading. In actuality, most cockroaches were found in 

one, not both, of the outermost shelters. The next largest 

number of cockroaches was just as often in an inner shelter 

aS in the other outer shelter. In order to eliainate the 

false bimodal distribution, and elucidate more information 

about the behavioral associations within each population, 

the shelters were re-numnbered. The shelter containing the 

most females was arbitrarily labelled nuaber 1. The shelter 

with the second most females was labelled number 2, and so 

on until number 4. The other components were then recorded 

in the appropriately re-numbered shelter. 

The new system is shown in Figures 3 aad 4. It is clear 

that most of the cockroaches were located ihn only one of the 

four shelters. Relatively few cockroaches were outside the 

four shelters, with the exception of the sgaall nymphs. Cnly 

221 to 8.7 % of the females, males, and medium nymphs were 

-—433-
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found outside the shelters. This is in contrast to 28.3 to 

36.1 % of the small nymphs. Many small nymphs aggregated 

between the shelters, in the corners of the aquaria, or 

occasionally escaped. 

Figures 3 and 4 give a general picture of within- 

harborage distribution, but they do not reveal whether the 

apparent relationships are statistically significant. A 

special dispersion statistic was used to study the 

distribution of the cockroaches among the four shelters 

(Holtzman et al. unpublished). The dispersion statistic, 

delta, provided a test of the statistical Significance of 

inter- and intra- cornponent aggregation as weil as of 

population aggregation. In addition, it revealed trends 

toward less or more intense aggregation that are especially 

important in studying the combined effects of the two 

variables -- female density and female reproductive state. 

Three reproductive states at three densities resulted in 

hine different experiments, each involving the four sex/age 

class components. Resuits were analyzed first with respect 

to female density and then reproductive state in order to 

have nusbers large enough to show statistical significance. 

In Section I, the results are examined when arranged ty the 

three densities of females. Delta values and significance 

levels for these are presented in Table 1. In Section II, 

the results of the experiment are exanined as arranged
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according to the three reproductive states of the females. 

Delta values and significance levels are in Table 2. 

Biological significance emerges only when the combined 

effects of the two variables are considered. The data, 

arranged acording to the combined effects of density and 

reproductive state, are presented in Sectioa III. These 

affect the interpretation of the data presented in Sections 

Iand II, and consequently are described in more detail. 

Delta values are given in Tables 3, 4, and 5 for populations 

coataining non-egg case bearing females, females with early 

stage egg cases, and females with late stage egg cases, 

respectively. Statistical significance cannot be shown at 

this level but behavioral patterns and trends can be seen. 

Section I ~- Female Density 

When the data were analyzed according to female 

density, regardless of reproductive state, the number of 

females in a population appears to have influenced the 

aggregation behavior of the population and its cogponents. 

With only four females present (Table 1:47), significant 

levels of aggregation occurred for the individual components 

and for the population as a whole. The males aggregated 

least and the nyuphs aggregated most. 

Doubliag the nugber of females (Table 1:8?) resulted in 

greater dispersion. The population as a whole was less 

aggregated. This was due to the dispersion of the individual



~16- 

components. Females no longer aggregated together {dg = 

0.36, p>0.10) and neither did males (dg = 0.30, p>0.10). 

However, there was an association between the two as they 

did aggregate together. Fesale-male aggregation remained 

Significant (d.,= 0.33, p<0.05) although less so than at the 

lower density {dy,= 0.44, p<0.001). The small nymphs 

continued to aggregate by theaselwes {d5 = 0.43, p<0.01). 

Medium nysphs also aggregated by theaselves (dy = 0.36, 

p<0.01). 

These trends continued as the density of females was 

increased to sixteen (Table 12169). Again, neither ferales 

nor wales aggregated agaong themselves (p>0.05). However, 

female aggregation was significant at p<0.10. Male-fenmale 

aggregation no longer occurred at this density {p>0.10). 

Saall nymphs still aggregated with each other (d., = 0.60, 

p<0.001), as did medium nyaphs ({d,, = 0.45, p<0.001). 

Inter-comgponent aggregation of medium and sgall nyaphs 

was significant at each of the female densities. Similarly, 

mediua and suwall nyaphs aggregated with the females in every 

case but one. Nedium nysgphs and females did not 

Significantly aggregate at the female density of eight 

(p>.05). However, this is significant at p<.10. 

Section II - Female Reproductive State 

Other patterns euerged when the data were summarized as 

to the reproductive state of the females, regardless of
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density (Table 2). Females did not aggregate together when 

they lacked egg cases (de = 0.25, p>0.10). Males in such 

populations were also randomly dispersed (dg = 0.35, p>0.05) 

although aggregation was significant at p<0.10. Males and 

females did not aggregate by themselves, but they did 

aggregate with each other (don = 0.31, p<0.01). Significant 

intra-cosponent aggregations were found only among small and 

medium nymphs (d, = 0.44 and dy = 0.41). 

This pattern was altered when females bearing young 

oothecae were present in the population (Table 2:8). The 

females were highly aggregated (do = 0.53, p<0.001), in 

contrast to the randogness seen among the non-gravid females 

(fable 2:A). Only the males remained randoaly dispersed 

(da = 0.32, p>0.10). The aggregation response of the nediun 

and small nymphs increased (dy, = 0.47 and dy, = 0.53). 

A further change occurred when the females of the 

population were carrying aature oothecae (Table 2:C). The 

females still aggregated together (do = 0.39, p<0.05), but 

less so than when the egg cases vere inagature. The sales 

were again randosly distributed within the harborage. This 

was stronger than in the other experiments {dz = 0.26 vs 

dg = 0.32 and dz = 0.35). Mediums and small nyaphs agaia 

aggregated by theaselves (dd, = 0.40 and d 5 = 0.49). As with 

the females, aggregation was less intense than when the 

. females carried immature egg cases.
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Inter-coaponent aggregation between small and mediun 

nyaphs was significant regardless of the female reproductive 

State. Inter-component aggregation between the nysphs and 

the females was also significant for each of the fenale 

reproductive states but was gore intense with the gravid 

females than the non-gravid females. 

Section III — Density and Reproductive State Combined 

Significant differences in aggregation were shown when 

the data were examined according to female density and 

female reproductive state (Sections I and II). Nevertheless, 

the aggregation behavior could not be attributed solely to 

one or the other factor. Indeed, when the data are 

considered with respect to possible inter-relationships 

between these variables, they suggest that the reproductive 

state of the females influences the density effects. Figure 

5 illustrates the combined effects of density and 

reproductive state. The syabols indicate the relative delta 

values. Four symbols indicate the highest aggregation, no 

symbols indicate no aggregation. fhe corresponding delta 

values for the nine combinations of density and reproductive 

state are presented in Tables 3-5. 

Population aggregation depends on the cosabined effects 

of female density and reproductive state. An inverse 

relationship between density and degree of aggregation 

occurred in populations with non-gravid females (Table 6:4A
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and Table 3). At low densities, populations with non-egg 

case bearing females (A) displayed strong aggregation 

behavior. At the higher densities, very little, if any, 

aggregation occurred. On the other hand, a direct 

relationship between density and aggregation occurred in 

populations with gravid females (Table 6:B & C and Tfakles 4 

and 5). In general, as the density of the females increased, 

the aggregation response of the population increased. only 

two exceptions to this were noted. The aggregation response 

of the rmaies did not chaage such. Secondly, aggregation 

between males and females decreased as the density of 

females bearing mature egg cases increased. Another tread 

occurred in the experiments using gcavid fesales. 

Populations with early-stage ocothecae aggregated more than 

populations with females carrying late-stage oothecae. This 

trend occurred regardless of the density of the feraies. 

These aggregation patterns of the populations are 

merely responses to under-lying relationships between and 

among the populations? cosponents. Behavioral changes in 

one or more of those cosponents are rceflected in the 

differences between the various populations. 

As already seen, populations were highly aggregated at 

low densities of non-gravid females. This was due to the 

unigue behaviors of the components of those populations 

(Table 3). The females themselves displayed a high degree
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Of aggregation {do =.44). Within the non-gravid experinents, 

this only occurred at low fezale density. At the higher 

densities, the non-gravyid females were randomly dispersed. A 

Special characteristic of this experiment was the 

aggregation of the males. In no other experiment were the 

males aggregated. Only at low densities of non-gravid 

females were males aggregated instead of heing randoaly 

distributed (dg = .50 vs. dg =.27 and dg = 2.30). Inter- 

component aggregation was also very strong at the low female 

density. Delta values for each combination of components 

were greater than or equal to .50. This was especially 

notabie for the males. In no other instances vere inter- 

component aggregations involving males this intense. 

At the highest density of non-gravid females (16:A), 

the randoau distribution of the entire population was due to 

a complete lack of aggregation in both the adult females 

(do =-24) and sales (dg =.30) and avery low level of 

aggregation aszgong the medium and small nyaphs. Even the 

inter-component aggregations were very low for each 

copbination of components as seen in Table 3 

(don =dog =dam =dgs = +28, dom =229, dus =-32)- 

Aggregation responses in populations of gravid femaies 

(B and C) were also mediated by the components (Tables 4 and 

5)- Populations were highly aggregated at the highest 

density of females with immature oothecae (16:8). The basis
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for this differs from that of the high aggregation seen in 

the low density non-gravid female populations (4:A). The 

males were not aggregated as before, but instead were 

randoaly dispersed. However, the females were highly 

aggregated (dy =.56), more so than in any other experiment. 

Likewise, the szall nymphs aggregated sore in 16258 than in 

any other experinent, as evidenced by an extrezely high 

delta value (4d, = 0.77). inter-cogsponent aggregation 

betveen medium and small nymphs and hetween ferales and 

ayaphs was also greatest in this experiment. Thus, the 

strong aggregation behavior of the population at the high 

density of females bearing immature oothecae (16:B) was 

Primarily due to the females and the nymphs while at the Low 

density of non-gravid females (4: A) it was due largely to 

the males. 

That certain cosponents exhibited different responses 

under different conditions shows that 1) females, nales, 

medium nyaphs, and small ayzsphs do not have the sane 

behavioral responses, and 2) these components of the 

population are influenced, in varying degrees, by the 

density and reproductive states of the fesales. The 

aggregation response of the females was the most varied, 

from random dispersion to a high degree of aggregation. 

Their reprodactive states and conseguent density effects 

were the major factors responsible for the observed
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�a�g�g�r�e�g�a�t�i�o�n� �p�a�t�t�e�r�n�s� �o�f� �t�h�e� �f�e�m�a�l�e�s� �t�h�e�m�s�e�l�v�e�s�,� �a�n�d� �o�f� �t�h�e� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �a�n�d� �a�m�o�n�g� �t�h�e� �o�t�h�e�r� �c�o�g�p�o�n�e�n�t�s� �o�f� �t�h�e� 

�p�o�p�u�l�a�t�i�o�n�.� �T�h�e� �a�d�u�l�t� �m�a�l�e�s� �w�e�r�e� �t�h�e� �m�o�s�t� �c�o�n�s�i�s�t�e�n�t�.� �I�n� �a�l�l� 

�b�u�t� �o�n�e� �c�a�s�e�,� �t�h�e�y� �d�i�s�p�l�a�y�e�d� �v�e�r�y� �l�i�t�t�l�e� �o�r� �n�o� �a�g�g�r�e�g�a�t�i�o�n�.� 

�A� �d�r�a�s�t�i�c� �s�w�i�t�c�h� �v�a�s� �s�e�e�n� �i�n� �p�o�p�u�l�a�t�i�o�n�s� �w�i�t�h� �l�o�w� �n�u�m�b�e�r�s� �o�f� 

�n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s�.� �A�s� �a�l�r�e�a�d�y� �d�i�s�c�u�s�s�e�d�,� �a�a�l�e�s� �d�i�d� 

�a�g�g�r�e�g�a�t�e� �u�n�d�e�r�,� �a�n�d� �o�n�l�y� �u�n�d�e�r�,� �t�h�o�s�e� �c�i�r�c�u�m�s�t�a�n�c�e�s�.� �T�h�e� 

�m�e�d�i�u�m� �a�n�d� �s�m�a�l�l� �n�y�g�p�h�s� �w�e�r�e� �v�a�r�i�a�b�l�e�.� �T�h�e�i�r� �a�g�g�r�e�g�a�t�i�o�n� 

�b�e�h�a�v�i�o�r� �w�a�s� �c�l�o�s�e�l�y� �a�l�i�g�n�e�d� �w�i�t�h� �t�h�e� �f�e�m�a�l�e�s�*� �b�e�h�a�v�i�o�r�.� �I�f� 

�f�e�m�a�l�e� �a�g�g�r�e�g�a�t�i�o�n� �i�n�c�r�e�a�s�e�d�,� �s�o� �d�i�d� �n�y�s�p�h�a�l� �a�g�g�r�e�g�a�t�i�o�n�.� 

�T�h�e� �a�g�g�r�e�g�a�t�i�o�n� �r�e�s�p�o�n�s�e� �o�f� �t�h�e� �s�m�a�l�l� �n�y�m�p�h�s� �w�a�s� �e�s�p�e�c�i�a�l�l�y� 

�s�t�r�o�n�g�,� �u�s�u�a�l�l�y� �t�h�e� �s�t�r�o�n�g�e�s�t� �i�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n�.� �F�i�r�s�t� �a�n�d� 

�s�e�c�o�n�d� �i�n�s�t�a�r� �n�y�m�p�h�s� �a�r�e� �t�h�e� �m�o�s�t� �g�r�e�g�a�r�i�o�u�s� �c�o�m�p�o�n�e�n�t� �i�n�a� 

�p�o�p�u�l�a�t�i�o�n� �(�I�s�h�i�i� �a�n�d� �K�a�w�a�h�a�r�a� �1�9�6�8�)�.� �A�S� �y�o�u�n�g� �n�y�a�p�h�s� 

�m�a�t�u�r�e�,� �t�h�e�y� �a�g�g�r�e�g�a�t�e� �l�e�s�s� �{�S�o�n�u�s�e�r�,� �1�9�7�5�b�)�.� �T�h�i�s� �w�a�s� �s�e�e�n� 

�i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� �T�h�e� �m�e�d�i�u�m� �n�y�m�p�h�s� �a�g�g�r�e�g�a�t�e�d� �l�e�s�s� �t�h�a�n� 

�t�h�e� �y�o�u�n�g�e�r� �o�n�e�s�.



�D�I�S�C�U�S�S�I�O�N� 

�G�e�n�e�r�a�l�l�y�,� �t�h�e� �c�o�c�k�r�o�a�c�h�e�s� �e�n�t�e�r�e�d� �t�h�e� �s�h�e�l�t�e�r�s� �a�s� 

�e�x�p�e�c�t�e�d�.� �O�n�e� �e�x�c�e�p�t�i�o�n� �t�o� �t�h�i�s� �w�a�s� �t�h�e� �n�u�m�b�e�r� �o�f� �s�m�a�l�l� 

�h�y�a�p�h�s� �f�o�u�n�d� �o�u�t�s�i�d�e� �t�h�e� �s�h�e�l�t�e�r�s�.� �T�h�e� �o�n�l�y� �i�n�s�t�a�n�c�e� 

�r�e�p�o�r�t�e�d� �t�o� �d�a�t�e� �i�n� �w�h�i�c�h� �c�o�c�k�r�o�a�c�h�e�s� �d�i�d� �n�o�t� �c�o�l�l�e�c�t� �i�n�s�i�d�e� 

�s�h�e�l�t�e�r�s� �w�a�s� �w�h�e�r�e� �o�n�l�y� �o�n�e� �o�r� �t�w�o� �i�n�d�i�v�i�d�u�a�l�s�,� �e�i�t�h�e�r� 

�a�d�u�l�t�s� �o�r� �l�a�r�g�e� �n�y�m�p�h�s�,� �w�e�r�e� �p�r�e�s�e�n�t� �(�M�i�z�u�n�o� �a�n�d� �T�s�u�j�i�,� 

�1�9�7�4�)�.� �T�h�i�s� �w�a�s� �e�x�p�l�a�i�n�e�d� �b�y� �a� �r�e�s�p�o�n�s�e� �t�o� �l�o�w� �l�e�v�e�l�s� �o�f� 

�a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�m�o�n�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �v�e�r�y� �l�o�w� �d�e�n�s�i�t�y�.� �I�n� 

�c�o�n�t�r�a�s�t�,� �t�h�e� �n�y�a�p�h�a�l� �d�i�s�p�e�r�s�a�l� �i�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �c�a�n� �b�e� 

�b�e�s�t� �e�x�p�l�a�i�n�e�d� �b�y� �s�h�e�l�t�e�r� �f�a�v�o�r�a�b�i�l�i�t�y�.� �T�h�e� �1�.�0�0� �c�m� �h�i�g�h� 

�S�h�e�l�t�e�r�s� �w�e�r�e� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �p�r�e�f�e�r�r�e�d� �h�e�i�g�h�t�.� �E�a�r�l�y� 

�i�n�s�t�a�r�s� �p�r�e�f�e�r� �s�p�a�c�e�s� �l�e�s�s� �t�h�a�n� �0�.�5�0� �c�m� �{�B�e�r�t�h�o�l�d� �a�n�d� 

�W�i�l�s�o�n�,� �1�9�6�7�)� �a�n�d� �c�a�n� �e�v�e�n� �f�i�t� �i�n� �c�r�e�v�i�c�e�s� �o�f� �o�n�i�y� �0�.�0�5� �c�a� 

�(�W�i�l�l�e�,� �1�9�2�0�;� �K�l�u�n�k�e�r�,� �1�9�7�7�)�.� �T�h�a�t� �n�y�a�p�h�s� �s�o�u�g�h�t� �r�e�f�u�g�e� 

�b�e�t�w�e�e�n� �t�h�e� �s�h�e�l�t�e�r�s�,� �i�n� �t�h�e� �c�o�r�n�e�r�s� �o�f� �t�h�e� �a�q�u�a�r�i�a�,� �o�r� �e�v�e�n� 

�e�s�c�a�p�e�d�,� �i�n�d�i�c�a�t�e�s� �t�h�e� �s�h�e�l�t�e�r�s� �d�i�d� �a�c�t� �p�r�o�v�i�d�e� �t�h�e� 

�t�h�i�g�m�o�t�a�x�i�c� �s�t�i�m�u�l�u�s� �r�e�q�u�i�r�e�d� �b�y� �e�a�r�l�y� �i�n�s�t�a�r�s�.� �H�o�w�e�v�e�r�,� 

�t�h�o�s�e� �n�y�m�p�h�s� �t�h�a�t� �d�i�d� �r�e�m�a�i�n� �i�n� �t�h�e� �s�h�e�l�t�e�r�s� �e�x�h�i�b�i�t�e�d� 

�a�g�g�r�e�g�a�t�i�o�n� �r�e�s�p�o�n�s�e�s� �a�l�o�n�g� �w�i�t�h� �t�h�e� �o�t�h�e�r� �c�o�m�p�o�n�e�n�t�s�.� 

�F�e�m�a�l�e�s� �o�f� �a�t� �l�e�a�s�t� �o�n�e� �c�o�c�k�r�o�a�c�h� �s�p�e�c�i�e�s� �a�r�e� �c�a�p�a�b�l�e� 

�o�f� �i�n�f�l�u�e�n�c�i�n�g� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �(�E�w�i�n�g� �1�9�7�3�)�.� 

�T�h�e� �r�e�s�u�i�t�s� �o�f� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �s�h�o�w� �t�h�a�t� �t�h�i�s� �i�s� �a�i�s�o� �t�r�u�e� 

�o�f� �t�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�.� �T�h�e� �g�r�o�u�p� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� 
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�p�o�p�u�l�a�t�i�o�n� �v�a�r�i�e�d� �w�i�t�h� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �a�n�d� �t�h�e� 

�d�e�n�s�i�t�y� �o�f� �t�h�e� �f�e�m�a�l�e�s� �i�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n�.� �I�t� �i�s� �a�l�s�o� �k�n�o�w�n� 

�t�h�a�t� �t�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h� �p�r�o�d�u�c�e�s� �a�n� �a�r�r�a�y� �o�f� �c�h�e�m�i�c�a�l� 

�s�t�i�m�u�l�i� �t�h�a�t� �i�n�f�l�u�e�a�c�e� �b�e�h�a�v�i�o�r�s� �(�I�s�h�i�i� �a�n�d� �K�u�w�a�h�a�r�a� �1�9�6�7�,� 

�1�9�6�8�;� �N�i�s�h�i�d�a� �e�t� �a�l�.� �1�9�7�5�;� �S�u�t�o� �a�n�d� �K�u�m�a�d�a� �1�9�8�1�)�.� �T�h�u�s�,� �i�t� 

�i�s� �q�u�i�t�e� �p�o�s�s�i�b�l�e� �t�h�a�t� �t�h�e� �a�d�u�l�t� �f�e�m�a�l�e�s� �p�r�o�d�u�c�e� �c�h�e�m�i�c�a�l� 

�s�t�i�m�u�l�i� �t�h�a�t� �i�n�f�l�u�e�n�c�e� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n�,� �a�n�d� 

�t�h�a�t� �t�h�e�s�e� �c�h�e�m�i�c�a�l�s� �a�r�e� �m�e�d�i�a�t�e�d� �b�y� �t�h�e� �f�e�n�m�a�l�e�s�'�*� 

�r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �a�n�d� �d�e�n�s�i�t�y�.� 

�G�r�a�v�i�d� �f�e�m�a�l�e�s� �a�p�p�a�r�e�n�t�l�y� �p�r�o�d�u�c�e�d� �a�n� �a�g�g�r�e�g�a�t�i�o�n� 

�p�h�e�r�o�g�o�n�e� �t�h�a�t� �c�a�u�s�e�d� �a�g�g�r�e�g�a�t�i�o�n� �o�f� �t�h�e� �f�e�m�a�l�e�s� �a�n�d� �t�h�e� 

�n�y�m�p�h�s�.� �A�s� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� �f�e�m�a�l�e�s� �i�n�c�r�e�a�s�e�d�,� �t�h�e� �a�z�o�u�n�t� 

�o�f� �a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�m�o�n�e� �p�r�e�s�e�n�t� �i�n� �t�h�e� �h�a�r�b�o�r�a�g�e� �n�a�t�u�r�a�l�l�y� 

�i�n�c�r�e�a�s�e�d�.� �T�h�i�s� �i�n�c�r�e�a�s�e�d� �t�h�e� �a�g�g�r�e�g�a�t�i�o�n� �r�e�s�p�o�n�s�e� �o�f� �t�h�e� 

�f�e�m�a�l�e�s� �a�n�d� �t�h�e� �n�y�a�p�h�a�l� �c�o�m�p�o�n�e�n�t�s�.� �N�y�m�p�h�s�,� �e�s�p�e�c�i�a�l�l�y� �e�a�r�l�y� 

�i�n�s�t�a�r�s�,� �s�h�o�w�e�d� �h�i�g�h� �d�e�g�r�e�e�s� �o�f� �a�g�g�r�e�g�a�t�i�o�n�.� �T�h�e� �r�e�s�p�o�n�s�e� �o�f� 

�m�e�d�i�u�m� �n�y�m�p�h�s� �t�o� �c�h�e�m�i�c�a�l� �c�u�e�s� �w�a�s� �l�e�s�s� �i�n�t�e�n�s�e� �t�h�a�n� �t�h�a�t� �o�f� 

�t�h�e� �e�a�r�l�y� �i�n�s�t�a�r� �n�y�a�p�h�s�.� �S�o�m�m�e�r� �{�1�9�7�5�b�)�,� �l�i�k�e�w�i�s�e� �f�o�u�n�d� 

�t�h�a�t� �t�h�e� �a�g�g�r�e�g�a�t�i�o�n� �o�f� �n�y�m�p�h�s� �d�e�c�r�e�a�s�e�s� �a�s� �t�h�e�y� �a�g�e�.� 

�T�h�e� �m�a�l�e�s� �o�f� �t�h�e�s�e� �p�o�p�u�l�a�t�i�o�n�s� �d�i�d� �n�o�t� �a�g�g�r�e�g�a�t�e�.� 

�S�o�m�m�e�r� �(�1�9�7�5�b�)� �a�l�s�o� �f�o�u�n�d� �a�d�u�l�t� �m�a�l�e�s� �t�o� �b�e� �t�h�e� �l�e�a�s�t� 

�a�g�g�r�e�g�a�t�e�d� �c�o�m�p�o�n�e�n�t� �i�n� �a� �p�o�p�u�l�a�t�i�o�n�.� �M�a�l�e�s� �m�a�y� �h�e� �m�o�r�e� 

�r�e�s�p�o�n�s�i�v�e� �t�o� �f�e�m�a�l�e� �s�e�x� �p�h�e�r�o�m�o�n�e�s� �t�h�a�n� �t�o� �a�g�g�r�e�g�a�t�i�o�n� 

�p�h�e�r�o�s�o�n�e�s�.� �I�n� �o�n�e� �s�t�u�d�y�,� �s�a�l�e�s� �t�h�a�t� �h�a�d� �b�e�e�n� �i�s�o�l�a�t�e�d� �f�r�o�n� 

�f�e�m�a�l�e�s� �s�h�o�w�e�d� �s�t�r�o�n�g� �a�g�g�r�e�g�a�t�i�o�n� �r�e�s�p�o�n�s�e�s� �t�o� �v�i�r�g�i�n
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�f�e�m�a�l�e�s� �(�R�o�t�h� �a�n�d� �W�i�l�l�i�s� �1�9�5�2�a�)�.� �T�h�e� �m�a�l�e�s� �i�n� �t�h�e� �p�r�e�s�e�n�t� 

�e�x�p�e�r�i�m�e�n�t� �w�e�r�e� �t�a�k�e�n� �f�r�o�g� �a� �s�i�x�e�d� �c�o�l�o�n�y�.� �T�h�e�r�e�f�o�r�e�,� �i�t� 

�c�a�n� �b�e� �e�x�p�e�c�t�e�d� �t�h�a�t� �t�h�e�i�r� �r�e�s�p�o�n�s�e� �t�o� �f�e�m�a�l�e� �s�e�x� �a�t�t�r�a�c�t�a�n�t� 

�w�o�u�l�d� �b�e� �s�o�s�a�e�w�h�a�t� �r�e�d�u�c�e�d�.� �O�n�e� �s�u�s�t� �a�l�s�o� �c�o�n�s�i�d�e�r� �t�h�e� �c�y�c�l�i�c� 

�n�a�t�u�r�e� �o�f� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �f�e�m�a�l�e� �s�e�x� �a�t�t�r�a�c�t�a�n�t�s�.� �T�h�e� 

�p�r�o�d�u�c�t�i�o�n� �o�f� �a�t�t�r�a�c�t�a�n�t�s� �d�r�o�p�s� �s�h�a�r�p�l�y� �a�f�t�e�r� �m�a�t�i�n�g� �(�R�o�t�h� 

�1�9�6�7�)�.� �I�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�,� �g�r�a�v�i�d� �f�e�m�a�l�e�s� �a�p�p�a�r�e�n�t�l�y� �d�i�d� �n�o�t� 

�p�r�o�d�u�c�e� �s�e�x� �p�h�e�r�o�m�o�n�e�s� �i�n� �q�u�a�n�t�i�t�i�e�s� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �i�n�d�u�c�e� 

�a�g�g�r�e�g�a�t�i�o�n� �a�m�o�n�g� �t�h�e� �s�a�a�l�e�s�.� �F�u�r�t�h�e�r�,� �m�a�l�e�-�f�e�m�a�l�e� 

�a�g�g�r�e�g�a�t�i�o�n� �d�e�c�r�e�a�s�e�d� �a�s� �t�h�e� �d�e�n�s�i�t�y� �o�f� �f�e�m�a�l�e�s� �w�i�t�h� �m�a�t�u�r�e� 

�e�g�g� �c�a�s�e�s� �i�n�c�r�e�a�s�e�d�.� �T�h�i�s� �s�a�y� �b�e� �d�u�e� �t�o� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� 

�p�r�o�d�u�c�t�i�o�n� �o�f� �s�e�x� �p�h�e�r�o�m�o�n�e� �w�i�t�h� �i�n�c�r�e�a�s�e�d� �f�e�m�a�l�e� �d�e�n�s�i�t�y�.� 

�F�e�m�a�l�e�s� �w�i�t�h�o�u�t� �e�g�g� �c�a�s�e�s� �d�o� �p�r�o�d�u�c�e� �t�h�e� �s�e�x� �p�h�e�r�o�g�z�o�n�e�.� 

�T�h�i�s� �c�o�u�l�d�,� �i�n� �p�a�c�t�,� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �s�t�r�o�n�g� �a�g�g�r�e�g�a�t�i�o�n� �o�f� 

�m�a�l�e�s� �a�t� �t�h�e� �l�o�w� �d�e�n�s�i�t�y� �o�f� �n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s�.� �B�o�t�h� �a�d�u�l�t� 

�f�e�m�a�l�e�s� �a�n�d� �a�d�u�i�t� �s�a�l�e�s� �a�g�g�r�e�g�a�t�e�d� �s�t�r�o�n�g�l�y�.� �M�a�l�e�s� �p�r�o�d�u�c�e� 

�a�n� �a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�m�o�n�e� �a�n�d� �n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s� �m�a�y� �a�l�s�o�,� 

�p�a�r�t�i�c�u�l�a�r�l�y� �a�t� �l�o�w� �d�e�n�s�i�t�i�e�s�.� �<�A� �l�a�r�g�e� �a�g�g�r�e�g�a�t�e� �o�f� �m�a�l�e�s� 

�a�n�d� �f�e�m�a�l�e�s� �m�a�y� �i�n�c�r�e�a�s�e� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�g�g�r�e�g�a�t�i�o�n� 

�p�h�e�r�o�a�o�n�e�s� �t�h�a�t� �w�o�u�l�d� �i�n� �t�u�r�n� �r�e�i�n�f�o�r�c�e� �t�h�e� �a�g�g�r�e�g�a�t�i�o�n� 

�b�e�h�a�v�i�o�r� �o�f� �t�h�e� �e�a�r�l�y� �a�n�d� �m�i�d�d�l�e� �i�n�s�t�a�r�s�.� 

�O�n�e� �i�s� �t�e�m�p�t�e�d� �t�o� �a�t�t�r�i�b�u�t�e� �i�n�c�r�e�a�s�e�d� �d�i�s�p�e�r�s�a�l� �a�t� 

�i�n�c�r�e�a�s�e�d� �d�e�n�s�i�t�i�e�s� �o�f� �n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s� �t�o� �t�h�e� �p�h�y�s�i�c�a�i� 

�l�i�m�i�t�a�t�i�o�n�s� �o�f� �t�h�e� �s�h�e�l�t�e�r�s�.� �L�i�m�i�t�e�d� �s�p�a�c�e� �w�o�u�l�d� �f�o�r�c�e� �t�h�e� 

�c�o�c�k�r�o�a�c�h�e�s� �t�o� �d�i�s�p�e�r�s�e�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �w�o�u�l�d� �a�l�s�o� �h�a�v�e� �t�o
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�a�p�p�l�y� �t�o� �g�r�a�v�i�d� �f�e�m�a�l�e�s�,� �a�s� �t�h�e�y� �t�a�k�e� �u�p� �a�l�m�o�s�t� �t�w�i�c�e� �a�s� 

�m�u�c�h� �s�p�a�c�e� �a�s� �n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s�.� �G�r�a�v�i�d� �f�e�m�a�l�e�s� �a�g�g�r�e�g�a�t�e�d� 

�m�o�r�e� �a�t� �h�i�g�h�e�r� �d�e�n�s�i�t�i�e�s� �t�h�a�n� �a�t� �l�o�w�e�r� �d�e�n�s�i�t�i�e�s� �s�o� �l�a�c�k� �o�f� 

�a�d�e�q�u�a�t�e� �s�p�a�c�i�n�g� �c�a�n�n�o�t� �e�x�p�l�a�i�n� �t�h�e� �d�i�s�p�e�r�s�i�o�n� �o�f� �n�o�n�-�g�r�a�v�i�d� 

�f�e�m�a�l�e�s�.� �T�h�e� �a�n�s�w�e�r� �a�u�s�t� �l�i�e� �e�l�s�e�w�h�e�r�e�.� 

�T�h�r�e�e� �p�o�s�s�i�b�i�l�i�t�i�e�s� �c�o�u�l�d� �a�c�c�o�u�n�t� �f�o�r� �d�e�c�r�e�a�s�e�d� 

�a�g�g�r�e�g�a�t�i�o�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �i�n�c�r�e�a�s�e�d� �n�u�a�b�e�r�s� �o�f� �n�o�n�-�g�r�a�v�i�d� 

�f�e�m�a�l�e�s�.� �T�h�e� �a�p�m�o�u�n�t� �o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �a�g�g�r�e�g�a�t�i�o�n� 

�p�h�e�r�o�g�o�n�e� �p�r�o�d�u�c�e�d� �m�a�y� �h�a�v�e� �d�e�c�r�e�a�s�e�d�,� �a� �d�i�s�p�e�r�s�i�o�n� �i�n�d�u�c�i�n�g� 

�s�u�b�s�t�a�n�c�e� �m�a�y� �h�a�v�e� �b�e�e�n� �p�r�o�d�u�c�e�d�,� �o�r� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�o�s�e� 

�t�w�o� �e�v�e�n�t�s� �o�c�c�u�r�r�e�d�.� �T�h�e� �e�f�f�e�c�t� �o�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �w�a�s� 

�g�r�e�a�t�e�r� �d�i�s�p�e�r�s�i�o�n�.� 

�T�h�e� �p�r�o�d�u�c�t�i�o�n� �a�n�d� �r�e�g�u�l�a�t�i�o�n� �o�f� �c�h�e�m�i�c�a�l� �c�u�e�s�,� �a�n�d� �t�h�e� 

�e�n�s�u�i�n�g� �b�e�h�a�v�i�o�r�a�l� �r�e�p�e�r�t�o�i�r�e�s�,� �h�a�v�e� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� 

�s�p�e�c�i�e�s� �s�u�r�v�i�v�a�l�.� �R�e�p�r�o�d�u�c�t�i�o�n� �i�s� �a�n� �e�n�e�r�g�y� �c�o�n�s�u�g�i�n�g� 

�p�r�o�c�e�s�s�.� �G�r�a�v�i�d� �f�e�m�a�l�e�s� �n�e�e�d� �t�o� �c�h�a�n�n�e�l� �t�h�e�i�r� �r�e�s�o�u�r�c�e�s� 

�t�o�w�a�r�d� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� �e�g�g� �c�a�s�e� �r�a�t�h�e�r� �t�h�a�n� �s�a�s�t�e� 

�e�n�e�r�g�y� �d�i�s�p�e�r�s�i�n�g�.� �S�t�a�t�i�o�n�a�r�y� �b�e�h�a�v�i�o�r� �o�f� �g�r�a�v�i�d� �f�e�m�a�l�e�s� 

�w�o�u�l�d� �b�e� �e�n�h�a�n�c�e�d� �b�y� �t�h�e�i�r� �c�l�o�s�e� �a�s�s�o�c�i�a�t�i�o�n� �w�i�t�h� �t�h�e�s�g�s�e�l�v�e�s� 

�a�n�d� �o�t�h�e�r� �c�o�m�p�o�n�e�n�t�s�.� �T�h�i�s� �h�a�s� �b�e�e�n� �n�o�t�e�d� �i�n� �w�i�l�d� 

�p�o�p�u�l�a�t�i�o�n�s�.� �I�n� �a� �r�e�c�e�n�t� �e�x�p�e�r�i�m�e�n�t� �a�b�o�a�r�d� �a� �N�a�v�a�l� �v�e�s�s�e�l�,� 

�g�r�a�v�i�d� �f�e�m�a�l�e�s� �w�e�r�e� �s�e�e�n� �t�o� �r�e�m�a�i�n� �w�i�t�h�i�n� �h�a�r�h�o�r�a�g�e�s�.� 

�M�o�r�e�o�v�e�r�,� �t�h�e� �h�a�r�b�o�r�a�g�e�s� �w�e�r�e� �l�o�c�a�t�e�d� �n�e�a�r� �f�o�o�d� �a�n�d� �w�a�t�e�r� 

�(�R�o�s�s�,� �B�r�e�t�,� �a�n�d� �K�e�i�l�,� �u�n�p�u�b�l�i�s�h�e�d�)�.� �T�h�i�s�,� �a�i�s�o�,� �w�a�s� �a�n� 

�a�d�v�a�n�t�a�g�e�o�u�s� �t�y�p�e� �o�f� �b�e�h�a�v�i�o�r�.� �I�t� �e�n�s�u�r�e�d� �t�h�a�t� �t�h�e�i�r� �e�g�g�s
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�w�o�u�l�d� �h�a�t�c�h� �i�n� �f�a�v�o�r�a�b�l�e� �s�i�t�e�s�.� �T�h�i�s� �i�n�c�r�e�a�s�e�d� �t�h�e� �c�h�a�n�c�e�s� 

�o�f� �s�u�r�v�i�v�a�l� �f�o�r� �t�h�e� �n�e�w�l�y� �h�a�t�c�h�e�d� �n�y�m�p�h�s�.� 

�T�h�e� �m�i�d�d�l�e� �a�n�d� �e�a�r�l�y� �s�t�a�g�e� �n�y�m�p�h�s� �a�g�g�r�e�g�a�t�e�d� �i�n� �t�h�e� 

�S�a�m�e� �m�a�n�n�e�r� �a�s� �t�h�e� �g�r�a�v�i�d� �f�e�m�a�l�e�s�.� �T�h�e� �f�o�u�r� �s�h�e�l�t�e�r�s� �i�n� �t�h�i�s� 

�s�t�u�d�y� �w�e�r�e� �i�d�e�n�t�i�c�a�l� �s�o� �t�h�e� �f�a�v�o�r�a�b�i�l�i�t�y� �o�f� �t�h�e� �s�i�t�e� �s�h�o�u�l�d� 

�n�o�t� �b�e� �a� �f�a�c�t�o�r� �i�n� �e�x�p�l�a�i�n�i�n�g� �w�h�y� �t�h�e� �a�y�a�p�h�s� �a�g�g�r�e�g�a�t�e�d� �w�i�t�h� 

�t�h�e� �f�e�m�a�l�e�s�.� �R�a�t�h�e�r�,� �i�t� �a�p�p�e�a�r�e�d� �t�h�a�t� �n�y�m�s�p�h�s� �w�e�r�e� 

�p�a�r�t�i�c�u�l�a�r�l�y� �r�e�s�p�o�n�s�i�v�e� �t�o� �t�h�e� �a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�z�o�n�e� �o�f� 

�g�r�a�v�i�d� �f�e�m�a�l�e�s�.� �T�h�e� �p�r�i�m�a�r�y� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�i�s� �b�e�h�a�v�i�o�r�a�l� 

�p�a�t�t�e�r�n� �m�a�y� �h�a�v�e� �b�e�e�n� �t�h�a�t� �a�o�t�e�d� �a�b�o�v�e�,� �i�n�c�r�e�a�s�i�n�g� �n�y�s�p�h�a�l� 

�s�u�r�v�i�v�a�l�.� �I�t� �w�o�u�l�d� �b�e� �b�e�n�e�f�i�c�i�a�l� �f�o�r� �n�y�m�p�h�s� �t�o� �a�g�g�r�e�g�a�t�e� 

�w�i�t�h� �g�r�a�v�i�d� �f�e�m�a�l�e�s� �s�i�n�c�e� �g�r�a�v�i�d� �f�e�m�a�l�e�s� �s�e�l�e�c�t� �f�a�v�o�r�a�b�l�e� 

�a�g�g�r�e�g�a�t�i�o�n� �s�i�t�e�s�.� 

�N�o� �r�e�p�r�o�d�u�c�t�i�v�e� �b�e�n�e�f�i�t�s� �w�o�u�l�d� �h�e� �g�a�i�n�e�d� �f�r�o�m� �t�h�e� 

�a�g�g�r�e�g�a�t�i�o�n� �o�f� �g�r�a�v�i�d� �f�e�m�a�l�e�s� �a�n�d� �a�d�u�l�t� �m�a�l�e�s�.� �T�h�e� �p�r�e�s�e�n�c�e� 

�o�f� �a�n� �e�g�g� �c�a�s�e� �p�r�e�v�e�n�t�s� �a� �f�e�m�a�l�e� �f�r�o�m� �s�a�t�i�n�g�.� �L�e�s�s� �o�b�v�i�o�u�s� 

�i�s� �t�h�e� �f�a�c�t� �t�h�a�t� �f�e�m�a�l�e�s� �g�e�n�e�r�a�l�l�y� �d�o� �n�o�t� �n�e�e�d� �t�o� �h�e� 

�r�e�i�n�s�e�a�m�i�n�a�t�e�d� �a�f�t�e�r� �e�a�c�h� �e�g�g� �c�a�s�e�.� �E�n�o�u�g�h� �s�p�e�r�a� �f�r�o�m� �t�h�e� 

�f�i�r�s�t� �m�a�t�i�n�g� �i�s� �s�t�o�r�e�d� �i�n� �t�h�e� �f�e�m�a�l�e�'�s� �s�p�e�r�m�a�t�h�e�c�a� �t�o� 

�f�e�r�t�i�l�i�z�e� �s�u�c�c�e�s�s�i�v�e� �e�g�g� �c�a�s�e�s� �(�C�o�c�h�r�a�n� �1�9�7�9�)�.� �G�r�a�v�i�d� 

�f�e�m�a�l�e�s� �c�a�n� �n�o�t� �m�a�t�e� �a�n�d� �c�o�n�s�e�q�u�e�n�t�l�y�,� �d�o� �n�o�t� �n�e�e�d� �t�o� 

�p�r�o�d�u�c�e� �s�e�x� �p�h�e�r�o�m�o�n�e�s� �i�n� �g�u�a�n�t�i�t�i�e�s� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �a�t�t�r�a�c�t� 

�t�h�e� �m�a�l�e�s�.� �T�h�e� �e�v�o�l�u�t�i�o�n� �o�f� �c�y�c�l�i�c� �s�e�x� �p�h�e�r�o�r�o�n�e� �p�r�o�d�u�c�t�i�o�n� 

�i�s� �p�r�o�b�a�b�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �t�h�e� �i�n�a�b�i�l�i�t�y� �o�f� �g�r�a�v�i�d� �f�e�n�a�l�e�s� 

�t�o� �s�a�t�e�.� �T�h�e� �e�f�f�e�c�t� �o�f� �t�h�i�s� �w�a�s� �s�e�e�n� �i�n� �t�h�e� �l�a�c�k� �o�f� �m�a�l�e
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�a�g�g�r�e�g�a�t�i�o�n� �b�e�h�a�v�i�o�r�.� 

�N�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s� �h�a�v�e� �d�i�f�f�e�r�e�n�t� �b�i�o�l�o�g�i�c�a�l� 

�r�e�s�p�o�n�s�i�b�i�l�i�t�i�e�s� �t�h�a�n� �g�r�a�v�i�d� �f�e�m�a�l�e�s�.� �A� �f�a�v�o�r�a�b�l�y� �s�i�t�u�a�t�e�d� 

�h�a�r�b�o�r�a�g�e� �f�o�r� �e�g�g� �c�a�s�e� �h�a�t�c�h� �i�s� �n�o�t� �a�n� �i�m�g�i�n�e�n�t� �p�r�o�b�l�e�m�.� �I�t� 

�i�s� �n�o�t� �s�u�r�p�r�i�s�i�n�g� �t�h�a�t� �t�h�e�s�e� �f�e�m�a�l�e�s� �d�i�s�p�e�r�e�d� �m�o�r�e� �r�e�a�d�i�l�y� 

�t�h�a�n� �g�r�a�v�i�d� �f�e�m�a�l�e�s�.� �T�h�i�s� �w�a�s� �s�e�e�n� �i�n� �t�h�e� �s�a�m�e� �s�h�i�p�b�o�a�r�d� 

�e�x�p�e�r�i�m�e�n�t� �m�e�n�t�i�o�n�e�d� �e�a�r�l�i�e�r�.� �T�h�e� �o�n�l�y� �a�d�u�l�t� �f�e�m�a�l�e�s� �t�h�a�t� 

�m�o�v�e�d� �a�w�a�y� �f�r�o�m� �f�a�v�o�r�a�b�l�e� �s�i�t�e�s� �w�e�r�e� �t�h�o�s�e� �w�i�t�h�o�u�t� �e�g�g� �c�a�s�e�s� 

�(�R�o�s�s�,� �B�r�e�t�,� �a�n�d� �K�e�i�l� �u�n�p�u�b�l�i�s�h�e�d�)�.� �A� �s�e�c�o�n�d� �a�s�p�e�c�t� �o�f� �t�h�e� 

�b�e�h�a�v�i�o�r� �o�f� �n�o�n�~�g�r�a�v�i�d� �f�e�m�a�l�e�s� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �p�r�e�s�s�u�r�e�s� 

�f�r�o�m� �i�n�c�r�e�a�s�e�d� �d�e�n�s�i�t�y�.� �A�s� �t�h�e� �d�e�n�s�i�t�y� �o�f� �f�e�m�a�l�e�s� �i�n�c�r�e�a�s�e�s�,� 

�t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �p�o�t�e�n�t�i�a�l� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �i�n�c�r�e�a�s�e�s�,� �a�n�d� 

�t�h�e� �c�a�r�r�y�i�n�g� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �h�a�r�b�o�r�a�g�e� �i�s� �a�p�p�r�o�a�c�h�e�d�.� �T�h�e� 

�e�f�f�e�c�t� �o�f� �n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e� �h�e�h�a�v�i�o�r� �o�n� �t�h�e� �g�r�o�u�p� �c�o�u�l�d� 

�p�r�o�v�i�d�e� �a� �m�e�c�h�a�n�i�s�a� �w�h�e�r�e�b�y� �i�n�h�a�b�i�t�a�a�t�s� �a�r�e� �f�o�r�c�e�d� �o�u�t� �o�f� �a�n� 

�o�v�e�r�-�c�r�o�w�d�e�d�g� �h�a�r�b�o�r�a�g�e� �a�t� �a� �t�i�m�e� �m�o�s�t� �a�d�v�a�n�t�a�g�e�o�u�s� �f�o�r� 

�s�u�r�v�i�v�a�l�.� �S�a�c�h� �a� �t�i�g�z�e� �w�o�u�l�d� �b�e� �w�h�e�n� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �g�r�a�v�i�d� 

�f�e�m�a�l�e�s� �i�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �w�a�s� �l�o�w�.� �N�o�n�-�g�r�a�v�i�d� �f�e�s�a�l�e�s� �a�r�e� 

�b�e�t�t�e�r� �a�b�l�e� �t�o� �i�n�v�e�s�t� �e�n�e�r�g�y� �i�n�t�o� �d�i�s�p�e�r�s�a�l�.� �O�n�c�e� �a� �s�u�i�t�a�b�l�e� 

�S�i�t�e� �i�s� �f�o�u�n�d� �(�f�o�o�d�,� �w�a�t�e�r�,� �s�h�e�l�t�e�r�,� �u�n�c�r�o�w�d�e�d� �c�o�n�d�i�t�i�o�n�s�)�,� 

�m�e�t�a�b�o�l�i�c� �r�e�s�o�u�r�c�e�s� �c�a�n� �t�h�e�n� �b�e� �d�i�v�e�r�t�e�d� �f�r�o�m� �d�i�s�p�e�r�s�a�l� �i�n�t�o� 

�r�e�p�r�o�d�u�c�t�i�o�n�.� 

�A�s� �i�n� �t�h�e� �c�a�s�e� �w�i�t�h� �g�r�a�v�i�d� �f�e�m�a�l�e�s�,� �b�o�t�h� �m�i�d�d�l�e� �a�n�d� 

�e�a�r�l�y� �s�t�a�g�e� �n�y�a�g�p�h�s� �s�h�o�w�e�d� �a�g�g�r�e�g�a�t�i�o�n� �p�a�t�t�e�r�n�s� �f�o�l�l�o�w�i�n�g� 

�t�h�o�s�e� �o�f� �t�h�e� �f�e�m�a�l�e�s�.� �W�i�t�h� �n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s� �p�r�e�s�e�n�t�,
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�h�o�w�e�v�e�r�,� �a�g�g�r�e�g�a�t�i�o�n� �d�e�c�r�e�a�s�e�d� �a�s� �f�e�m�a�l�e� �d�e�n�s�i�t�y� �i�n�c�r�e�a�s�e�d�.� 

�T�h�e� �a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�s�g�o�n�e� �o�f� �n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s� �a�p�p�a�r�e�n�t�l�y� 

�d�e�c�r�e�a�s�e�s� �o�r� �i�s� �r�e�p�l�a�c�e�d� �b�y� �a� �d�i�s�p�e�r�s�a�l� �i�n�d�u�c�i�n�g� �s�u�b�s�t�a�n�c�e�.� 

�A�s� �n�o�t�e�d� �a�b�o�v�e�,� �t�h�i�s� �m�a�y� �e�n�c�o�u�r�a�g�e� �d�i�s�p�e�r�s�a�l� �a�t� �a� �t�i�n�e� 

�e�n�s�u�r�i�n�g� �s�a�x�i�n�a�u�s� �s�u�r�v�i�v�a�l�.� �T�h�e� �i�n�c�r�e�a�s�e�d� �d�i�s�p�e�r�s�i�o�n� �o�f� �t�h�e� 

�l�a�r�g�e�r� �n�y�g�p�h�s� �w�o�u�l�d� �p�o�s�s�i�b�l�y� �i�n�s�u�r�e� �s�p�a�c�e� �f�o�r� �f�u�t�u�r�e� �n�y�m�p�h�a�l� 

�p�r�o�d�u�c�t�i�o�n� �i�f� �a� �h�a�r�b�o�r�a�g�e� �w�a�s� �f�i�l�l�e�d� �t�o� �c�a�p�a�c�i�t�y�.� 

�T�h�e� �m�a�l�e�s� �d�i�d� �a�g�g�r�e�g�a�t�e� �w�i�t�h� �e�a�c�h� �o�t�h�e�r� �a�n�d� �w�i�t�h� �t�h�e� 

�f�e�m�a�l�e�s� �b�u�t� �o�n�l�y� �a�t� �l�o�w� �d�e�n�s�i�t�i�e�s� �o�f� �n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s�.� 

�T�h�i�s� �c�o�u�l�d� �b�e� �d�u�e� �t�o� �t�h�e� �a�b�s�e�n�c�e� �o�f� �a� �r�e�p�e�l�l�e�n�t� �s�u�b�s�t�a�n�c�e� �o�r� 

�t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �a�g�g�r�e�g�a�t�i�o�n� �s�u�b�s�t�a�n�c�e� �o�r� �f�e�m�a�l�e� �s�e�x� 

�p�h�e�r�o�m�o�n�e�.� �A�t� �h�i�g�h�e�r� �f�e�m�a�l�e� �d�e�n�s�i�t�i�e�s�,� �s�e�x� �a�n�d� �a�g�g�r�e�g�a�t�i�o�n� 

�p�h�e�r�o�m�o�n�e� �p�r�o�d�u�c�t�i�o�n� �m�a�y� �b�e� �s�t�o�p�p�e�d� �a�n�d�/�o�r� �p�r�o�d�u�c�t�i�o�n� �o�f� �t�h�e� 

�r�e�p�e�l�l�i�n�g� �s�u�b�s�t�a�n�c�e� �i�n�c�r�e�a�s�e�d�.� �T�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �t�h�e� �s�e�x� 

�p�h�e�r�o�g�o�n�e� �s�i�g�h�t� �a�l�s�o� �p�l�a�y� �a� �r�o�l�e� �i�n� �t�h�i�s�.� �T�h�e� �s�e�x� �p�h�e�r�o�m�o�n�e� 

�o�f� �f�e�m�a�l�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�e�s� �i�s� �n�o�n�-�v�o�l�a�t�i�l�e� �{�N�i�s�h�i�d�a� �e�t� �a�l�.� 

�1�9�7�5�)�.� �T�h�u�s�,� �i�t� �c�a�n� �o�n�l�y� �b�e� �d�e�t�e�c�t�e�d� �b�y� �d�i�r�e�c�t� �a�n�t�e�n�n�a�l� 

�c�o�n�t�a�c�t�.� �A�g�g�r�e�g�a�t�i�o�n�s� �o�f� �f�e�m�a�l�e�s� �w�o�u�l�d� �i�n�c�r�e�a�s�e� �t�h�e� �n�u�m�b�e�r� 

�o�f� �a�n�t�e�n�n�a�l� �c�o�n�t�a�c�t�s� �b�y� �a�a�l�e�s�,� �t�h�e�r�e�b�y� �i�n�f�l�u�e�n�c�i�n�g� �t�h�e�i�r� 

�a�g�g�r�e�g�a�t�i�o�n� �b�e�h�a�v�i�o�r�.� �T�h�e� �s�e�x� �p�h�e�r�o�m�o�n�e� �h�a�s� �e�v�e�n� �b�e�e�n� �s�h�o�w�n� 

�t�o� �r�u�b� �o�f�f� �o�n� �o�t�h�e�r� �c�o�c�k�r�o�a�c�h�e�s� �s�u�c�h� �a�s� �t�h�e� �n�y�a�p�h�s� �(�R�o�t�h� �a�n�d� 

�W�i�l�l�i�s� �1�9�5�2�)�.� �T�h�e� �a�g�g�r�e�g�a�t�i�o�n� �o�f� �n�y�m�p�h�s� �w�i�t�h� �f�e�m�a�l�e�s� �a�t� �l�o�w� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n�c�r�e�a�s�e�s� �t�h�e� �p�o�o�l� �o�f� �s�t�i�m�u�l�i� �w�h�i�c�h� �t�h�e� �m�a�l�e�s� 

�a�r�e� �e�x�p�o�s�e�d� �t�o�,� �s�e�r�v�i�n�g� �a�s� �a�n� �a�d�d�e�d� �s�o�u�r�c�e� �o�f� �a�t�t�r�a�c�t�a�n�t�.� �A�t� 

�h�i�g�h�e�r� �f�e�m�a�l�e� �d�e�n�s�i�t�i�e�s�,� �t�h�e� �f�e�m�a�l�e�s� �d�i�s�p�e�r�s�e�d� �a�n�d� �e�v�e�n� �t�h�e
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�n�y�m�p�h�s� �a�g�g�r�e�g�a�t�e�d� �l�e�s�s�.� �T�h�e� �f�o�c�a�l� �p�o�i�n�t� �o�f� �a�g�g�r�e�g�a�t�i�o�n� �w�a�s� 

�t�h�u�s� �r�e�m�o�v�e�d� �b�y� �t�h�e� �i�n�c�r�e�a�s�e�d� �d�i�s�p�e�r�s�i�o�n� �o�f� �t�h�e� �f�e�m�a�l�e�s�.� 

�W�i�t�h�o�u�t� �a�n� �a�g�g�r�e�g�a�t�i�o�n� �o�f� �f�e�m�a�l�e�s�,� �s�e�x� �a�n�d�/�o�r� �a�g�g�r�e�g�a�t�i�o�n� 

�p�h�e�r�o�g�a�o�n�e�s� �a�r�e� �n�o� �l�o�n�g�e�r� �c�o�n�c�e�n�t�r�a�t�e�d� �i�n� �o�n�e� �l�o�c�a�t�i�o�n�.� 

�T�h�e�s�e� �e�x�p�e�r�i�m�e�n�t�s� �s�h�o�w� �t�h�a�t� �a�d�u�l�t� �f�e�m�a�l�e�s� �a�r�e� �a� 

�m�o�t�i�v�a�t�i�n�g� �f�o�r�c�e� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �g�r�o�u�p� �f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� 

�p�o�p�u�l�a�t�i�o�n� �a�n�d� �i�t�s� �c�o�m�p�o�n�e�n�t�s� �w�i�t�h�i�n� �a� �h�a�r�b�o�r�a�g�e�.� �T�h�e� �c�y�c�l�i�c� 

�n�a�t�a�r�e� �o�f� �t�h�e� �f�e�m�a�l�e� �s�e�x� �p�h�e�r�o�m�o�n�e� �i�s� �a�l�r�e�a�d�y� �k�n�o�w�n� �(�R�o�t�h� 

�1�9�6�7�)�.� �I�t� �n�o�w� �a�p�p�e�a�r�s� �t�h�a�t� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �a�g�g�r�e�g�a�t�i�o�n� �a�n�d� 

�d�i�s�p�e�r�s�a�l� �s�u�b�s�t�a�n�c�e�s� �m�a�y� �a�l�s�o� �b�e� �c�y�c�l�i�c� �a�n�d� �d�e�p�e�n�d�e�n�t� �u�p�o�n� 

�t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �o�f� �t�h�e� �f�e�m�a�l�e�s�.� �T�h�e�r�e� �s�a�y� �b�e� �f�u�r�t�h�e�r� 

�r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �c�y�c�l�i�c� �f�e�e�d�i�n�g� �b�e�h�a�v�i�o�r� �(�C�o�c�h�r�a�n� 

�u�n�p�u�b�l�i�s�h�e�d�)� �a�n�d� �c�y�c�l�i�c� �p�h�e�r�o�s�o�n�e� �p�r�o�d�u�c�t�i�o�n� �b�y� �f�e�m�a�l�e�s� �o�f� 

�t�h�i�s� �s�p�e�c�i�e�s�.� �f�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �o�f� �t�h�e� �s�a�j�o�r�i�t�y� �o�f� 

�f�e�m�a�l�e�s� �w�i�t�h�i�n� �a� �g�r�o�u�p� �a�p�p�a�r�e�n�t�l�y� �a�c�t�s� �t�o� �m�a�i�n�t�a�i�n� �t�h�e� 

�i�n�t�e�g�r�i�t�y� �o�f� �t�h�e� �g�r�o�u�p� �a�t� �t�i�m�e�s� �s�o�s�t� �v�i�t�a�l� �t�o� �t�h�e� �v�i�a�b�i�l�i�t�y� 

�o�f� �t�h�e� �e�g�g� �c�a�s�e�s� �a�n�d� �s�u�b�s�e�q�u�e�n�t�l�y� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �t�h�e� �n�e�w�l�y� 

�h�a�t�c�h�e�d� �n�y�m�p�h�s�.� �L�i�k�e�w�i�s�e�,� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �o�f� �t�h�e� 

�f�e�m�a�l�e�s� �a�l�s�o� �i�n�f�l�u�e�n�c�e�s� �t�h�e� �d�i�s�p�e�r�s�i�o�n� �a�n�d� �p�o�s�s�i�t�k�l�e� 

�d�i�s�p�e�r�s�a�l� �o�f� �a� �p�o�p�u�l�a�t�i�o�n� �a�t� �t�i�m�e�s� �s�o�s�t� �a�d�v�a�n�t�a�g�e�o�u�s� �t�o� �t�h�e� 

�s�u�c�c�e�s�s� �o�f� �t�h�e� �s�p�e�c�i�e�s�.� �T�h�e� �i�s�p�o�r�t�a�n�c�e� �o�f� �f�e�m�a�l�e�s� �t�o� �t�h�e� 

�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �b�e�h�a�v�i�o�r� �a�n�d� �d�y�n�a�g�i�c�s� �o�f� �t�h�e� 

�G�e�r�g�a�n� �c�o�c�k�r�o�a�c�h� �i�s� �j�u�s�t� �b�e�i�n�g� �r�e�a�l�i�z�e�d�.� �I�t� �h�a�s� �b�e�e�n� �s�a�i�d� 

�t�h�a�t� �"�.�.�.�o�n�e� �o�f� �t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� 

�i�s� �a� �l�a�r�g�e� �w�a�r�i�a�b�i�l�i�t�y� �o�f� �a�l�l� �m�a�n�n�e�r�s� �o�f� �b�e�h�a�v�i�o�r�"� �(�t�r�a�n�s�.



�~�-�~�3�1�-� 

�f�r�o�m� �S�o�m�m�e�r� �1�9�7�5�a�)�.� �T�h�e� �u�n�d�e�r�l�y�i�n�g� �r�e�a�s�o�n�s� �f�o�r� �s�u�c�h� 

�v�a�r�i�a�b�i�l�i�t�y� �a�n�d� �t�h�e� �i�m�p�l�i�c�a�t�i�o�n�s� �o�f� �i�t� �i�n� �t�h�e� �s�u�r�v�i�v�a�l� 

�s�t�r�a�t�e�g�i�e�s� �o�f� �t�h�i�s� �p�e�r�s�i�s�t�a�n�t� �p�e�s�t� �a�r�e� �b�e�i�n�g� �u�n�r�a�v�e�l�e�d�.� �M�o�r�e� 

�w�o�r�k� �n�e�e�d�s� �t�o� �b�e� �d�o�n�e� �o�n� �t�h�e� �h�o�r�m�o�n�a�l� �a�n�d� �p�h�e�r�o�m�o�n�a�l� �c�o�n�t�r�o�l� 

�o�f� �t�h�i�s� �i�n�s�e�c�t�'�s� �b�e�h�a�v�i�o�r� �i�n� �o�r�d�e�r� �t�o� �f�i�n�d� �t�h�a�t� �w�e�a�k� �l�i�n�k� �i�n� 

�i�t�s� �b�i�o�l�o�g�y� �w�h�i�c�h� �c�a�n� �b�e� �b�e�s�t� �e�x�p�l�o�i�t�e�d� �f�o�r� �c�o�a�t�r�o�l� 

�p�u�r�p�o�s�e�s�.



�T�A�B�L�E�S� �F�O�R� �G�R�O�U�P� �F�O�R�M�A�T�I�O�N� 

 ��3�2�-



�~�3�3�-� 

�T�a�b�l�e� �1�-�D�i�s�p�e�r�s�i�o�n� �i�n�d�i�c�e�s� �a�c�c�o�r�d�i�n�g� �t�o� �f�e�m�a�l�e� �d�e�n�s�i�t�y�.� �(�a�)� 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

�F�e�n�a�l�e� 
�D�e�a�s�i�t�y� �D�e�l�t�a� �V�a�l�u�e�s� �S�i�g�n�i�f�i�c�a�n�c�e� �L�e�v�e�i�s� 

�£� �o�S� �s� �e� �3� �4�.� �s� 

�o�4�2� �.�4�4� �.�8�4�2� �.�4�3� �|� �8� �<�2�0�0�1� �<�.�0�0�1� �<�.�0�0�1� �<�.�0�0�1� �|� �9� 

�P�o�p�u�l�a�t�i�o�n� �=� �.�4�4� �P�o�p�u�l�a�t�i�o�n� �<�.�0�0�1� 

�9� �s�f� �4� �S�s� �g� �J� �K� �S�s� 
�~� �~� �-� �«�4�3� �|� �S� �-� �-� �-�  ¬�.�0�1�0� �|� �S� 

�8� �-� �2�3�0� �.�3�0� �.�£�3�2� �|� �4� �-� �>�2�1�0�0� �<�.�1�0�0� �<�.�1�0�0� �|� �2� 
�2�-�3�6� �.�3�3� �.�3�3� �.�3�8� �|�}� �F� �>�2�1�0�0� �<�.�0�5�0� �<�.�1�0�0� �<�.�0�1�0� �|� �?� 

�P�o�p�u�l�a�t�i�o�n� �=� �.�3�6� �P�o�p�u�l�a�t�i�o�n� �<�.�0�0�1� 

�g�.� �¢� �M�S� �g� �3� �M� �s� 

�4�1� �.�3�2� �.�4�3� �.�4�8� �|� �8� �<�2�-�1�0�0� �5�.�1�0�0� �<�.�0�1�0� �<�.�0�1�6� �|� �¢� 

�P�o�p�u�l�a�t�i�o�n� �=� �.�4�4� �P�o�p�u�l�a�t�i�o�n� �<�.�0�0�1� 

�{�a�)� �?� �=� �A�d�u�l�t� �f�e�r�n�a�l�e�s�,� �°� �=� �A�d�u�l�t� �m�a�l�e�s�,� �M�4� �=� �M�e�d�i�u�s�-�s�i�z�e� 
�n�y�a�p�h�s�,� �S� �=� �S�m�a�l�l� �n�y�a�p�h�s�.



 ��3�4�-� 

�f�a�b�l�e� �2� �-� �D�i�s�p�e�r�s�i�o�n� �i�n�d�i�c�e�s� �a�c�c�o�r�d�i�n�g� �t�o� �f�e�m�a�l�e� 
�r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e�.� �(�a�)� 

� � 

�R�e�p�r�o�-� 

� � 

� � � � 

� � � � 

� � � � 

�d�u�c�t�i�v�e� �D�e�l�t�a� �V�a�l�u�e�s� �S�i�g�n�i�f�i�c�a�n�c�e� �L�e�v�e�l�s� 
�s�t�a�t�e� �;� 

�@�.� �8� �M�S�s� �g� �3� �M� �S�s� 
�A� �-� �-� �-� �-� �4�4�7� �5�S� �=� �-� �-�  ¬�.�0�0�1� �3� �S� 
�f�e�m�a�l�e�s� �~� �-� �2�2�4�1�.�4�1�]� �4� �~� �-� �<�2�0�0�1� �<�.�0�1�0� �j� �&� 
�w�i�t�h�o�u�t� �-� �.�3�5� �.�3�7� �.�3�4� �|� �2� �-� �<�.�1�0�0� �<�.�1�0�0� �5�.�1�0�0� �|� �2� 
�o�o�t�h�e�c�a�e� �.�2�5� �.�3�1� �.�3�2� �.�3�1� �j� � �»�>�.�1�0�0� �<�.�0�1�0� �<�.�0�1�0� �<�.�0�1�0� �|� 

�P�o�p�o�l�a�t�i�o�n� �=� �.�3�6� �P�o�p�u�l�a�t�i�o�n� �<�.�0�0�1� 

�g�g� �H�S� �g� �g� �M� �S� 
�B�-� �-� �-� �=�-� �.�5�3� �4�S� �~� �~� �-� �£ ¬�.�0�0�1� �4�]� �S�$� 
�f�e�n�a�i�e�s� �-� �~� �4�7� �.�5�0� �|� �A� �-� �-�  ¬�.�9�0�1� �¢�<�.�0�0�1� �|� �&�M� 
�w�i�t�h� �~� �2�.�3�2� �2�3�6� �.�3�3� �|� �2�?� �-� �3�2�1�0�0� �<�.�1�0�0� �<�.�0�1�0� �{� �2� 
�i�m�m�a�t�u�r�e� �.�5�3� �.�3�8� �.�4�7� �.�5�4� �4�9�2�9� �<�.�0�0�1� �<�.�0�1�0� �<�.�0�1�0� �<�.�0�0�1� �4� �?� 
�c�o�t�h�e�c�a�e� 

�P�o�p�u�l�a�t�i�o�n� �=� �.�4�7� �P�o�p�u�l�a�t�i�o�n� �<�.�0�0�1� 

�2�_�F� �8�S� �g� �g� �M�S�S� 
�C�c� �-� �-� �o�o� �-� �4�9� �4� �8�S� �~� �-� �-�  ¬�.�0�1�0� �4� �S� 
�f�e�m�a�l�e�s� �-� �-� �4�0� �.�4�4� �|� �A� �-� �-�  ¬�.�0�1�0� �<�.�0�0�1� �|� �4�M� 
�w�i�t�h� �-� �«�9�2�6� �.�3�0� �.�3�4� �j� �¢� �-� �>�2�1�0�0� �>�.�1�0�0� �>�.�1�0�0� �j� �2� 
�m�a�t�u�r�e� �2�3�9� �.�3�2� �.�4�0� �~�£�4�5� �]� �?� �<�.�0�5�0� �5�.�1�0�0� �<�.�0�1�0� �<�.�0�1�0� �|� �?� 
�o�o�t�h�e�c�a�e� 

�P�o�p�u�l�a�t�i�o�n� �=� �.�4�1� �P�o�p�u�l�a�t�i�o�n� �<�.�0�1�0� 

� � 

�(�a�)� �¢� �=� �A�d�u�l�t� �f�e�m�a�l�e�s�,� �¢� �=� �A�d�u�l�t� �m�a�l�e�s�,� �M� �=� �M�e�d�i�u�m�-�s�i�z�e� 
�n�y�m�p�h�s�,� �S� �=� �S�m�a�l�l� �n�y�m�p�h�s�.



 ��3�5�-� 

�T�a�b�l�e� �3� �-� �D�i�s�p�e�r�s�i�o�n� �i�n�d�i�c�e�s� �f�o�r� �p�o�p�u�l�a�t�i�o�n�s� �w�i�t�h� 
�n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s� �(�A�)�.� 

� � 

�F�e�a�a�l�e� �I�n�t�e�r�-� �a�n�d� �I�n�t�r�a�-�C�o�s�g�p�o�n�e�n�t� �P�o�p�u�l�a�t�i�o�n� 
�D�e�n�s�i�t�y� �D�e�i�t�a� �V�a�l�u�e�s� �(�a�)� �D�e�l�t�a� �V�a�l�u�e� 

� � 

� � � � 

� � �£�_�_�_�2� �X�s� 

� � 

�-� �-� �-�5�6� �.�5�0� �1� �4� 
�4� �-� �2�-�5�0� �.�5�5� �.�5�1� �1�2� �d�=� �.�5�2� 

�-�4�4� �2�.�5�1� �.�5�0� �2�.�5�1� �|�e� 

�2� �g� �4� �=� 

�-� �-� �»� �3�6� �2�4�0� �j� �P�|� 

�8� �-� �e�2�7�7� �8�2�2�9�)� �2�2�2� �1�d� �a�d� �=� �.�3�3� 
�2�3� �2�9� �.�2�7� �+�)� �2�2�6� �i� �?� 

�-� �-� �-� �3�8� �j�s� 
�a�l� �=� �~� �3�0� �o�3�2� �|� �M� 

�1�6� �-� �2�3�0� �.�2�8� �2�2�8� �i� �2� �d� �=� �.�2�9� 
�|� �?� �~�2�4� �.�2�8� �4�.�2�9� �.�2�8� 

� � 

�{�a�}� �?� �=� �A�d�u�l�t� �f�e�m�a�l�e�s�,�  �� �=� �A�d�u�l�t� �w�a�l�e�s�,� �M� �=� �M�e�d�i�u�n�m�-�s�i�z�e� 
�n�y�a�p�h�s�,� �S� �=� �S�m�a�l�l� �n�y�a�p�h�s�.



�-�3�6�-� 

�f�a�b�l�e� �4�  �� �D�i�s�p�e�r�s�i�o�n� �i�n�d�i�c�e�s� �f�o�r� �p�o�p�u�l�a�t�i�o�n�s� �w�i�t�h� �f�e�m�a�l�e�s� 
�b�e�a�r�i�n�g� �i�a�s�a�t�u�r�e� �o�o�c�t�h�e�c�a�e� �(�B�)�.� 

� � 

�F�e�r�n�a�l�e� �i�a�t�e�r�-� �a�n�d� �I�a�g�t�r�a�-�C�o�r�m�p�o�n�e�n�t� 
�D�e�n�s�i�t�y� �D�e�l�t�a� �V�a�l�u�e�s� �(�a�)� 

�g�o�s� 
�-� �-� �~� �~� �3�8� �i�s� 
�-� �-� �4�8� �4�4�5� �j� �4� 

�4� �-� �2�-�3�1� �~�3�8� �3�0� �j� �J� 

�4�5� �.�4�0� �.�8�4� �2�.�3�9� �1� �2� 

�¢� �g� �M� �s�.� 
�-� �-� �-� �«�4�2� �1�s� 

�8� �-� �2�3�2� �2�3�8� �=� �4�3�6� �1� �3� 
�2�4�4� �#�3�5� �.�4�0� �.�4�6� �j�}� �2� 

�g�M� �3� 

�-� �-� �2�-�5�2� �2�6�2� �|� �M�s� 
�1�6� �-� �3�3� �2�3�4� �=� �2�3�3� �|� �2� 

�5�2� �6�2� �1�?� 

�P�o�p�n�l�a�t�i�o�n� 
�D�e�l�t�a� �V�a�l�u�e� 

� � � � 

� � 

� � 

� � 

�~�5�3�6� �.�3�9� 

�d�=� �4�2� 

�d�=� �.�4�1� 

�d� �=� �.�5�5� 

� � 

�{�a�)� �?� �=� �A�d�u�l�t� �f�e�m�a�l�e�s�,�  �� �=� �A�d�u�l�t� �m�a�l�e�s�,� �M� �=� �M�e�d�i�u�m�-�s�i�z�e� 
�n�y�a�p�h�s�,� �S� �=� �S�m�a�l�l� �n�y�a�p�h�s�.



 ��3�7�-� 

�T�a�b�l�e� �5� �-� �D�i�s�p�e�r�s�i�o�a� �i�n�d�i�c�e�s� �f�o�r� �p�o�p�u�l�a�t�i�o�n�s� �w�i�t�h� 
�f�e�m�a�l�e�s� �b�e�a�r�i�n�g� �m�a�t�u�r�e� �o�o�t�h�e�c�a�e� �{�C�)�.� 

� � 

�F�e�u�a�l�e� �I�n�t�e�r�-� �a�n�d� �T�a�t�r�a ��C�o�m�p�o�n�e�n�t� �P�o�p�u�l�a�t�i�o�n� 
�D�e�n�s�i�t�y� �D�e�l�t�a� �V�a�l�u�e�s� �{�a�)� �D�e�i�t�a� �V�a�l�u�e� 

�"�  �� �a�h� 
� � 

� � �n�a�e�e�n�e�e�a�a�n� 
�2�.� �o�t� �M� �S� 

� � 

� � 

�-� �-�4�1� �#�4�5� 
�-� �~� �2�3�9� �3�9� �{�|� �M� 

�4� �-� �2�5� �.�3�0� �.�3�3� �1�0� �d� �=� �.�3�6� 
�2�3�3� �8�2�0�4�2� �2�2�9�0�0� �2�3�6�]� 

�9�.� �2� �M�m� �g� 
�-� �-� �-� �2�4�4� �|� �s� 
�-� �-� �0�3�2� �2�1�3�5� �|� �m�M� 

�8� �-� �2�3�0� �4�.�2�8� �«�2�3�7� �1� �2� �d� �=� �.�3�4� 
�2�3�7� �.�3�4� �1�.�3�1� �.�4�0� �4�?� 

 ��£� �J�Z� �M� �3� 
�-� �-� �-� �3�9� �1�s� 
�=� �~ �� �2�5�1�i� �-� �5�6� �I� �M� 

�1�6� �-� �e�2�3�0� �2�3�3�)� �6�3�3� �i� �2�3� �d�=� �.�4�7� 
 ��4�0� �.�2�9� �£�4�7�)� �«�2�4�9� �'� �2�?� 

�(�a�)� �?� �=� �A�d�u�l�t� �f�e�m�a�l�e�s�,� �¢� �=� �A�d�u�l�t� �m�a�l�e�s�,� �M� �=� �M�e�d�i�u�s�-�s�i�z�e� 
�n�y�a�p�h�s�,� �S� �=� �S�m�a�l�l� �n�y�a�p�h�s�.



�F�I�G�U�R�E�S� �F�O�R� �G�R�O�U�P� �F�O�R�M�A�T�I�O�N� 

�-�~�3�8�-



�-�3�9�-� 

� � � � � � 
� � � � 

� � � � � � 
� � 

�4�0�;� �J�  �� �4� �F�e�m�a�l�e�s� 
�3�0�;� 

�2�0�+� 

�1�0� 

�a� �L�t�t�  �� �|� 

�2� �8� �F�e�m�a�l�e�s� �5� �3�0�7�,� �|�.� �m�7� 
�g� 

�5� �2�0�:� 
�£� 

�1�0�;� 

�&� �4�0�5� �_� �|� �I�S� �F�e�m�a�l�e�s� 

� � 

� � � � � � � � 

�3�0�7� 

�2�0�°� 

�1�0�+� 

�(�2�3�4�o�t�r� �!�|�2�3�4�a�t� �|�2�3�4�o�0�u�t� �|� �2� �3� �4�o�u�t� 
�a�d�u�l�t� �a�d�u�l�t� �m�e�d�i�u�m� �s�m�a�l�l� 
�f�e�m�a�l�e�s� �m�a�l�e�s� �n�y�m�p�h�s� �n�y�m�p�h�s� 

� � � � � � 
� � � � 

�F�i�g�u�r�e� �1� �-� �P�E�R�C�E�N�T�A�G�E� �O�F� �E�A�C�H� �C�O�M�P�O�N�E�N�T� �O�F� �C�O�C�K�R�O�A�C�H� �P�O�P�U�L�A�T�I�O�N�S� �I�N� �F�O�U�R� 
�S�H�E�L�T�E�R�S� �(�1�-�4�)� �F�R�O�M� �E�X�P�E�R�I�M�E�N�T�S� �I�N� �W�H�I�C�H� �A�D�U�L�T� �F�E�M�A�L�E� �D�E�N�S�I�T�Y� 
�W�A�S� �V�A�R�I�E�D�.



�-�4�0�-� 

�A� �(�N�o� �o�c�o�t�h�e�c�a�e�)�  �� 

�T�n�L� �i�t�h� � � � � 
� � 

� � � � � � � � � � � � 
� � � � 

� � � � 
� � 

 �� 

�4�0�:�  �� �8�B� �(�I�m�m�a�t�u�r�e� �o�o�t�h�e�c�a�e�)� 
�J� 

�3�0� 
�~�~�]�  �� 

�P�]� 

�=� �2�0� �2� 
�s� 

�}�O�7� �i�n� 

�3� �|� �{�_� �|� �|� �|� �|� 

�§� 
�5� �|� �C� �(�M�a�t�u�r�e� �o�c�o�t�h�e�c�c�e�)� 
�a� 

�3�0� 

�2�0� 

�i�o� 

�1�2� �3�4�o�t� �1�2�3� �4�o�t� �|� �2� �3�4� �c�o�t� �%�I�!�|� �2� �3� �4�o�u�t� 
�a�d�u�l�t� �a�d�u�i�t� �m�e�d�i�u�m� �s�m�a�l�!� 
�f�e�m�a�l�e�s� �m�a�l�e�s� �n�y�m�p�h�s� �n�y�m�p�h�s� 

�F�i�g�u�r�e� �2� �-� �P�E�R�C�E�N�T�A�G�E� �O�F� �E�A�C�H� �C�O�M�P�O�N�E�N�T� �O�F� �C�O�C�K�R�O�A�C�H� �P�O�P�U�L�A�T�I�O�N�S� �I�N� �F�O�U�R� 
�S�H�E�L�T�E�R�S� �(�1�-�4�)� �F�R�O�M� �E�X�P�E�R�I�M�E�N�T�S� �I�N� �W�H�I�C�H� �A�D�U�L�T� �F�E�M�A�L�E� 
�R�E�P�R�O�D�U�C�T�I�V�E� �S�T�A�T�E� �W�A�S� �V�A�R�I�E�D�,



�-�4�]�-� 

� � � � � � � � � � � � � � 

� � � � � � � � � � 

�6�0�r �� 

�5�0�4�  �� 

�]� �4� �F�e�m�a�l�e�s� 
�4�0�;�  �� 

�3�0�4� �|� 

�2�0�;� 

�1�0�:� 

�r�i�t�)� 

�5�0�7�-�7� 
�2� 
�B� �4� �7� �8� �F�e�m�a�l�e�s� 
�5�  �� �3� �=� �3�0�-� 

�S�s� �2�0�-� 

�c� 
�o� �1�0�4� 
�®� 

�o�.�.� 

�T�)�  �� 
�5�0�}� �1�6� �F�e�m�a�l�e�s� 

�|� �7� 

�4�0�  �� 

�3�0�-� 

�2�0�-� 

�1�0�+� � � � � � � � � � � � � � � � � � � 
�|� �2�3� �4�u�t� �1�2�3� �4�o�u�t� �|� �2� �3� �4�0�u�t� �|� �2�3� �4� �o�u�t� 

�a�d�u�l�t� �a�d�u�i�t� �m�e�d�i�u�m� �s�m�a�l�l� 
�f�e�m�a�l�e�s� �m�a�l�e�s� �n�y�m�p�h�s� �n�y�m�p�h�s� 

�F�i�g�u�r�e� �3� �-� �P�E�R�C�E�N�T�A�G�E� �O�F� �C�O�M�P�O�N�E�N�T�S� �O�F� �P�O�P�U�L�A�T�I�O�N�S� �I�N� �F�O�U�R�  ��R�E�-�N�U�M�B�E�R�E�D �� 
�S�H�E�L�T�E�R�S� �(�1�-�4�)� �F�R�O�M� �E�X�P�E�R�I�M�E�N�T�S� �I�N� �W�H�I�C�H� �A�D�U�L�T� �F�E�M�A�L�E� 
�D�E�N�S�I�T�Y� �W�A�S� �V�A�R�I�E�D�.



�~�4�2�-� 

 �� �A� �(�N�o� �o�o�t�h�e�c�a�e�)� 

�4�0�7� �n�y� 

�3�0�4� 

�2�0�;� 

� � � � � � � � � � � � � � � � � � � � 

�6�0�;� 

�B� �(�I�m�m�a�t�u�r�e� 
�o�o�t�h�e�c�c�e�)� 

�4�0�;�  �� �r� 

�3�0�4� 

�5�0�;� 

�I�
n�

d�
i�v

�i�
d�

u�
a�

l�s
� 

�-� 
�o�

f� 
�P

�e
�r�

c�
e�

n�
t� 

�2�0�7� 

� � � � � � � � � � � � � � � � � � 

�5�0� �3� �C� �(�M�a�t�u�r�e� �c�o�t�h�e�c�a�e� 
�4�0� �4� 

�3�0�}� 

�2�0�°� � � � � � � � � � � � � � � � � � � � � 

�1�2�3�4�a�t� �|�!� �2�3� �4�o�0�u�t� �1�2�3� �4�0�o�u�t� �|� �2�3� �4�o�u�t� 
�a�d�u�l�t� �a�d�u�l�t� �m�e�d�i�u�m� �s�m�a�l�l� 

�f�e�m�a�i�e�s� �m�a�l�e�s� �n�y�m�p�h�s� �n�y�m�p�h�s� 

�a� �F�r�G�u�R�e� �4� �-� �P�E�R�C�E�N�T�A�G�E� �O�F� �C�O�M�P�O�N�E�N�T�S� �O�F� �P�O�P�U�L�A�T�I�O�N�S� �I�N� �F�O�U�R�  ��R�E�-�N�U�M�B�E�R�E�D� 
�S�H�E�L�T�E�R�S� �\�l�-�4�)� �F�R�O�M� �E�X�P�E�R�I�M�E�N�T�S� �I�N� �W�H�I�C�H� �A�D�U�L�T� �F�E�M�A�L�E� 
�R�E�P�R�O�D�U�C�T�I�V�E� �S�T�A�T�E� �W�A�S� �V�A�R�I�E�D�.



�-�4�3�-� 

� � 

� � 

� � 

�F�e�m�a�l�e� �R�e�p�r�o�d�u�c�t�i�v�e� �S�t�a�t�e� 

�A� �B� �C� 

�9� �é�d�d� �l�e�e�  �� �T�e�  �� 

�4�9� �X�X�X� �X�X� �x� 

�>� �M�M�M� �S�S�S� �|� �M�M� �s�s� �|� �M� �s�s� 
 ��B�  ��  �� �j�e�e�  �� �j�e�e�  �� 
�o� 

�a� 

�3� �8�9� �x�X� �X�X� �X� 

�t�e� 
�M� �s�s� �|� �M�M� �s�s� �|� �m�M� �S�s� 
 ��  �� �j�e�e�?�  �� �f�e�e�  �� 

�1�6�9�  �� �X�X�X� �X�X� 

�M� �s�s� �}�|�M�M�M� �s�s�s�s� �|� �M�M�M� �s�s�s� � � � � � � � � 

�F�i�c�u�r�e� �5� �-� �R�E�L�A�T�I�V�E� �D�E�G�R�E�E�S� �O�F� �A�G�G�R�E�G�A�T�I�O�N� �D�U�E� �T�O� �C�O�M�B�I�N�E�D� �E�F�F�E�C�T�S� �O�F� 
�F�E�M�A�L�E� �D�E�N�S�I�T�Y� �A�N�D� �R�E�P�R�O�D�U�C�T�I�V�E� �S�T�A�T�E�.� �A� �=� �F�E�M�A�L�E�S� �L�A�C�K� 
�O�O�T�H�E�C�A�E�,� �B� �=� �F�E�M�A�L�E�S� �B�E�A�R� �I�M�M�A�T�U�R�E� �O�O�T�H�E�C�A�E�,� �C� �=� �F�E�M�A�L�E�S� 
�B�E�A�R� �M�A�T�U�R�E� �O�O�T�H�E�C�A�E�.� �A�B�S�E�N�C�E� �O�F� �T�H�E� �F�O�L�L�O�W�I�N�G� �S�Y�M�B�O�L�S� 
�I�N�D�I�C�A�T�E�S� �N�O� �A�G�G�R�E�G�A�T�I�O�N�,� �M�A�N�Y� �S�Y�M�B�O�L�S� �I�N�D�I�C�A�T�E� �M�U�C�H� 

�A�G�G�R�E�G�A�T�I�O�N�:� �X� �*� �T�O�T�A�L� �P�O�P�U�L�A�T�I�O�N�,� �=� �A�D�U�L�T� �F�E�M�A�L�E�S�,� 

�=� �A�D�U�L�T� �M�A�L�E�S�,� �M�M� �=� �M�I�D� �I�N�S�T�A�R�S�,� �S� �=� �S�M�A�L�L� �N�Y�M�P�H�S�,� 

� 



�A�P�P�E�N�D�I�X� �-� �S�T�A�T�I�S�T�I�C�A�L� �M�E�T�H�O�D�S� 

�T�h�e� �I�;�-�i�n�d�e�x� �w�a�s� �p�r�o�p�o�s�e�d� �b�y� �M�o�r�i�s�i�t�a� �a�s� �a� �m�e�a�s�u�r�e� �o�f� 

�t�h�e� �d�i�s�p�e�r�s�i�o�n� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �i�n� �a� �p�o�p�u�l�a�t�i�o�n� �{�M�o�r�i�s�i�t�a� 

�1�9�5�9�,� �1�9�6�2�)�.� �T�h�e� �i�n�d�e�x� �i�s� �c�a�l�c�u�l�a�t�e�d� �a�s� �f�o�l�l�o�w�s�:� 

�g� 
�T�g� �=�q� �B�D� �x�X� �(�%�-�0� 

�i�=�1�  � �� 
�T� �(�T�-�1�)� 

�w�h�e�r�e� �x�.� �i�s� �t�h�e� �n�u�m�b�e�r� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �i�n� �t�h�e� �i�t�h� �s�a�m�p�l�e� �a�n�i�t� 

�(�i�=�1�,�-�<�2�2�,�9�)�,� �¢� �i�s� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �s�a�m�p�l�e� �u�n�i�t�s�,� �a�n�d� �T� �i�s� 

�t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �o�r� �q�=�2�x�,�.�=�x�,� 

�i�n� �t�h�i�s� �a�p�p�l�i�c�a�t�i�o�n�,� �<�S�&� �m�e�a�s�u�r�e�s� �t�h�e� �d�i�s�p�e�r�s�i�o�n� �o�f�r� 

�d�i�s�t�r�i�b�u�t�i�o�n� �p�a�t�t�e�r�n�,� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �o�f� �d�i�f�f�e�r�e�n�t� �c�o�m�p�o�n�e�n�t�s� 

�a�m�o�n�g� �f�o�u�r� �h�o�m�o�g�e�n�o�u�s� �s�h�e�l�t�e�r�s�.� 

�d�O� �i�s� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �t�h�a�t� �a�n�y� �p�a�i�r� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �f�r�o�m� 

�t�h�e� �p�o�p�u�l�a�t�i�o�n� �w�i�l�l� �b�e� �f�o�u�n�d� �t�o�g�e�t�h�e�r� �i�n� �t�h�e� �s�a�n�e� 

�s�h�e�l�t�e�r�.� �I�t� �i�s� �d�e�t�e�r�g�i�n�e�d� �b�y� �t�h�e� �r�a�t�i�o� �o�f� �B�,� �t�h�e� �n�u�a�b�e�r� 

�o�f� �d�i�s�t�i�n�c�t� �p�a�i�r�s� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �i�n� �t�h�e� �s�a�m�e� �s�h�e�i�t�e�r�,� 

�t�o� �D�,� �t�h�e� �n�u�n�b�e�r� �o�f� �d�i�s�t�i�n�c�t� �p�a�i�r�s� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �i�n� 

�t�h�e� �p�o�p�u�l�a�t�i�o�n�.� 

�d�;� �i�s� �t�h�e� �i�n�t�r�a�-�c�o�m�p�o�n�e�n�t� �d�i�s�p�e�r�s�i�o�n� �i�n�d�e�x�.� �T�h�i�s� �g�i�v�e�s� �t�h�e� 

�p�r�o�b�a�b�i�l�i�t�y� �t�h�a�t� �a�n�y� �t�w�o� �i�n�d�i�v�i�d�u�a�l�s� �o�f� �t�h�e� �s�a�m�e� 

�c�o�z�g�p�o�n�e�n�t� �i� �a�r�e� �f�o�u�n�d� �i�n� �t�h�e� �s�a�m�e� �s�h�e�l�t�e�r� �b�y� �t�h�e� �r�a�t�i�o� 

 ��~�y�y�-



 ��4�5 �� 

�R�;� �t�o� �D�;�.� �R�-� �i�s� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�s�t�i�n�c�t� �p�a�i�r�s� �o�f� 

�i�n�d�i�v�i�d�u�a�l�s� �o�f� �c�o�m�p�o�n�e�n�t� �i� �i�n� �t�h�e� �s�a�m�e� �s�h�e�l�t�e�r� �w�h�e�r�e�a�s� 

�D�.� �i�s� �t�h�e� �n�u�m�b�e�r� �o�f� �d�i�s�t�i�n�c�t� �p�a�i�r�s� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �o�f� 

�c�o�m�p�o�n�e�n�t� �i� �i�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n�.� 

�i�s� �t�h�e� �i�n�t�e�r�-�c�o�m�p�o�n�e�n�t� �d�i�s�p�e�r�s�i�o�n� �i�n�d�e�x�.� �T�h�i�s� 

�c�j� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �n�u�a�g�b�e�r� �o�f� �p�a�i�r�s� �o�f� �i�n�d�i�v�i�d�u�a�l�s�,� �o�n�e� �o�f� 

�c�o�m�p�o�n�e�n�t� �i� �a�n�d� �o�n�e� �o�f� �c�o�g�p�o�n�e�n�t� �j� �{�i�#�j�)�,� �f�o�u�n�d� �i�n� �t�h�e� 

�s�a�m�e� �s�h�e�l�t�e�r� �d�i�v�i�d�e�d� �b�y� �t�h�e� �t�o�t�a�l� �p�o�s�s�i�b�l�e� �p�a�i�r�s� �o�f� 

�c�o�m�p�o�n�e�n�t�s� �i� �a�n�d� �j�.� 

�M�a�t�h�e�m�a�t�i�c�a�l�l�y�:� �o�d� �=�R�/�D�,� �o�J�;� �=�B�8� �/�D�;�,� �a�n�d� �9�%�;� �=�B�y�;� �/�D�z�;� 

�w�h�e�r�e�,� �f�o�r� �o�n�l�y� �o�n�e� �r�e�p�l�i�c�a�t�e�:� 

�R�B� �=�2�R�,� �(�x�.� �~� �1�}� �/�2� �D� �=� �K�e�e� �(�X�2�.�2�7�1�)� �/�2� 

�R�e� �=�X�,� �(�x�,�,� �1�)� �/�2� �D�i� �=� �x�,� �(�x�;� �-�1�)�/�2� 

�R�.�;� �2�4�,� �K�x� �»� �i�#�j� �D�e�p� �=� �(�8� �0� �O�G�)� 

�a�n�d� 

�x�,�,� �=� �t�h�e� �n�u�m�b�e�r� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �o�f� �c�o�g�p�o�n�e�n�t� �i� �i�n� �s�h�e�l�t�e�r� 

�k� �w�h�e�r�e� �i�=�1� �{�a�d�u�l�t� �f�e�m�a�l�e�s�)�,� �2� �{�a�d�u�l�t� �s�a�l�e�s�)�,� 

�3� �{�m�e�d�i�u�m� �n�y�a�p�h�s�)�,� �o�r� �4� �{�s�m�a�l�l� �n�y�m�p�h�s�)� �a�n�d� 

�k�=�s�h�e�l�t�e�r� �1�,�.�.�.�,�t�.� 

�x�,� �=� �2�X�,�,� �=� �t�h�e� �n�u�m�b�e�r� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �o�f� �c�o�m�p�o�n�e�n�t� �i� �i�n� 

�a�n�y� �s�h�e�l�t�e�r� �w�h�e�r�e� �i�=�1�,�.�.�.�,�4�.� 

�K�X�,� �=� �2�X� �=� �t�h�e� �n�u�a�b�e�r� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �o�f� �a�n�y� �c�o�m�p�o�n�e�n�t� 

�i�n� �s�h�e�l�t�e�r� �k� �w�h�e�r�e� �k�=�1�,�.�.�.�,�t�.� 

�T�=� �n�e�e� �=� �2�2�x�,� �=� �2�k�,� �=� �2�x�,� �=� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� 

�i�n�d�i�v�i�d�u�a�l�s� �o�f� �a�n�y� �c�o�m�p�o�n�e�n�t� �i�n� �a�n�y� �o�f� �t�h�e



�-�4�6�p�-� 

�s�h�e�l�t�e�r�s�.� 

�T�h�e�s�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �c�a�n� �h�e� �v�i�s�u�a�l�i�z�e�d� �b�e�s�t� �i�n� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �t�a�b�l�e�:� 

� � 

� � 

�c�o�r�p�o�n�e�n�t� �j� �s�h�e�l�t�e�r� �(�{�k�)�}� 
�(�i�)� �}� �1� �2� �3� �j� �x�e�.� 

�j� �i� 
�j� �]� 

�1� �|� �x� �x� �x� �x� �i� �x� 
�1� �1�1� �1�2� �1�3� �1�4� �j� �1�:� 
�|� �j� 

�2� �j� �-�  ��_� �-� �-� �}�]� �«�x� 
�{� �i� �2�°� 

�-� �4� �{�x�;�,�)� �i� 
�3� �j� �~� �-� �-� �-� �i� �x� 

�|� �i� �3�°� 
�{� �|� 

�4� �i� �x� �x� �x� �x� �}� �«�x� 
�j� �G�j� �4�2� �4�3� �8�&� �j� �y�e� 
�i� �i� 
�i� �|� 

�p�o�p�u�l�a�t�i�o�n� �|�]� �x�X� �x� �x� �x� �1� �<�X�.�-�.� 
�(�x�,�,�)� �j� �1� �-�2� �°�3� �4� �j� 

�T�h�e� �b�i�o�l�o�g�i�c�a�l� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �i�s� �t�h�a�t� �t�h�e�r�e� �i�s� �a�n� 

�e�q�u�a�l� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �a�n� �i�n�d�i�v�i�d�u�a�l� �x�;� �e�n�t�e�r�i�n�g� �a�n�y� �s�h�e�l�t�e�r� �k� 

�(�k�=�1�,�0�2�2�,�t�)�.� �T�h�i�s� �t�a�k�e�s� �t�h�e� �f�o�r�m� �p�,� �=� �l�y�t� �f�o�r� �a�l�l� �k�.� 

�U�n�d�e�r� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �o�f� �i�n�d�e�p�e�n�d�e�n�c�e� �t�h�e� �e�x�p�e�c�t�e�d� �v�a�l�u�e� 

�o�f� �S� �i�s� �y�t�,� �o�f� �d�;� �i�s� �t�l�y�t�,� �a�n�d� �o�f� �c�v�;� �i�s� �1�/�t�.� �D�e�l�t�a� 

�v�a�l�u�e�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �l�y�t� �i�n�d�i�c�a�t�e� �r�a�n�d�o�n� 

�d�i�s�p�e�r�s�i�o�n� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �a�n�d� �i�t�s� �c�o�m�p�o�n�e�n�t�s� �a�m�o�n�g� �t�h�e� �t� 

�s�h�e�l�t�e�r�s�.� �D�e�l�t�a�.� �v�a�l�u�e�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �t�h�a�a� �1�/�t� �i�n�d�i�c�a�t�e� 

�u�n�d�e�r�d�i�s�p�e�r�s�i�o�n� �o�r� �a� �r�e�g�u�l�a�r� �s�p�a�t�i�a�l� �p�a�t�t�e�r�n�.� �D�e�l�t�a� �v�a�l�u�e�s� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �1�/�t� �i�n�d�i�c�a�t�e� �o�v�e�r�d�i�s�p�e�r�s�i�o�n� �o�r� �a�n� 

�a�g�g�r�e�g�a�t�e�d�/�c�l�u�m�p�e�d� �p�a�t�t�e�r�n�.



�-�~�7�J�-� 

�P�o�o�l�e�d� �v�a�l�u�e�s� �o�f� �e�a�c�h� �o�f� �t�h�e� �r�e�p�l�i�c�a�t�e�s� �w�e�r�e� �d�e�r�i�v�e�d� �b�y� 

�c�a�l�c�u�l�a�t�i�n�g� �w�e�i�g�h�t�e�d� �a�v�e�r�a�g�e�s� �o�f� �t�h�e� �d�'�s�.� �T�h�e� �a�b�o�v�e� �n�u�l�l� 

�h�y�p�o�t�h�e�s�i�s� �h�o�l�d�s� �t�r�u�e� �f�o�r� �t�h�e� �p�o�o�l�e�d� �r�e�p�l�i�c�a�t�e�s�.� 

�I�n� �t�h�i�s� �e�x�p�e�r�i�g�e�n�t�,� �f�o�u�r� �s�h�e�l�t�e�r�s� �w�e�r�e� �u�s�e�d� �s�o� �t�=�4�.� �T�h�e� 

�n�a�i�l� �h�y�p�o�t�h�e�s�i�s� �b�e�c�o�g�s�e�s� �H�,�:� �6� �=�1�/�4�=�0�.�2�5�,� �H�,�:�¢�5�>�0�.�2�5�.� �<�A� �m�o�r�e� 

�d�e�t�a�i�l�e�d� �e�x�p�l�a�n�a�t�i�o�n� �o�f� �t�h�e� �d�e�r�i�v�a�t�i�o�n� �o�f� �t�h�e�s�e� �s�t�a�t�i�s�t�i�c�s� 

�a�n�d� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l�s� �i�s� �i�n� �p�r�e�p�a�r�a�t�i�o�n� 

�(�H�o�l�t�z�m�a�n� �e�t� �a�l�.� �u�n�p�u�b�l�i�s�h�e�d�)�.



�P�A�R�T� �I�I� �-� �D�I�S�P�E�R�S�A�L� �F�R�O�M� �A� �H�A�R�B�O�R�A�G�E� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�f�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�,� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� �(�L�.�)� �h�a�s� �b�e�e�n� 

�a�n� �i�m�p�o�r�t�a�n�t� �u�r�b�a�n� �p�e�s�t� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �h�i�s�t�o�r�y� �o�f� �m�a�n� 

�(�C�o�r�n�w�e�l�l� �1�9�6�8�)�.� �T�h�e� �r�e�a�s�o�n�s� �f�o�r� �t�h�e� �c�o�c�k�r�o�a�c�h�*�s� �s�u�c�c�e�s�s� 

�a�r�e� �n�u�m�e�r�o�u�s�.� �T�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h� �h�a�s� �r�e�a�d�i�l�y� �a�d�a�p�t�e�d� �t�o� 

�M�a�n�*�s� �e�n�v�i�r�o�n�g�e�n�t�.� �F�o�o�d� �a�n�d� �w�a�t�e�r� �s�o�u�r�c�e�s� �a�r�e� �i�n�v�a�r�i�a�b�l�y� 

�a�v�a�i�l�a�b�l�e� �i�n� �h�u�m�a�n� �e�s�t�a�b�l�i�s�h�n�e�n�t�s�.� �T�h�e� �a�d�v�e�n�t� �o�f� �c�e�n�t�r�a�l� 

�h�e�a�t�i�n�g� �h�a�s� �p�r�o�v�e�n� �b�e�n�e�f�i�c�i�a�l� �t�o� �t�h�e� �w�e�l�f�a�r�e� �o�f� �b�l�a�t�t�i�d�s� �a�s� 

�w�e�l�l� �a�s� �h�u�m�a�n�s� �i�n� �p�r�o�v�i�d�i�n�g� �o�p�t�i�m�u�m� �t�e�m�p�e�r�a�t�u�r�e�s� �y�e�a�r� �r�o�u�n�d�.� 

�E�v�e�n� �s�i�z�e� �i�s� �a�n� �i�s�p�o�r�t�a�n�t� �a�s�s�e�t� �i�n� �t�h�e� �a�b�i�l�i�t�y� �o�f� �t�h�e� �G�e�r�m�a�n� 

�c�o�c�k�r�o�a�c�h� �t�o� �g�a�i�n� �a�c�c�e�s�s� �t�o� �s�u�i�t�a�b�l�e� �h�a�r�b�o�r�a�g�e�s�.� �O�v�e�r�l�a�p�p�i�n�g� 

�g�e�n�e�r�a�t�i�o�n�s� �l�e�a�d� �t�o� �a� �p�a�t�t�e�r�n� �o�f� �c�o�n�t�i�n�u�o�u�s� �p�o�p�u�l�a�t�i�o�n� 

�g�r�o�w�t�h�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �g�e�n�e�s� �t�h�a�t� �i�a�p�a�r�t� �r�e�s�i�s�t�a�n�c�e� �t�o� �m�o�s�t� 

�k�n�o�w�n� �i�n�s�e�c�t�i�c�i�d�e�s� �h�a�s� �b�e�e�n� �a�n�o�t�h�e�r� �s�a�j�o�r� �f�a�c�t�o�r� �i�n� �i�t�s� 

�s�u�c�c�e�s�s�.� �F�i�n�a�l�l�y�,� �t�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�*�s� �r�o�l�e� �a�s� �a� �s�t�o�w�a�w�a�y� 

�o�n� �M�a�n�'�s� �t�r�a�n�s�p�o�r�t�s� �h�a�s� �r�e�s�u�l�t�e�d� �i�n� �a� �w�o�r�l�d�-�w�i�d�e� 

�d�i�s�t�r�i�b�u�t�i�o�n�.� �T�h�i�s� �s�p�e�c�i�e�s� �i�s� �b�e�l�i�e�v�e�d� �t�o� �h�a�v�e� �o�r�i�g�i�n�a�t�e�d� 

�i�n� �n�o�r�t�h�e�r�n� �A�f�r�i�c�a� �w�h�e�r�e� �i�t� �s�p�r�e�a�d� �t�o� �E�u�r�o�p�e� �v�i�a� �G�r�e�e�k� �a�n�d� 

�P�h�o�e�n�i�c�i�a�n� �t�r�a�d�e� �r�o�u�t�e�s� �(�R�e�h�n� �1�9�4�5�)�.� �F�r�o�m� �E�u�r�o�p�e�,� �i�t� �s�t�o�w�e�d� 

 ��4�g�-
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�a�w�a�y� �o�n� �t�r�a�d�e� �s�h�i�p�s� �t�o� �t�h�e� �N�e�w� �W�o�r�l�d�.� �T�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h� 

�i�s� �n�o�w� �f�o�u�n�d� �i�n� �e�v�e�r�y� �s�t�a�t�e� �i�n� �t�h�e� �c�o�n�t�i�n�e�n�t�a�l� �U�.�S�.� �S�u�c�h� 

�p�a�s�s�i�v�e� �d�i�s�p�e�r�s�a�l� �s�t�i�l�l� �o�c�c�u�r�s� �t�o�d�a�y�,� �w�h�e�t�h�e�r� �i�t� �b�e� �f�r�o�a� 

�w�a�r�e�h�o�u�s�e�s� �t�o� �g�r�o�c�e�r�y� �s�t�o�r�e�s� �t�o� �h�o�m�e�s� �o�r� �f�r�o�m� �l�o�a�d�i�n�g� �d�o�c�k�s� 

�t�o� �s�h�i�p�s�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �s�u�c�h� �p�a�s�s�i�v�e� �d�i�s�p�e�r�s�a�l�,� �c�o�c�k�r�o�a�c�h�e�s� �a�r�e� 

�q�u�i�t�e� �c�a�p�a�b�l�e� �o�f� �a�c�t�i�v�e� �d�i�s�p�e�r�s�a�l�.� �A�s� �e�a�r�l�y� �a�s� �t�h�e� �1�8�9�0�'�s�,� 

 ��h�o�r�d�e�s�"� �o�f� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�e�s� �w�e�r�e� �r�e�p�o�r�t�e�d�l�y� �s�e�e�n� �c�r�o�s�s�i�n�g� 

�a� �m�u�d�d�y� �s�t�r�e�e�t� �i�n� �a� �c�o�n�t�i�n�u�o�u�s� �s�a�s�s� �t�h�a�t� �l�a�s�t�e�d� �f�o�r� �t�w�o� �t�o� 

�t�h�r�e�e� �h�o�u�r�s� �(�H�o�w�a�r�d� �1�8�9�5�)�.� �T�h�i�s� �i�s� �c�e�r�t�a�i�n�l�y� �a�n� �a�t�y�p�i�c�a�l� 

�c�a�s�e� �o�f� �c�o�c�k�r�o�a�c�h� �m�o�v�e�m�e�n�t�.� �S�c�h�o�o�f� �a�n�d� �S�i�v�e�r�i�y� �(�1�9�5�4�)� �t�r�i�e�d� 

�t�o� �t�r�a�c�e� �t�h�e� �m�o�v�e�m�e�n�t� �o�f� �P�e�r�i�p�l�a�n�e�t�a� �a�m�e�r�i�c�a�n�a� �w�i�t�h�i�n� �a� 

�s�e�v�e�r� �s�y�s�t�e�m� �b�u�t� �w�e�r�e� �u�n�s�u�c�c�e�s�s�f�u�l�.� �T�h�i�s� �c�o�n�t�r�a�s�t�e�d� �w�i�t�h� �a�n� 

�e�x�p�e�r�i�m�e�n�t� �i�n� �T�y�l�e�r�,� �T�e�x�a�s�,� �t�h�a�t� �s�h�o�w�e�d� �w�i�d�e�s�p�r�e�a�d� �d�i�s�p�e�r�s�a�l� 

�o�f� �A�m�e�r�i�c�a�n� �c�o�c�k�r�o�a�c�h�e�s� �f�r�o�m� �s�a�n�h�o�l�e�s� �i�n�t�o� �a�d�j�a�c�e�n�t� �h�o�s�e�s� 

�{�A�n�o�n�y�m�o�u�s� �1�9�5�3�)�.� �J�a�c�k�s�o�n� �a�n�d� �M�e�i�e�r� �(�1�9�5�5�)� �c�o�n�f�i�r�m�e�d� �t�h�e� 

�T�y�l�e�r� �P�r�o�j�e�c�t�.� �T�h�e�y� �f�o�u�n�d� �c�o�n�s�i�d�e�r�a�b�l�e� �d�i�s�p�e�r�s�a�l� �f�r�o�m� �t�h�e� 

�r�e�l�e�a�s�e� �s�i�t�e� �d�i�d� �o�c�c�u�r�,� �b�u�t� �o�n�l�y� �w�h�e�n� �m�a�r�k�e�d� �c�o�c�k�r�o�a�c�h�e�s� 

�w�e�r�e� �a�d�d�e�d� �o�n� �t�o�p� �o�f� �a�n� �a�l�r�e�a�d�y� �e�x�i�s�t�i�n�g� �p�o�p�u�l�a�t�i�o�n�.� 

�S�o�m�e� �w�o�r�k� �h�a�s� �b�e�e�n� �d�o�n�e� �o�n� �s�h�o�r�t� �r�a�n�g�e� �d�i�s�p�e�r�s�a�l� �a�n�d� 

�t�h�e� �d�a�i�l�y� �m�o�v�e�m�e�n�t�s� �o�f� �c�o�c�k�r�o�a�c�h�e�s� �f�r�o�m� �h�a�r�b�o�r�a�g�e�s�.� �B�u�l�o�w� 

�a�n�d� �H�a�g�g�i�n�s� �(�1�9�6�8�)� �f�o�u�n�d� �o�n�l�y� �m�o�d�e�r�a�t�e� �m�o�v�e�m�e�n�t� �o�f� �S�u�p�e�l�l�a� 

�l�o�n�g�i�p�a�l�p�a� �a�n�d� �v�e�r�y� �l�i�t�t�l�e� �m�o�v�e�m�e�n�t� �o�f� �P�e�r�i�p�l�a�n�e�t�a� �a�m�e�r�i�c�a�n�a� 

�b�e�t�w�e�e�n� �r�o�o�m�s� �o�f� �a� �b�u�i�l�d�i�n�g�.� �S�e�v�e�r�a�l� �w�o�r�k�e�r�s� �h�a�v�e� �f�o�u�n�d� �t�h�a�t� 

�G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�e�s� �w�i�l�l� �w�o�v�e� �f�r�e�e�l�y� �w�i�t�h�i�n� �a�n�d� �b�e�t�w�e�e�n
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�a�p�a�r�t�m�e�n�t�s� �(�O�w�e�n�s� �1�9�8�0�;� �A�k�e�r�s� �a�n�d� �R�o�b�i�n�s�o�n� �1�9�8�1�;� �F�a�r�m�e�r� 

�1�9�8�2�;� �R�u�n�s�t�r�o�m� �p�e�r�s�.� �c�o�m�a�.�;� �Z�u�n�g�o�l�i� �p�e�r�s�.� �c�o�m�m�.�)�.� �I�n� 

�B�u�l�t�i�p�l�e� �u�n�i�t� �d�w�e�l�l�i�n�g�s�,� �o�n�e� �p�a�r�t�i�c�u�l�a�r� �a�p�a�r�t�m�e�n�t� �m�a�y� 

�p�r�o�v�i�d�e� �o�p�t�i�a�u�m� �h�a�b�i�t�a�t� �f�o�r� �c�o�c�k�r�o�a�c�h�e�s� �a�n�d� �b�e�c�o�m�e� �a� �"�f�o�c�u�s�"� 

�S�i�t�e�.� �T�h�e� �s�o�v�e�m�e�n�t� �o�f� �c�o�c�k�r�o�a�c�h�e�s� �m�a�y� �b�e� �d�i�r�e�c�t�e�d� �t�o�w�a�r�d�s� �o�r� 

�a�w�a�y� �f�r�o�m� �s�u�c�h� �f�o�c�i� �w�i�t�h� �f�r�e�e� �i�n�t�e�r�-�m�i�x�i�n�g� �b�e�t�w�e�e�n� �s�e�p�a�r�a�t�e� 

�a�p�a�r�t�m�e�n�t�s� �o�c�c�u�r�r�i�n�g� �(�A�k�e�r�s� �1�9�7�8�)�.� �M�o�v�e�m�e�n�t� �o�f� �c�o�c�k�r�o�a�c�h�e�s� 

�i�s� �m�o�r�e� �p�r�e�v�a�l�e�n�t� �b�e�t�w�e�e�n� �a�p�a�r�t�m�e�n�t�s� �t�h�a�t� �s�h�a�r�e� �p�l�u�m�b�i�n�g� 

�t�h�a�n� �a�p�a�r�t�m�e�n�t�s� �t�h�a�t� �l�a�c�k� �c�o�m�s�g�o�n� �p�l�u�a�b�i�n�g� �{�(�Q�w�e�n�s� �1�9�8�0�;� 

�R�u�n�s�t�o�g� �u�n�p�u�b�l�.�)�.� �A�n�o�t�h�e�r� �s�t�u�d�y� �r�e�p�o�r�t�e�d� �l�e�s�s� �m�o�v�e�m�e�n�t� 

�b�e�t�w�e�e�n� �a�p�a�r�t�a�e�n�t�s� �b�u�t� �m�o�r�e� �s�o�v�e�r�e�n�t� �w�i�t�h�i�n� �t�h�e� �a�p�a�r�t�m�e�n�t�s� 

�-�-� �e�.�g�.� �b�e�t�w�e�e�n� �r�o�o�m�s�.� �T�w�e�l�v�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �t�o�t�a�l� �m�a�r�k�e�d� 

�p�o�p�u�l�a�t�i�o�n� �m�o�v�e�d� �w�i�t�h�i�n� �t�h�e� �a�p�a�r�t�m�e�n�t�.� �O�f� �t�h�o�s�e� �t�h�a�t� �s�o�v�e�d�,� 

�3�3�%� �w�e�r�e� �r�e�c�a�p�t�u�r�e�d� �i�n� �d�i�f�f�e�r�e�n�t� �r�o�o�m�s� �a�n�d� �1�5�%� �w�e�r�e� 

�r�e�c�a�p�t�u�r�e�d� �i�n� �t�h�e� �s�a�m�e� �r�o�o�m� �b�u�t� �a�t� �d�i�f�f�e�r�e�n�t� �l�o�c�a�t�i�o�n�s� 

�(�Z�u�n�g�o�l�i�,� �u�n�p�u�b�l�.�)�.� 

�D�o�m�e�s�t�i�c� �c�o�c�k�r�o�a�c�h� �s�p�e�c�i�e�s� �a�g�g�r�e�g�a�t�e� �w�i�t�h�i�n� �h�a�r�b�o�r�a�g�e�s� 

�b�y� �d�a�y� �a�n�d� �b�e�c�o�m�e� �a�c�t�i�v�e� �a�t� �n�i�g�h�t�.� �T�h�i�s� �c�i�r�c�a�d�i�a�n� �r�h�y�t�h�m� �h�a�s� 

�b�e�e�n� �w�e�l�l� �s�t�u�d�i�e�d� �i�n� �m�a�n�y� �s�p�e�c�i�e�s�.� �G�u�n�n�a� �(�1�9�4�0�)� �i�n�v�e�s�t�i�g�a�t�e�d� 

�t�h�e� �d�a�i�l�y� �a�c�t�i�v�i�t�y� �r�h�y�t�h�m�s� �o�f� �B�l�a�t�t�a� �o�r�i�e�n�t�a�l�i�s�.� �M�u�c�h� �o�f� 

�t�h�e� �w�o�r�k� �h�a�s� �b�e�e�n� �o�n� �P�e�r�i�p�l�a�n�e�t�a� �a�m�e�r�i�c�a�n�a� �(�H�a�r�k�e�r� �1�9�5�4�,� 

�1�9�5�5�,� �1�9�5�6�;� �C�l�o�u�d�s�l�e�y�-�T�h�o�m�p�s�o�n� �1�9�5�3�)�.� �R�o�b�e�r�t�s� �(�1�9�6�0�)� �s�t�u�d�i�e�d� 

�L�e�u�c�o�p�h�a�e�a� �m�a�d�e�r�a�e� �a�n�d� �B�y�r�s�o�t�r�i�a� �F�u�m�i�g�a�t�a� �a�s� �w�e�l�l� �a�s� 

�P�e�r�i�p�l�a�n�e�t�a� �a�m�e�r�i�c�a�n�a�.� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� �h�a�s� �b�e�e�n� �s�t�u�d�i�e�d� 

�b�y� �D�a�r�c�h�e�n� �(�1�9�5�2�)� �a�n�d� �H�o�c�k�i�n�g� �(�1�9�5�8�)�.� �T�h�e�s�e� �s�p�e�c�i�e�s� �a�r�e
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�r�e�l�a�t�i�v�e�l�y� �i�n�a�c�t�i�v�e� �d�u�r�i�n�g� �t�h�e� �d�a�y�.�j� �A� �p�e�a�k� �a�c�t�i�v�i�t�y� �p�e�r�i�o�d� 

�i�n� �m�o�s�t� �c�o�c�k�r�o�a�c�h� �s�p�e�c�i�e�s� �s�t�u�d�i�e�d� �o�c�c�u�r�s� �j�u�s�t� �a�f�t�e�r� �t�h�e� 

�o�n�s�e�t� �o�f� �n�i�g�h�t� �(�C�o�r�n�w�e�l�l� �1�9�6�8�)�.� �A�c�t�i�v�i�t�y� �i�n� �t�h�e� �G�e�r�m�a�n� 

�c�o�c�k�r�o�a�c�h� �i�s� �b�i�g�s�g�o�d�a�l� �w�i�t�h� �o�n�e� �p�e�a�k� �j�u�s�t� �a�f�t�e�r� �s�u�n�s�e�t� �a�n�d� 

�a�n�o�t�h�e�r� �j�u�s�t� �p�r�i�o�r� �t�o� �s�u�n�r�i�s�e� �(�S�o�m�m�e�r� �i�1�9�7�5�a�)�.� �I�t� �i�s� �d�u�r�i�n�g� 

�t�h�e�s�e� �a�c�t�i�v�e� �p�h�a�s�e�s� �t�h�a�t� �s�o�v�e�m�e�n�t� �a�n�d� �d�i�s�p�e�r�s�a�l� �o�c�c�u�r�s�.� 

�H�o�w�e�v�e�r�,� �a�c�t�i�v�i�t�y� �r�h�y�t�h�m�s� �a�r�e� �n�o�t� �a�s� �w�e�l�l� �d�e�f�i�n�e�d� �a�s� �n�i�g�h�t� 

�b�e� �t�h�o�u�g�h�t�.� �R�o�b�e�r�t�s� �(�1�9�6�0�)� �o�n�l�y� �u�s�e�d� �m�a�l�e�s� �i�n� �h�i�s� 

�e�x�p�e�r�i�m�e�n�t�s� �b�e�c�a�u�s�e� �f�e�m�a�l�e�s� �b�e�h�a�v�e�d� �t�o�o� �e�r�r�a�t�i�c�a�l�l�y�.� 

�L�i�k�e�w�i�s�e�,� �L�i�p�t�o�n� �a�n�d� �S�u�t�h�e�r�l�a�n�d� �(�1�9�7�0�)� �c�o�u�l�d� �n�o�t� �f�i�n�d� �a�n�y� 

�c�o�r�r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �a�c�t�i�v�i�t�y� �r�h�y�t�h�s�a�s� �o�f� �f�e�m�a�l�e� 

�P�e�r�i�p�l�a�n�e�t�a� �a�m�e�r�i�c�a�n�a� �a�n�d� �t�h�e� �l�i�g�h�t� �c�y�c�l�e�.� �T�h�e�y� �d�i�d� �d�i�s�c�o�v�e�r� 

�t�h�a�t� �f�e�a�a�l�e�s� �w�i�t�h� �o�o�t�h�e�c�a�e� �a�r�e� �a�o�r�e� �a�c�t�i�v�e� �t�h�a�n� �f�e�m�a�l�e�s� 

�w�i�t�h�o�u�t�.� �F�e�m�a�l�e�s� �w�i�t�h�o�u�t� �o�o�t�h�e�c�a�e� �a�r�e� �r�e�l�a�t�i�v�e�l�y� �q�u�i�e�s�c�e�n�t�.� 

�V�i�r�g�i�n� �f�e�m�a�l�e�s�,� �o�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �d�o� �r�e�s�p�o�n�d� �t�o� �l�i�g�h�t� 

�c�y�c�l�e�s� �w�i�t�h� �a� �c�i�r�c�a�d�i�a�n� �r�h�y�t�h�s�e� �s�i�m�i�l�a�r� �t�o� �w�a�l�e�s�.� �W�i�e�d�e�n�m�a�n�n� 

�a�n�d� �M�a�r�t�i�n� �(�1�9�8�0�)� �d�i�s�c�o�v�e�r�e�d� �t�h�a�t� �v�i�r�g�i�n� �L�e�u�c�o�p�h�a�e�a� �m�a�d�e�r�a� 

�f�e�m�a�l�e�s� �a�l�s�o� �h�a�v�e� �a� �c�i�r�c�a�d�i�a�n� �a�c�t�i�v�i�t�y� �r�h�y�t�h�m�,� �b�u�t� �i�t� �i�s� 

�s�u�p�e�r�i�m�p�o�s�e�d� �o�n� �t�h�e�i�r� �o�v�a�r�i�a�n� �c�y�c�l�e�.� 

�I�t� �i�s� �a�p�p�a�r�e�n�t� �t�h�a�t� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �f�e�m�a�l�e� �c�o�c�k�r�o�a�c�h�e�s� 

�d�i�f�f�e�r�s� �f�r�o�m� �t�h�a�t� �o�f� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n�.� �S�o�m�m�e�r� 

�(�1�9�7�5�a�)� �i�d�e�n�t�i�f�i�e�d� �f�i�v�e� �d�i�f�f�e�r�e�n�t� �c�a�t�e�g�o�r�i�e�s� �o�f� �a� �p�o�p�u�l�a�t�i�o�n� 

�w�i�t�h� �r�e�s�p�e�c�t� �t�o� �l�o�c�o�m�o�t�o�r� �a�c�t�i�v�i�t�y�.� �M�a�l�e�s�,� �f�e�m�a�l�e�s� �w�i�t�h�o�u�t� 

�o�o�t�h�e�c�a�e�,� �f�e�m�a�l�e�s� �w�i�t�h� �o�o�t�h�e�c�a�e�,� �o�l�d� �n�y�s�p�h�s� �(�f�i�f�t�h� �-� �s�i�x�t�h� 

�i�n�s�t�a�r�)�,� �a�n�d� �y�o�u�n�g� �n�y�a�p�h�s� �(�s�e�c�o�n�d� �-� �t�h�i�r�d� �i�n�s�t�a�r�)� �d�i�s�p�l�a�y
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�S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �a�c�t�i�v�i�t�y� �r�h�y�t�h�m�s�.� �D�i�f�f�e�r�e�n�c�e�s� �i�n� 

�b�e�h�a�v�i�o�r� �e�x�t�e�n�d� �b�e�y�o�n�d� �c�i�r�c�a�d�i�a�n� �r�h�y�t�h�m�s�.� �A�l�t�h�o�u�g�h� �n�o�t� �a�n� 

�a�g�o�n�i�s�t�i�c� �s�p�e�c�i�e�s�,� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� �f�e�m�a�l�e�s� �w�i�t�h� �o�o�t�h�e�c�a�e� 

� � 

�a�r�e� �m�o�r�e� �a�g�g�r�e�s�s�i�v�e� �t�h�a�n� �f�e�m�a�l�e�s� �w�i�t�h�o�u�t� �o�o�t�h�e�c�a�e� �(�B�r�e�e�d� �e�t� 

�a�l�.� �1�9�7�5�)�.� �T�h�e� �b�e�h�a�v�i�o�r� �o�f� �a� �f�e�m�a�l�e� �c�o�c�k�r�o�a�c�h� �m�a�y� �e�v�e�n� 

�e�f�f�e�c�t� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �o�t�h�e�r� �c�o�m�p�o�n�e�n�t�s� �o�f� �a� �p�o�p�u�l�a�t�i�o�n�.� 

�C�o�m�p�e�t�i�t�i�o�n� �f�o�r� �t�e�r�r�i�t�o�r�i�e�s� �b�y� �N�a�u�p�h�o�e�t�a� �c�i�n�e�r�e�a� �m�a�l�e�s� 

� � 

�c�e�n�t�e�r�s� �a�r�o�u�n�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �f�e�m�a�l�e� �g�r�o�u�p�s�.� �T�h�e� �p�r�e�s�e�n�c�e� 

�o�f� �f�e�m�a�l�e�s� �a�l�s�o� �i�n�c�r�e�a�s�e�s� �t�h�e� �i�n�c�i�d�e�n�c�e� �o�f� �i�n�t�e�r�-�z�a�l�e� 

�f�i�g�h�t�i�n�g� �{�E�w�i�n�g� �1�9�7�3�)�.� 

�f�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �w�a�s� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� 

�f�e�m�a�l�e�s� �h�a�v�e� �a�n�y� �e�f�f�e�c�t� �o�n� �t�h�e� �d�i�s�p�e�r�s�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� 

�B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� �p�o�p�u�l�a�t�i�o�n�s�.� �M�o�v�e�m�e�n�t� �s�t�u�d�i�e�s� �o�f� �t�h�e� 

�G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h� �h�a�v�e� �e�i�t�h�e�r� �i�n�v�o�l�v�e�d� �o�u�t�d�o�o�r�,� �u�n�c�o�n�t�r�o�l�l�e�d� 

�e�x�p�e�r�i�m�e�n�t�s� �o�n� �w�h�o�l�e� �p�o�p�u�l�a�t�i�o�n�s�,� �o�r� �c�o�n�t�r�o�l�l�e�d� �l�a�b�o�r�a�t�o�r�y� 

�e�x�p�e�r�i�m�e�n�t�s� �o�n� �i�n�d�i�v�i�d�u�a�l� �c�o�m�p�o�n�e�n�t�s� �o�f� �p�o�p�u�l�a�t�i�o�n�s�.� �I�n� �t�h�i�s� 

�e�x�p�e�r�i�m�e�n�t� �a� �s�a�a�l�l� �m�i�x�e�d� �p�o�p�u�l�a�t�i�o�n� �w�a�s� �s�i�m�u�l�a�t�e�d� �i�n� �t�h�e� 

�l�a�b�o�r�a�t�o�r�y�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �t�h�e� �f�e�m�a�l�e�'�s� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� 

�a�n�d� �f�e�m�a�l�e� �d�e�n�s�i�t�y� �o�n� �t�h�e� �d�i�s�p�e�r�s�a�l� �o�f� �a� �p�o�p�u�l�a�t�i�o�n� �a�n�d� �i�t�s� 

�c�o�m�p�o�n�e�n�t�s� �w�e�r�e� �e�x�a�m�i�n�e�d�.



�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�T�h�r�e�e� �3�2� �c�m� �X� �2�2� �c�m�a� �X� �2�1� �C�H� �a�g�u�a�r�i�a� �w�e�r�e� �u�s�e�d� �f�o�r� �e�a�c�h� 

�e�x�p�e�r�i�m�e�n�t� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�.� �T�w�o� �g�l�a�s�s� �e�n�d�s� �w�e�r�e� 

�r�e�p�l�a�c�e�d� �w�i�t�h� �p�i�e�c�e�s� �o�f� �p�l�e�x�i�g�l�a�s�s� �t�h�a�t� �h�a�d� �1� �1�/�4�"� �d�i�a�m�e�t�e�r� 

�h�o�l�e�s� �d�r�i�l�i�e�d� �i�n� �t�h�e�m�.� �T�h�e� �s�i�d�e�s� �o�f� �t�h�e� �a�g�u�a�r�i�a� �w�e�r�e� �c�o�a�t�e�d� 

�w�i�t�h� �a� �f�i�l�m� �o�f� �p�e�t�r�o�l�e�u�m� �j�e�l�l�y� �t�o� �p�r�e�v�e�n�t� �e�s�c�a�p�e�s�.� �I�n� 

�a�d�d�i�t�i�o�n�,� �l�i�d�s� �w�e�r�e� �p�l�a�c�e�d� �o�n� �e�a�c�h� �a�q�u�a�r�i�u�a�.� �T�w�o� �a�q�u�a�r�i�a� 

�w�e�r�e� �c�o�n�n�e�c�t�e�d� �l�i�n�e�a�r�l�y� �t�o� �t�h�e� �t�h�i�r�d� �o�n�e� �b�y� �t�w�e�l�v�e� �i�n�c�a� 

�p�i�e�c�e�s� �o�f� �T�y�g�o�n� �t�u�b�i�n�g�.� �T�h�e� �1�%� �I�D� �X� �1� �1�/�4�"� �O�D� �t�u�b�i�n�g� 

�c�o�n�n�e�c�t�e�d� �t�h�e� �h�o�l�e�s� �i�n� �t�h�e� �s�i�d�e�s� �o�f� �t�h�e� �a�q�u�a�r�i�a�.� �F�o�o�d� �a�n�d� 

�w�a�t�e�r� �w�e�r�e� �p�r�o�v�i�d�e�d� �i�n� �t�h�e� �e�n�d� �a�g�u�a�r�i�a�.� �T�h�e� �e�n�d� �a�g�u�a�r�i�a� 

�w�e�r�e� �a�l�s�o� �p�r�o�v�i�d�e�d� �w�i�t�h� �1�.�0� �c�m�a� �x�X� �4�.�0� �c�m� �X� �1�0�.�0� �c�m� �s�h�e�l�t�e�r�s� 

�m�a�d�e� �o�u�t� �o�f� �b�l�a�c�k� �c�o�n�s�t�r�u�c�t�i�o�n� �p�a�p�e�r�.� �T�h�e� �m�i�d�d�l�e� �a�q�u�a�r�i�u�n� 

�w�a�s� �l�e�f�t� �e�m�p�t�y�.� 

�A� �m�i�x�e�d� �p�o�p�u�l�a�t�i�o�n� �o�f� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� �w�a�s� �p�l�a�c�e�d� �i�n� 

�t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�m� �a�n�d� �s�e�a�l�e�d� �o�f�f� �f�r�o�a� �t�h�e� �o�t�h�e�r� �a�g�u�a�r�i�a�.� 

�T�h�e� �c�o�c�k�r�o�a�c�h�e�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �a�c�c�l�i�z�a�t�e� �t�o� �t�h�e�i�r� 

�s�u�r�r�o�u�n�d�i�n�g�s� �f�o�r� �t�w�o� �d�a�y�s�.� �A�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �s�e�c�o�n�d� �d�a�y�,� �t�h�e� 

�f�i�r�s�t� �a�q�u�a�r�i�u�m� �w�a�s� �o�p�e�n�e�d� �u�p� �t�o� �t�h�e� �s�e�c�o�n�d� �a�n�d� �t�h�i�r�d�.� �O�n�e� 

�w�e�e�k� �l�a�t�e�r�,� �e�a�c�h� �a�q�u�a�r�i�u�m� �w�a�s� �s�e�a�l�e�d� �a�n�d� �c�e�n�s�u�s�e�d�.� 

�T�w�o� �p�h�e�n�o�t�y�p�e�s� �o�f� �t�h�e� �G�e�r�g�a�n� �c�o�c�k�r�o�a�c�h� �w�e�r�e� �u�s�e�d�.� �H�a�i�f� 

�w�e�r�e� �w�i�l�d� �t�y�p�e� �f�r�o�m� �t�h�e� �V�P�I� �l�a�b�o�r�a�t�o�r�y� �s�t�r�a�i�n�.� �T�h�e� �o�t�h�e�r� 

�h�a�l�f� �w�e�r�e� �V�P�I� �s�t�r�a�i�n� �h�b�l�a�c�k�-�h�o�d�y� �m�u�t�a�n�t�s� �t�h�a�t� �h�a�d� �k�e�e�n� 

�c�r�o�s�s�e�d� �w�i�t�h� �c�o�c�k�r�o�a�c�h�e�s� �f�r�o�m� �a� �f�i�e�l�d� �c�c�l�l�e�c�t�i�o�n�.� �T�h�i�s� �w�a�s� 

�-�5�3�-



�~�S�4�-� 

�d�o�n�e� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �d�i�f�f�e�r�e�n�c�e�s� �o�c�c�u�r�r�e�d� �b�e�t�w�e�e�n� �t�h�e� 

�m�o�v�e�m�e�n�t� �o�f� �t�w�o� �d�i�f�f�e�r�e�n�t� �s�t�r�a�i�n�s� �a�s� �s�u�g�g�e�s�t�e�d� �b�y� �s�o�m�e� 

�w�o�r�k�e�r�s� �{�A�k�e�r�s� �1�9�7�9�8�)�.� 

�T�h�e� �b�a�s�e� �p�o�p�u�l�a�t�i�o�n� �c�o�n�s�i�s�t�e�d� �o�f� �4� �a�d�u�l�t� �f�e�m�a�l�e�s�,� �4� 

�a�d�u�l�t� �m�a�l�e�s�,� �1�6� �m�i�d�d�l�e� �i�n�s�t�a�r� �n�y�m�p�h�s� �{�t�h�i�r�d�-�f�o�u�r�t�h� �i�n�s�t�a�r�)�,� 

�a�n�d� �1�6� �e�a�r�l�y� �i�n�s�t�a�r� �n�y�m�p�h�s� �{�f�i�r�s�t�-�s�e�c�o�n�d� �i�n�s�t�a�r�)�.� �T�h�e� 

�q�u�a�n�t�i�t�i�e�s� �u�s�e�d� �w�e�r�e� �t�o� �p�r�o�v�i�d�e� �c�o�n�t�i�n�u�i�t�y� �w�i�t�h� �a� �p�r�e�v�i�o�u�s� 

�e�x�p�e�r�i�m�e�n�t� �o�n� �g�r�o�u�p� �f�o�r�m�a�t�i�o�n� �(�B�r�e�t�,� �R�o�s�s�,� �a�n�d� �H�o�l�t�z�m�a�n�,� 

�u�n�p�u�b�l�.�)�.� �B�r�i�e�f�l�y�,� �m�u�l�t�i�p�l�e�s� �o�f� �f�o�u�r� �w�e�r�e� �u�s�e�d� �s�i�n�c�e� �f�o�u�r� 

�s�h�e�l�t�e�r�s� �w�e�r�e� �p�r�o�v�i�d�e�d� �i�n� �t�h�e� �f�i�r�s�t� �a�n�d� �t�h�i�r�d� �a�q�u�a�r�i�a�.� �T�h�e� 

�a�d�u�l�t�z�:�n�y�m�p�h� �r�a�t�i�o� �a�p�p�r�o�x�i�m�a�t�e�d� �t�h�a�t� �f�o�u�n�d� �i�n� �w�i�l�d� 

�p�o�p�u�l�a�t�i�o�n�s� �(�G�n�o� �a�n�d� �f�s�u�j�i� �1�9�7�2�;� �R�o�s�s� �a�n�d� �W�r�i�g�h�t� �1�9�7�7�)�.� 

�T�w�o� �v�a�r�i�a�t�i�o�n�s� �o�f� �t�h�e� �e�x�p�e�r�i�z�e�n�t� �w�e�r�e� �d�o�n�e�.� �I�n� �o�n�e�,� �t�h�e� 

�d�e�n�s�i�t�y� �o�f� �t�h�e� �f�e�m�a�l�e�s� �w�a�s� �c�h�a�n�g�e�d�.� �F�e�m�a�l�e� �d�e�n�s�i�t�i�e�s� �o�f� �4�,� 

�8�,� �a�n�d� �1�6� �w�e�r�e� �u�s�e�d�.� �S�e�c�o�n�d�l�y�,� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �o�f� �t�h�e� 

�f�e�m�a�l�e�s� �w�a�s� �c�h�a�n�g�e�d�.� �F�e�m�a�l�e�s� �w�i�t�h�o�u�t� �o�o�t�h�e�c�a�e� �a�n�d� �f�e�m�a�l�e�s� 

�w�i�t�h� �o�o�t�h�e�c�a�e� �i�n� �t�h�e� �f�i�r�s�t� �s�t�a�g�e�s� �o�f� �e�m�b�r�y�o�n�i�c� �d�e�v�e�l�o�p�m�e�n�t� 

�(�T�a�n�a�k�a� �1�9�7�6�)� �w�e�r�e� �u�s�e�d� �a�t� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� �d�e�n�s�i�t�i�e�s�.� 

�T�h�u�s�,� �a� �t�o�t�a�l� �o�f� �s�i�x� �e�x�p�e�r�i�n�e�n�t�s� �w�e�r�e� �d�o�n�e�.� �E�a�c�h� �e�x�p�e�r�i�z�e�n�t� 

�h�a�d� �s�i�x� �r�e�p�l�i�c�a�t�e�s� �e�x�c�e�p�t� �f�o�r� �o�n�e�.� �T�h�e� �e�x�p�e�r�i�m�e�n�t� �w�i�t�h� 

�S�i�x�t�e�e�n� �g�r�a�v�i�d� �f�e�m�a�l�e�s� �h�a�d� �e�i�g�h�t� �r�e�p�l�i�c�a�t�e�s�.� 

�D�i�s�p�e�r�s�a�l� �w�a�s� �m�e�a�s�u�r�e�d� �u�s�i�n�g� �t�h�e� �f�c�l�i�o�w�i�n�g� �d�i�s�p�e�r�s�a�i� 

�i�n�d�e�x�:� �D�I�=�(�X�-�¥�)�/�X�,� �w�h�e�r�e� �X�=� �n�u�m�b�e�r� �o�f� �c�o�c�k�r�o�a�c�h�e�s� �i�n� �t�h�e� 

�f�i�r�s�t� �a�q�u�a�r�i�u�m� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�,� �Y�=� �n�u�s�b�e�r� 

�o�f� �c�o�c�k�r�o�a�c�h�e�s� �r�e�m�a�i�n�i�n�g� �i�n� �t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�m� �a�f�t�e�r� �o�n�e



 ��5� �5�-� 

�w�e�e�k�,� �a�n�d� �(�X�-�Y�)�=� �n�u�m�b�e�r� �o�f� �c�o�c�k�r�o�a�c�h�e�s� �d�i�s�p�e�r�s�e�d� �f�r�o�m� �t�h�e� 

�f�i�r�s�t� �a�q�u�a�r�i�u�m� �i�n� �o�n�e� �w�e�e�k�.� �T�h�e� �d�i�s�p�e�r�s�a�l� �i�n�d�e�x� �r�a�n�g�e�s� �f�o�r� �0� 

�{�n�o� �d�i�s�p�e�r�s�a�l�)� �t�o� �1� �(�c�o�m�p�l�e�t�e� �d�i�s�p�e�r�s�a�l�)�.� �T�h�e� �h�i�g�h�e�r� �t�h�e� 

�i�n�d�e�x� �t�h�e� �g�r�e�a�t�e�r� �t�h�e� �d�i�s�p�e�r�s�a�l�.� �F�o�r� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� 

�e�f�f�e�c�t�s� �o�f� �t�h�e� �t�w�o� �f�e�m�a�l�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e�s� �a� �W�i�l�c�o�x�o�n� 

�2�-�w�a�y� �n�o�n�-�p�a�r�a�m�e�t�r�i�c� �t�e�s�t� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �a�l�l�i� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�s� �c�o�m�b�i�n�e�d� �a�n�d� �o�n� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� �d�e�n�s�i�t�y� 

�e�x�p�e�r�i�m�e�n�t�s�.� �C�o�m�p�a�r�i�s�o�n�s� �o�f� �t�h�e� �t�h�r�e�e� �d�e�n�s�i�t�i�e�s� �w�e�r�e� �t�e�s�t�e�d� 

�u�S�i�n�g� �t�h�e� �K�r�u�s�k�a�l�-�W�a�l�l�a�c�e� �n�o�n�-�p�a�r�a�m�e�t�r�i�c� �n�-�w�a�y� �c�o�m�p�a�r�i�s�o�n�s� 

�t�e�s�t� �o�n�a�l�l� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �c�o�m�b�i�n�e�d� �a�n�d� �o�n� �t�h�e� �t�w�o� 

�d�i�f�f�e�r�e�n�t� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e�s�.� �A�n� �a�l�p�h�a� �l�e�v�e�l� �l�e�s�s� �t�h�a�n� �0�.�1�0� 

�w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �s�i�g�n�i�f�i�c�a�n�c�e�.



�R�E�S�U�L�T�S� 

�F�o�u�r� �a�s�p�e�c�t�s� �o�f� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� �a�r�e� �l�o�o�k�e�d� �a�t�.� �T�h�e� 

�d�i�s�p�e�r�s�a�l� �o�f� �c�o�c�k�r�o�a�c�h�e�s� �f�r�o�m� �a�g�u�a�r�i�u�m� �1� �i�s� �f�i�r�s�t�.� �T�h�i�s� 

�i�n�c�l�u�d�e�s� �t�h�e� �e�f�f�e�c�t�s� �o�f� �f�e�m�a�l�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �a�n�d� �f�e�m�a�l�e� 

�d�e�n�s�i�t�y�.� �S�e�c�o�a�d�l�y�,� �t�h�e� �i�m�p�a�c�t� �c�f� �e�s�c�a�p�e�e�s� �f�r�o�m�a� �t�h�e� �s�y�s�t�e�m� �i�s� 

�a�n�a�l�y�z�e�d�.� �T�h�e� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �c�o�c�k�r�o�a�c�h�e�s� �a�m�o�n�g� �a�l�l� �t�h�r�e�e� 

�a�q�u�a�r�i�a� �c�o�a�p�r�i�s�e�s� �t�h�i�r�d� �a�s�p�e�c�t� �o�f� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t�.� �T�h�i�s� �a�l�s�o� 

�e�n�t�a�i�l�s� �t�h�e� �e�f�f�e�c�t�s� �o�f� �f�e�m�a�l�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �a�n�d� �f�e�m�a�l�e� 

�d�e�n�s�i�t�y�.� �F�i�n�a�l�l�y�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �s�t�r�a�i�n�s� �o�f� 

�c�o�c�k�r�o�a�c�h�e�s� �u�s�e�d� �a�r�e� �p�r�e�s�e�n�t�e�d�.� 

�i�-�_� �D�i�s�p�e�r�s�a�l� �f�r�o�m� �A�g�u�a�r�i�u�s� �1� 

�T�h�e� �p�e�r�c�e�n�t� �o�f� �c�o�c�k�r�o�a�c�h�e�s� �d�i�s�p�e�r�s�i�n�g� �f�r�o�m� �a�q�u�a�r�i�u�s� �1� 

�a�f�t�e�r� �o�n�e� �w�e�e�k� �i�s� �p�r�o�v�i�d�e�d� �i�n� �T�a�b�l�e� �1� �a�n�d� �i�s� �r�e�p�r�e�s�e�n�t�e�d� 

�g�r�a�p�h�i�c�a�l�l�y� �i�n� �F�i�g�u�r�e�s� �2� �a�n�d� �3�.� �F�i�g�u�r�e� �2� �s�h�o�w�s� �t�h�e� �p�e�r�c�e�n�t� 

�o�f� �c�o�c�k�r�o�a�c�h�e�s� �t�h�a�t� �l�e�f�t� �t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�s� �f�o�r� �a�l�l� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t�s� �c�o�m�b�i�n�e�d�.� �F�i�g�u�r�e� �3� �s�h�o�w�s� �t�h�e� �p�e�r�c�e�n�t� �d�i�s�p�e�r�s�a�l� 

�o�f� �c�o�c�k�r�o�a�c�h�e�s� �f�r�o�m� �e�x�p�e�r�i�m�e�n�t�s� �b�r�o�k�e�n� �d�o�w�n� �a�c�c�o�r�d�i�n�g� �t�o� 

�e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� �f�e�m�a�l�e� �d�e�n�s�i�t�i�e�s� �a�t� �e�a�c�h� �o�f� �t�h�e� �t�w�o� �f�e�m�a�l�e� 

�r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e�s�.� 

�F�i�g�u�r�e� �2� �a�n�d� �T�a�b�l�e� �1� �s�h�o�w� �t�h�a�t� �a�l�m�o�s�t� �h�a�l�f� �(�4�6�.�4�%�)� �o�f� 

�t�h�e� �p�o�p�u�l�a�t�i�o�n� �d�i�s�p�e�r�s�e�d� �f�r�o�m� �a�q�u�a�r�i�u�m� �1�.� �T�h�i�s� �i�s� �p�r�i�m�a�r�i�l�y� 

�d�u�e� �t�o� �a� �l�a�r�g�e� �a�m�o�u�n�t� �o�f� �d�i�s�p�e�r�s�a�l� �o�f� �s�m�a�l�l� �n�y�m�p�h�s�.� �O�v�e�r� �6�0�%� 

�o�f� �t�h�e� �s�m�a�l�l� �a�y�s�p�h�s� �d�i�s�p�e�r�s�e�d�.� �D�i�s�p�e�r�s�a�l� �o�f� �m�e�d�i�u�m� �n�y�g�p�h�s� 

 ��5�6�-
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�W�a�s� �a�l�s�o� �h�i�g�h� �w�i�t�h� �4�9�.�3�%� �l�e�a�v�i�n�g�.� �T�h�e� �a�d�u�l�t� �f�e�m�a�l�e�s� �a�n�d� 

�m�a�l�e�s� �d�i�s�p�e�r�s�e�d� �c�o�n�s�i�d�e�r�a�b�l�y� �l�e�s�s� �(�2�7�.�2�%� �a�n�d� �2�2�.�4�%�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�)�.� 

�E�f�f�e�c�t�s� �o�f� �F�e�m�a�l�e� �R�e�p�r�o�d�u�c�t�i�v�e� �S�t�a�t�e� �-� �V�e�r�y� �l�i�t�t�l�e� 

�d�i�f�f�e�r�e�n�c�e� �o�c�c�u�r�r�e�d� �b�e�t�w�e�e�n� �p�o�p�u�l�a�t�i�o�n�s� �w�i�t�h� �n�o�n�-�g�r�a�v�i�d� 

�f�e�m�a�l�e�s� �a�n�d� �p�o�p�u�l�a�t�i�o�n�s� �w�i�t�h� �g�r�a�v�i�d� �f�e�m�a�l�e�s� �a�t� �e�a�c�h� �o�f� �t�h�e� 

�t�h�r�e�e� �d�e�n�s�i�t�i�e�s� �(�F�i�g�u�r�e� �3�)�.� �T�h�e� �d�i�s�p�e�r�s�a�l� �i�n�d�i�c�e�s� �a�r�e� 

�p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �2�.� �A� �W�i�l�c�o�x�c�n� �2�-�s�a�m�p�l�e� �t�e�s�t� �o�n� �e�a�c�h� �o�f� 

�t�h�e� �r�e�p�l�i�c�a�t�e�s� �s�u�p�p�o�r�t�e�d� �t�h�i�s� �o�b�s�e�r�v�a�t�i�o�n�.� �T�a�b�l�e� �3� �s�h�o�w�s� �t�h�e� 

�S�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l�s� �f�o�r� �t�h�e� �t�e�s�t�.� �T�h�e� �d�i�s�p�e�r�s�a�l� �o�f� 

�c�o�m�p�o�n�e�n�t�s� �f�r�o�m� �p�o�p�u�l�a�t�i�o�n�s� �w�i�t�h� �n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s� �w�a�s� �n�o�t� 

�S�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �p�o�p�u�l�a�t�i�o�n�s� �w�i�t�h� �g�r�a�v�i�d� 

�f�e�m�a�l�e�s�,� �w�i�t�h� �o�n�e� �e�x�c�e�p�t�i�o�n�.� �A�t� �t�h�e� �l�o�w�e�s�t� �d�e�n�s�i�t�y� �o�f� 

�f�e�m�a�l�e�s�,� �a�n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s� �d�i�s�p�e�r�s�e�d� �l�e�s�s� �t�h�a�n� �g�r�a�v�i�d� 

�f�e�n�a�l�e�s�.� �T�h�i�s� �i�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �a� �p�r�o�b�a�b�i�l�i�t�y� �l�e�v�e�l� �o�f� 

�i�e�s�s� �t�h�a�n� �0�.�0�5� �b�u�t� �i�t� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �a� �p�r�o�b�a�b�i�l�i�t�y� �l�e�v�e�l� 

�o�f� �0�.�1�0�.� 

�T�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �o�f� �t�h�e� �f�e�m�a�l�e�s� �d�i�d� �n�o�t� �a�p�p�e�a�r� �t�o� 

�h�a�v�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �i�a�p�a�c�t� �o�n� �t�h�e� �r�a�t�e� �o�f� �d�i�s�p�e�r�s�a�l� �o�f� �m�o�s�t� 

�o�f� �t�h�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �w�a�s� 

�m�i�s�l�e�a�d�i�n�g�.� �T�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �o�f� �t�h�e� �f�e�m�a�l�e�s� �d�i�d� �n�o�t� 

�r�e�m�a�i�n� �c�o�n�s�t�a�n�t� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� �M�a�n�y� �o�f� �t�h�e� �n�o�n�-� 

�g�r�a�v�i�d� �f�e�m�a�l�e�s� �d�e�v�e�l�o�p�e�d� �e�g�g� �c�a�s�e�s� �b�y� �t�h�e� �e�n�d� �o�f� �t�h�e� �f�i�r�s�t� 

�w�e�e�k�.� �C�o�m�p�a�r�i�s�o�n�s� �o�f� �t�h�e� �e�x�p�e�r�i�g�e�n�t�s� �w�i�t�h� �g�r�a�v�i�d� �v�s� �*�n�o�n�-� 

�g�r�a�v�i�d�"� �f�e�m�a�l�e�s� �m�a�y� �n�o�t� �b�e� �m�a�d�e� �w�i�t�h� �m�u�c�h� �c�e�r�t�a�i�n�t�y�.
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�E�f�f�e�c�t�s� �o�f� �F�e�m�a�l�e� �D�e�n�s�i�t�y� �-� �M�o�r�e� �c�o�n�f�i�d�e�n�c�e� �c�o�u�l�d� �b�e� 

�p�l�a�c�e�d� �o�n� �t�h�e� �a�n�a�l�y�s�i�s� �o�f� �d�e�n�s�i�t�y� �e�f�f�e�c�t�s�.� �F�i�g�u�r�e� �3� �s�h�o�w�s� 

�t�h�e� �p�e�r�c�e�n�t� �o�f� �c�o�c�k�r�o�a�c�h�e�s� �d�i�s�p�e�r�s�i�n�g� �f�r�e�m� �e�x�p�e�r�i�m�e�n�t�s� 

�c�o�n�t�a�i�n�i�n�g� �g�r�a�v�i�d� �f�e�m�a�l�e�s�,� �w�h�i�l�e� �T�a�b�l�e� �2� �s�h�o�w�s� �t�h�e� 

�r�e�s�p�e�c�t�i�v�e� �d�i�s�p�e�r�s�a�l� �i�n�d�i�c�e�s�.� �A� �g�e�n�e�r�a�l� �t�r�e�n�d� �w�a�s� �s�e�e�n�.� 

�D�i�s�p�e�r�s�a�l� �d�e�c�r�e�a�s�e�d� �a�s� �t�h�e� �d�e�n�s�i�t�y� �o�f� �g�r�a�v�i�d� �f�e�m�a�l�e�s� 

�i�n�c�r�e�a�s�e�d�.� �T�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l�s� �f�r�o�m� �a� �K�r�u�s�k�a�l�-�W�a�l�l�a�c�e� 

�n�o�n�-�p�a�r�a�m�e�t�r�i�c� �t�e�s�t� �a�r�e� �i�n� �T�a�b�l�e� �4�.� �H�i�g�h�l�y� �s�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �d�i�s�p�e�r�s�a�l� �o�c�c�u�r�r�e�d� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �f�e�m�a�l�e� 

�d�e�n�s�i�t�y� �w�h�e�n� �g�r�a�v�i�d� �f�e�m�a�l�e�s� �w�e�r�e� �p�r�e�s�e�n�t�.� �T�h�e� �p�o�p�u�l�a�t�i�o�n�s� �a�s� 

�a� �w�h�o�l�e� �d�i�s�p�e�r�s�e�d� �l�e�s�s� �w�i�t�h� �i�n�c�r�e�a�s�e�d� �f�e�m�a�l�e� �d�e�n�s�i�t�y� 

�(�p�=�.�0�1�5�)�,� �a�s� �d�i�d� �t�h�e� �f�e�m�a�l�e�s� �t�h�e�m�s�e�l�v�e�s� �(�p�=�.�0�0�1�)� �a�n�d� �t�h�e� 

�a�e�d�i�u�m� �n�y�a�p�h�s� �(�p�=�.�0�2�0�)�.� �A�l�t�h�o�u�g�h� �F�i�g�u�r�e� �3� �s�h�o�w�s� �a� �t�r�e�n�d� 

�t�o�w�a�r�d�s� �d�e�c�r�e�a�s�e�d� �d�i�s�p�e�r�s�a�l�,� �t�h�e� �d�i�s�p�e�r�s�a�l� �o�f� �s�a�l�e�s� �f�r�o�m� �t�h�e� 

�h�a�r�b�o�r�a�g�e� �w�a�s� �n�o�t� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �{�(�p�>�.�2�0�0�)�,� 

�p�o�s�s�i�b�l�y� �b�e�c�a�u�s�e� �o�f� �t�h�e� �l�o�w� �n�u�m�b�e�r� �u�s�e�d� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� 

�T�h�e� �d�i�s�p�e�r�s�a�l� �o�f� �s�m�a�l�l� �n�y�a�p�h�s� �w�a�s� �v�e�r�y� �c�o�n�s�i�s�t�a�n�t�.� �T�h�e�r�e� �w�a�s� 

�h�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �d�i�s�p�e�r�s�a�l� �o�f� �s�m�a�l�l� �n�y�m�p�h�s� 

�(�p�>�.�9�0�0�)� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �f�e�m�a�l�e� �d�e�n�s�i�t�y�.� 

�T�h�e� �p�e�r�c�e�n�t� �o�f� �c�o�c�k�r�o�a�c�h�e�s� �d�i�s�p�e�r�s�i�n�g� �f�r�o�m� �p�o�p�u�l�a�t�i�o�n�s� 

�o�f�  ��n�o�n�-�g�r�a�v�i�d�"� �f�e�m�a�l�e�s� �c�a�n� �a�l�s�o� �h�e� �s�e�e�n� �i�n� �F�i�g�u�r�e� �3�.� �A�s� 

�p�r�e�v�i�o�u�s�l�y� �m�e�n�t�i�o�n�e�d�,� �m�a�n�y� �o�f� �t�h�e�s�e� �f�e�m�a�l�e�s� �h�a�d� �d�e�v�e�l�o�p�e�d� 

�e�g�g� �c�a�s�e�s� �a�f�t�e�r� �o�n�e� �w�e�e�k�.� �C�a�u�t�i�o�n� �m�u�s�t� �b�e� �e�x�e�r�c�i�s�e�d� �i�n� 

�i�n�t�e�r�p�r�e�t�i�n�g� �t�h�e�s�e� �r�e�s�u�l�t�s�.� �T�h�e� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l�s� �f�o�r� 

�c�o�m�p�a�r�i�s�o�n�s� �o�f� �d�e�n�s�i�t�y� �e�f�f�e�c�t�s� �a�r�e� �a�l�s�o� �i�n� �T�a�b�l�e� �4�.
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�S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �d�i�s�p�e�r�s�a�l� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �f�e�m�a�l�e� 

�d�e�n�s�i�t�y� �o�c�c�u�r�r�e�d� �w�i�t�h� �t�h�e� �a�d�u�l�t� �f�e�m�a�l�e�s� �{�p�=�.�0�0�3�)�.� �N�o� 

�S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �o�c�c�u�r�r�e�d� �w�i�t�h� �t�h�e� �e�a�r�l�y� �i�n�s�t�a�r� 

�n�y�a�p�h�s� �a�t� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l�s� �o�f� �l�e�s�s� �t�h�a�n� �.�0�5�,� �b�u�t� �d�i�d� 

�o�c�c�u�r� �a�t� �s�i�g�n�i�f�i�c�a�n�c�e� �l�e�v�e�l�s� �o�f� �l�e�s�s� �t�h�a�n� �0�.�1�0� �(�p�=�.�0�7�6�)�}�.� 

�C�o�n�f�u�s�i�n�g�l�y�,� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �a�r�e� �n�e�i�t�h�e�r� �d�i�r�e�c�t�l�y� �n�o�r� 

�i�n�v�e�r�s�e�l�y� �r�e�l�a�t�e�d� �t�o� �f�e�m�a�l�e� �d�e�n�s�i�t�y�.� �F�e�m�a�l�e�s� �d�i�s�p�e�r�s�e�d� �l�e�a�s�t� 

�a�t� �h�i�g�h� �d�e�n�s�i�t�y� �b�u�t� �d�i�s�p�e�r�s�e�d� �m�o�s�t� �a�t� �t�h�e� �m�i�d�d�l�e� �d�e�n�s�i�t�y�.� 

�C�o�n�v�e�r�s�e�l�y�,� �s�m�a�l�l� �n�y�m�p�h�s� �d�i�s�p�e�r�s�e�d� �l�e�a�s�t� �a�t� �t�h�e� �n�i�d�d�l�e� 

�f�e�m�a�l�e� �d�e�n�s�i�t�y� �a�n�d� �w�o�s�t� �a�t� �t�h�e� �h�i�g�h�e�s�t� �f�e�m�a�l�e� �d�e�n�s�i�t�y�.� �W�o� 

�S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �o�c�c�u�r�r�e�d� �a�m�o�n�g� �t�h�e� �a�d�u�l�t� �s�a�l�e�s� �o�r� 

�t�h�e� �m�i�d�d�i�e� �i�n�s�t�a�r� �n�y�m�p�h�s� �(�p�>�.�1�0�0�)�.� 

�T�h�e�  ��n�o�n�-�g�r�a�v�i�d�*�®� �f�e�m�a�l�e�s� �t�h�a�t� �r�e�m�a�i�n�e�d� �i�n� �t�h�e� �f�i�r�s�t� 

�a�q�u�a�r�i�u�m� �a�r�e� �b�r�o�k�e�n� �d�o�w�n� �i�n� �F�i�g�u�r�e� �4� �i�n�t�o� �t�h�o�s�e� �t�h�a�t� 

�d�e�v�e�l�o�p�e�d� �o�o�t�h�e�c�a�e� �a�n�d� �t�h�o�s�e� �t�h�a�t� �r�e�m�a�i�n�e�d� �w�i�t�h�o�u�t� �o�o�t�h�e�c�a�e�.� 

�A�t� �e�a�c�h� �d�e�n�s�i�t�y�,� �w�e�l�l� �o�v�e�r� �h�a�l�f� �o�f� �t�h�e� �f�e�m�a�l�e�s� �d�e�v�e�l�o�p�e�d� �e�g�y� 

�c�a�s�e�s� �b�y� �t�h�e� �e�n�d� �o�f� �o�n�e� �w�e�e�k�.� �C�n�e� �i�s�g�p�o�r�t�a�n�t� �p�o�i�n�t� �t�o� �s�a�k�e� �i�s� 

�t�h�a�t� �g�o�r�e� �f�e�m�a�l�e�s� �w�i�t�h� �e�g�g� �c�a�s�e�s� �r�e�m�a�i�n�e�d�,� �o�r� �d�i�d� �n�o�t� 

�d�i�s�p�e�r�s�e�,� �t�h�a�n� �f�e�m�a�l�e�s� �w�i�t�h�o�u�t�.� �T�o� �e�x�t�r�a�p�o�l�a�t�e�,� �f�e�m�a�l�e�s� �w�i�t�h� 

�e�g�g� �c�a�s�e�s� �d�i�s�p�e�r�s�e�d� �t�h�e� �l�e�a�s�t� �w�h�i�l�e� �f�e�m�a�l�e�s� �w�i�t�h�o�u�t� �e�g�g� 

�c�a�s�e�s� �d�i�s�p�e�r�s�e�d� �t�h�e� �m�o�s�t�.� �A�n�o�t�h�e�r� �i�n�t�e�r�e�s�t�i�n�g� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�c�c�u�r�r�e�d� �h�e�t�w�e�e�n� �t�h�e� �f�e�m�a�l�e�s� �w�i�t�h�o�u�t� �e�g�g� 

�c�a�s�e�s� �a�n�d� �t�h�o�s�e� �w�i�t�h� �e�g�g� �c�a�s�e�s�.� �T�h�e� �g�r�e�a�t�e�s�t� �p�e�r�c�e�n�t� �o�f� �t�h�e� 

�f�e�m�a�l�e�s� �w�i�t�h� �e�g�g� �c�a�s�e�s� �r�e�m�a�i�n�i�n�g� �i�n� �t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�m� �w�a�s� 

�f�o�u�n�d� �a�t� �t�h�e� �h�i�g�h�e�s�t� �d�e�n�s�i�t�i�e�s�.� �C�o�n�v�e�r�s�e�l�y�,� �t�h�e� �g�r�e�a�t�e�s�t
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�p�e�r�c�e�n�t� �o�f� �f�e�m�a�l�e�s� �w�i�t�h�o�u�t� �e�g�g� �c�a�s�e�s� �t�h�a�t� �r�e�m�a�i�n�e�d� �i�n� 

�a�q�u�a�r�i�u�m� �1� �o�c�c�u�r�r�e�d� �a�t� �t�h�e� �l�o�w�e�r� �d�e�n�s�i�t�i�e�s�.� 

�S�i�n�c�e� �m�o�s�t� �o�f� �t�h�e� �f�e�m�a�l�e�s� �w�e�r�e� �g�r�a�v�i�d�,� �t�h�e� �"�n�o�n�-�g�r�a�v�i�d�"� 

�e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �c�o�a�b�i�n�e�d� �w�i�t�h� �t�h�e� �o�r�i�g�i�n�a�l� �g�r�a�v�i�d� 

�e�x�p�e�r�i�m�e�n�t�s�.� �A�s� �s�e�e�n� �i�n� �T�a�b�l�e� �4� �a�n�d� �F�i�g�u�r�e� �5�,� �t�h�e� �c�o�m�b�i�n�e�d� 

�r�e�s�u�l�t�s� �w�e�r�e� �c�l�o�s�e�l�y� �s�i�m�i�l�a�r� �t�o� �t�h�e� �e�x�p�e�r�i�n�s�e�n�t�s� �b�e�g�u�n� �w�i�t�h� 

�g�r�a�v�i�d� �f�e�m�a�l�e�s�.� �F�e�m�a�l�e� �d�i�s�p�e�r�s�a�l� �d�e�c�r�e�a�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �a�s� 

�f�e�m�a�l�e� �d�e�n�s�i�t�y� �i�n�c�r�e�a�s�e�d� �{�p�=�.�0�0�1�)�.� �M�e�d�i�u�a�-�s�i�z�e�d� �n�y�s�p�h�s� �a�l�s�o� 

�d�i�s�p�e�r�s�e�d� �l�e�s�s� �a�s� �f�e�m�a�l�e� �d�e�n�s�i�t�y� �i�n�c�r�e�a�s�e�d� �(�p�<�.�0�0�6�)�.� �N�e�i�t�h�e�r� 

�t�h�e� �m�a�l�e�s� �n�o�r� �t�h�e� �s�m�a�l�l� �n�y�m�p�h�s� �d�i�s�p�l�a�y�e�d� �s�i�g�n�i�f�i�c�a�n�t� �c�h�a�n�g�e�s� 

�i�n� �d�i�s�p�e�r�s�a�l� �{�p�>�.�1�0�0�)�,� �a�l�t�h�o�u�g�h� �a�g�a�i�n�,� �m�a�l�e�s� �t�e�n�d�e�d� �t�o�w�a�r�d� 

�i�n�c�r�e�a�s�e�d� �d�i�s�p�e�r�s�a�l� �a�t� �t�h�e� �h�i�g�h�e�r� �f�e�m�a�l�e� �d�e�n�s�i�t�i�e�s�.� 

�I�l�.� �E�s�c�a�p�e�e�s� �f�r�o�m� �t�h�e� �A�g�u�a�r�i�a� 

�M�u�c�h� �o�f� �t�h�e� �d�i�s�p�e�r�s�a�l� �f�r�o�m� �a�q�u�a�r�i�u�m� �1� �w�a�s� �d�u�e� �t�o� 

�c�o�c�k�r�o�a�c�h�e�s� �t�h�a�t� �e�s�c�a�p�e�d� �o�r� �w�e�r�e� �u�n�a�c�c�o�u�n�t�e�d� �f�o�r� �i�n� �a�n�y� 

�a�q�u�a�r�i�u�m� �o�r� �i�n� �t�h�e� �t�u�b�e�s� �c�o�n�n�e�c�t�i�n�g� �t�h�e� �a�q�u�a�r�i�a�.� �T�a�b�l�e� �5� 

�s�h�o�w�s� �t�h�e� �p�e�r�c�e�n�t� �o�f� �e�a�c�h� �c�o�m�p�o�n�e�n�t� �t�h�a�t� �e�s�c�a�p�e�d� �f�r�o�m� �a�l�l� 

�t�h�e� �e�x�p�e�r�i�m�e�n�t�s�.� �A�l�m�o�s�t� �a� �q�u�a�r�t�e�r� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n�s� �(�2�3�.�9�3�%�)� 

�e�s�c�a�p�e�d�.� �T�h�i�s� �w�a�s� �p�r�i�m�a�r�i�l�y� �d�u�e� �t�o� �a� �l�a�r�g�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�n�y�s�p�h�s� �t�h�a�t� �e�s�c�a�p�e�d�.� �O�v�e�r� �h�a�l�f� �o�f� �t�h�e� �s�m�a�l�l� �n�y�m�p�h�s� �(�5�4�.�8�%�)� 

�e�s�c�a�p�e�d�.� �S�o�m�e� �m�e�d�i�u�m� �n�y�m�p�h�s� �a�l�s�o� �e�s�c�a�p�e�d� �(�1�1�.�8�%�)�.� �V�e�r�y� �f�e�w� 

�a�d�u�l�t� �f�e�m�a�l�e�s� �o�r� �m�a�l�e�s� �e�s�c�a�p�e�d� �(�2�.�2�%� �a�n�d� �2�.�0�%� �r�e�s�p�e�c�t�i�v�e�l�y�)�.� 

�T�h�e�s�e� �p�a�t�t�e�r�n�s� �r�e�m�a�i�n�e�d� �t�h�e� �s�a�m�e� �r�e�g�a�r�d�l�e�s�s� �o�f� �f�e�n�a�l�e� 

�r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �o�r� �f�e�m�a�l�e� �d�e�n�s�i�t�y�.� �T�h�e� �e�a�r�l�y� �i�n�s�t�a�r�s� 

�e�s�c�a�p�e�d� �m�o�s�t�,� �t�h�e� �a�d�u�l�t�s� �e�s�c�a�p�e�d� �l�e�a�s�t�.
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�T�i�l�.� �D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �c�o�c�k�r�o�a�c�h�e�s� �a�m�o�n�g� �t�h�e� �t�h�r�e�e� �a�q�u�a�r�i�a� 

�M�o�r�e� �i�n�s�i�g�h�t� �c�a�n� �b�e� �g�a�i�n�e�d� �b�y� �l�o�o�k�i�n�g� �a�t� �t�h�e� �d�i�s�p�e�r�s�a�l� 

�o�f� �t�h�o�s�e� �c�o�c�k�r�o�a�c�h�e�s� �t�h�a�t� �d�i�d� �n�o�t� �e�s�c�a�p�e� �f�r�o�m� �t�h�e� �s�y�s�t�e�n�.� 

�T�a�b�l�e� �6� �p�r�o�v�i�d�e�s� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �c�o�c�k�r�o�a�c�h�e�s� �r�e�m�a�i�n�i�n�g� 

�i�n� �t�h�e� �s�y�s�t�e�m� �t�h�a�t� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �F�r�o�m� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� 

�a�q�u�a�r�i�a� �a�n�d� �f�r�o�m� �t�h�e� �t�u�b�e�s� �c�o�n�n�e�c�t�i�n�g� �t�h�e�m�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� 

�7�0�%� �(�7�0�.�4�%�)� �o�f� �t�h�e� �c�o�c�k�r�o�a�c�h�e�s� �f�r�o�m� �a�l�l� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� 

�r�e�m�a�i�n�e�d� �i�n� �t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�s�.� �I�n� �c�o�n�t�r�a�s�t� �t�o� �T�a�b�l�e� �1� �a�n�d� 

�F�i�g�u�r�e� �2�,� �T�a�b�l�e� �6� �a�n�d� �F�i�g�u�r�e� �6� �s�h�o�w� �d�i�f�f�e�r�e�n�t� �d�i�s�p�e�r�s�a�l� 

�p�a�t�t�e�r�n�s� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �c�o�m�p�o�n�e�n�t�s�.� �V�e�r�y� �l�i�t�t�l�e� 

�d�i�s�p�e�r�s�a�l� �o�f� �s�m�a�l�i� �n�y�a�p�h�s� �o�c�c�u�r�r�e�d� �f�r�o�m� �a�q�u�a�r�i�u�m� �1�.� �C�f� �t�h�e� 

�s�m�a�l�l� �n�y�a�p�h�s� �t�h�a�t� �r�e�m�a�i�n�e�d� �i�n� �t�h�e� �s�y�s�t�e�m�,� �8�6�.�1�%� �r�e�m�a�i�n�e�d� �i�n� 

�t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�a�.� �M�o�s�t� �o�f� �t�h�e� �a�d�u�l�t� �f�e�m�a�l�e�s� �a�n�d� �m�a�l�e�s� �a�l�s�o� 

�r�e�m�a�i�n�e�d� �i�n� �t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�s� �(�7�4�.�0�%� �a�n�d� �7�4�.�7�%� 

�r�e�s�p�e�c�t�i�v�e�l�y�)�.� �T�h�e� �g�r�e�a�t�e�s�t� �d�i�s�p�e�r�s�a�l� �w�a�s� �b�y� �t�h�e� �n�i�d�d�l�e� 

�i�n�s�t�a�r�s�,� �w�i�t�h� �o�n�l�y� �5�8�.�6�%� �r�e�m�a�i�n�i�n�g� �i�n� �t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�s�.� 

�I�f� �t�h�e� �c�o�c�k�r�o�a�c�h�e�s� �d�i�d� �n�o�t� �e�s�c�a�p�e�,� �b�u�t� �d�i�d� �n�o�t� �r�e�m�a�i�n� 

�i�n� �t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�m�,� �w�h�e�r�e� �d�i�d� �t�h�e�y� �d�i�s�p�e�r�s�e� �t�o�?� �A�b�o�u�t� �2�0�%� 

�(�1�9�.�1�%�)� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n�s� �d�i�s�p�e�r�s�e�d� �t�o� �a�q�u�a�r�i�u�m� �3�.� �T�h�i�s� 

�w�a�s� �t�h�e� �o�n�l�y� �o�t�h�e�r� �a�g�q�u�a�r�i�u�a�z� �w�i�t�h� �f�o�o�d�,� �w�a�t�e�r�,� �a�n�d� �s�h�e�l�t�e�r� 

�a�n�d� �c�o�n�t�a�i�n�e�d� �t�h�e� �s�e�c�o�n�d� �l�a�r�g�e�s�t� �p�e�r�c�e�n�t�a�g�e� �o�f� �e�a�c�h� 

�c�o�m�p�o�n�e�n�t�.� �M�o�r�e� �m�i�d�d�l�e� �i�n�s�t�a�r�s� �d�i�s�p�e�r�s�e�d� �t�o� �t�h�e� �t�h�i�r�d� 

�a�q�u�a�r�i�u�s� �(�2�7�.�6�%�)� �t�h�a�n� �a�n�y� �o�t�h�e�r� �c�o�m�p�o�n�e�n�t�.� �O�n�l�y� �1�0�.�2�%� �o�f� �t�h�e� 

�s�m�a�l�l� �n�y�m�p�h�s� �s�e�t�t�l�e�d� �t�h�e�r�e�.� �T�h�e� �p�e�r�c�e�n�t� �o�f� �a�d�u�l�t� �f�e�m�a�l�e�s� �a�n�d



�~�6�2�-� 

�M�a�l�e�s� �w�a�s� �i�n�t�e�r�m�e�d�i�a�t�e� �t�o� �t�h�e� �s�i�d�d�l�e� �a�n�d� �e�a�r�l�y� �i�n�s�t�a�r�s�.� 

�O�n�l�y� �1�0�.�4�%� �o�f� �t�h�o�s�e� �c�o�c�k�r�o�a�c�h�e�s� �t�h�a�t� �d�i�d� �n�o�t� �e�s�c�a�p�e� 

�w�e�r�e� �f�o�u�n�d� �o�u�t�s�i�d�e� �t�h�e� �t�w�o� �a�q�u�a�r�i�a� �p�r�o�v�i�d�e�d� �w�i�t�h� �f�o�o�d�,� 

�w�a�t�e�r�,� �a�n�d� �s�h�e�l�t�e�r�.� �R�o�u�g�h�l�y� �h�a�l�f� �o�f� �t�h�e�s�e� �w�e�r�e� �i�n� �t�h�e� 

�b�a�r�r�e�n�,� �s�e�c�o�n�d� �a�g�q�u�a�r�i�u�s�z� �a�n�d� �h�a�l�f� �i�n� �t�h�e� �t�u�b�e�s�.� �A�g�a�i�n�,� �n�o�r�e� 

�o�f� �t�h�e� �m�i�d�d�l�e� �i�n�s�t�a�r�s� �w�e�r�e� �f�o�u�n�d� �b�e�t�w�e�e�n� �a�q�u�a�r�i�a� �1� �a�n�d� �3� 

�(�1�3�.�9�%�)� �t�h�a�n� �a�n�y� �o�t�h�e�r� �c�o�m�p�o�n�e�n�t�.� �I�n� �c�o�n�t�r�a�s�t�,� �o�n�l�y� �3�.�6�%� �o�f� 

�t�h�e� �e�a�r�l�y� �i�n�s�t�a�r�s� �w�e�r�e� �b�e�t�w�e�e�n� �a�q�u�a�r�i�a� �1� �a�n�d� �3�.� �T�h�e� �p�e�r�c�e�n�t� 

�o�f� �a�d�u�l�t�s� �r�a�n�g�e�d� �b�e�t�w�e�e�n� �t�h�e� �l�o�w� �o�f� �t�h�e� �s�m�a�l�l� �n�y�a�p�h�s� �a�n�d� �t�h�e� 

�h�i�g�h� �o�f� �t�h�e� �m�e�d�i�u�m�-�s�i�z�e�d� �n�y�a�p�h�s�.� 

�E�f�f�e�c�t�s� �o�f� �F�e�m�a�l�e� �R�e�p�r�o�d�u�c�t�i�v�e� �S�t�a�t�e� �-� �L�i�t�t�l�e� 

�d�i�f�f�e�r�e�n�c�e� �w�a�s� �s�e�e�n� �i�n� �t�h�e� �p�a�t�t�e�r�n�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e� �w�h�e�n� �t�h�e� 

�r�e�s�u�l�t�s� �a�r�e� �b�r�o�k�e�n� �d�o�w�n� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �i�n�i�t�i�a�l� �f�e�n�a�l�e� 

�r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e�s� �a�s� �i�n� �T�a�b�l�e� �7�.� �M�o�s�t� �o�f� �t�h�e� �c�o�c�k�r�o�a�c�h�e�s� 

�o�f� �e�a�c�h� �c�o�a�p�o�n�e�n�t� �r�e�m�a�i�n�e�d� �i�n� �t�h�e� �o�r�i�g�i�n�a�l� �a�q�u�a�r�i�u�s� 

�r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �o�f� �t�h�e� �f�e�m�a�l�e�s� �i�n� �t�h�e� 

�p�o�p�u�l�a�t�i�o�n�.� �O�f� �t�h�o�s�e� �t�h�a�t� �d�i�s�p�e�r�s�e�d�,� �s�o�s�t� �w�e�r�e� �f�o�u�n�d� �i�n� �t�h�e� 

�t�h�i�r�d� �a�g�u�a�r�i�u�g�.� �A�l�i�s�o�,� �t�h�e� �s�i�d�d�l�e� �s�t�a�g�e� �n�y�m�p�h�s� �d�i�s�p�e�r�s�e�d� �f�r�o�m� 

�a�g�u�a�r�i�u�m� �1� �t�o� �3� �t�h�e� �m�o�s�t� �w�h�i�l�e� �t�h�e� �s�m�a�l�l� �n�y�m�p�h�s� �d�i�s�p�e�r�s�e�d� 

�t�h�e� �l�e�a�s�t�,� �w�i�t�h�o�u�t� �r�e�g�a�r�d� �t�o� �f�e�m�a�l�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e�.� �O�n�l�y� 

�a� �f�e�w� �d�i�s�c�r�e�p�e�n�c�i�e�s� �o�c�c�u�r�r�e�d�.� �F�e�w�e�r� �f�e�m�a�l�e�s� �w�i�t�h� �e�g�g� �c�a�s�e�s� 

�d�i�s�p�e�r�s�e�d� �t�o� �a�q�u�a�r�i�u�s� �3� �t�h�a�n� �d�i�d� �f�e�m�a�l�e�s� �w�i�t�h�o�u�t� �e�g�g� �c�a�s�e�s�.� 

�T�h�i�s� �i�s� �n�o�t� �r�e�f�l�e�c�t�e�d� �b�y� �f�e�w�e�r� �f�e�m�a�l�e�s� �d�i�s�p�e�r�s�i�n�g� �f�r�o�m� 

�a�q�u�a�r�i�u�m� �1� �a�s� �t�h�e�r�e� �i�s� �v�i�r�t�u�a�l�l�y� �n�o� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� 

�p�e�r�c�e�n�t� �o�f� �g�r�a�v�i�d� �f�e�m�a�l�e�s� �r�e�m�a�i�n�i�n�g� �(�7�5�.�0�%�)� �a�n�d� �t�h�e� �p�e�r�c�e�n�t
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�o�f� �"�n�o�n�-�g�r�a�v�i�d�"� �f�e�r�a�l�e�s� �r�e�m�a�i�n�i�n�g� �(�7�2�.�9�%�)�.� �T�h�e� �r�e�a�s�o�n� �i�s� 

�i�n�s�t�e�a�d� �r�e�f�l�e�c�t�e�d� �i�n� �t�h�e� �h�i�g�h�e�r� �p�r�o�p�o�r�t�i�o�n� �o�f� �g�r�a�v�i�d� �f�e�m�a�l�e�s� 

�o�c�c�u�r�r�i�n�g� �w�i�t�h�i�n� �t�h�e� �t�u�b�e�s� �(�1�2�.�8�%�)� �t�h�a�n�  ��n�o�n�-�g�r�a�v�i�d�"� �f�e�m�a�l�e�s� 

�(�1�.� �8�%�)� �-� �I�n� �f�a�c�t�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �m�e�d�i�u�z� �a�y�n�p�h�s� �i�n� 

�p�o�p�u�l�a�t�i�o�n�s� �c�o�n�t�a�i�n�i�n�g� �g�r�a�v�i�d� �f�e�r�a�l�e�s� �w�a�s� �a�l�s�o� �m�u�c�h� �h�i�g�h�e�r� 

�t�h�a�n� �i�n� �p�o�p�u�l�a�t�i�o�n�s� �w�i�t�h�o�u�t� �g�r�a�v�i�d� �f�e�m�a�l�e�s�.� �I�n� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �g�r�a�v�i�d� �f�e�m�a�l�e�s�,� �1�1�.�2�%� �o�f� �t�h�e� �m�e�d�i�u�m� �n�y�m�p�h�s� 

�w�e�r�e� �c�e�n�s�u�s�e�d� �i�n� �t�h�e� �t�u�b�e�s� �a�s� �c�c�m�p�a�r�e�d� �t�o� �o�n�l�y� �3�.�8�%� �o�f� 

�m�e�d�i�u�s� �a�y�m�p�h�s� �i�n� �t�h�e� �e�x�p�e�r�i�z�e�n�t� �w�i�t�h� �n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s�.� 

�E�f�f�e�c�t�s� �o�f� �F�e�m�a�l�e� �D�e�n�s�i�t�y� �-� �N�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� 

�p�a�t�t�e�r�n� �o�f� �d�i�s�p�e�r�s�a�l� �o�c�c�u�r�r�e�d� �w�h�e�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �v�e�r�e� 

�b�r�o�k�e�n� �d�o�w�n� �a�c�c�o�r�d�i�n�g� �t�o� �f�e�r�a�l�e� �d�e�n�s�i�t�y� �a�s� �i�n� �T�a�b�l�e� �8�.� 

�D�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �d�e�g�r�e�e� �o�f� �d�i�s�p�e�r�s�a�l�,� �h�o�w�e�v�e�r�,� �d�i�d� �o�c�c�u�r�.� 

�M�o�v�e�s�e�n�t� �f�r�o�m� �a�q�u�a�r�i�u�a� �1� �t�o� �a�q�u�a�r�i�u�m� �3� �w�a�s� �d�e�n�s�i�t�y� 

�d�e�p�e�n�d�e�n�t�.� �T�h�e� �p�e�r�c�e�n�t� �o�f� �a�d�u�l�t� �f�e�m�a�l�e�s�,� �a�d�u�l�t� �m�a�l�e�s�,� �a�n�d� 

�m�i�d�d�l�e� �s�t�a�g�e� �n�y�a�p�h�s� �t�h�a�t� �r�e�m�a�i�n�e�d� �i�n� �t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�m� 

�i�n�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �f�e�m�a�l�e� �d�e�n�s�i�t�y�.� �I�n� �o�t�h�e�r� �w�o�r�d�s�,� 

�d�i�s�p�e�r�s�a�l� �o�f� �t�h�o�s�e� �c�o�m�p�o�n�e�n�t�s� �d�e�c�r�e�a�s�e�d� �a�s� �f�e�m�a�l�e� �d�e�n�s�i�t�y� 

�i�n�c�r�e�a�s�e�d�.� �T�h�e� �p�e�r�c�e�n�t� �o�f� �s�m�a�l�l� �a�y�m�p�h�s� �r�e�m�a�i�n�i�n�g� �c�h�a�n�g�e�d� 

�v�e�r�y� �l�i�t�t�l�e�,� �r�a�n�g�i�n�g� �f�r�o�s� �8�5�.�6�%� �t�o� �8�6�.�5�%�.� �T�h�e� �p�e�r�c�e�n�t� �o�f� 

�s�a�a�l�l� �n�y�a�p�h�s� �d�i�s�p�e�r�s�e�d� �t�o� �a�q�u�a�r�i�u�m� �3� �a�t� �t�h�e� �h�i�g�h� �a�n�d� �l�o�w� 

�f�e�m�a�l�e� �d�e�n�s�i�t�i�e�s� �w�a�s� �v�e�r�y� �s�t�a�b�l�e� �(�1�2�.�5�%� �a�n�d� �1�2�.�2�%�)�.� �A� �l�a�r�g�e� 

�d�e�c�r�e�a�s�e� �o�c�c�u�r�r�e�d� �a�t� �t�h�e� �i�n�t�e�r�m�e�d�i�a�t�e� �f�e�m�a�l�e� �d�e�n�s�i�t�y� �(�o�n�l�y� 

�6�.�7�%�)�.� 

�T�h�e� �p�r�o�p�o�r�t�i�o�n�s� �o�f� �c�o�m�p�o�n�e�n�t�s� �o�u�t�s�i�d�e� �t�h�e� �t�w�o� �m�a�i�n
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�a�q�u�a�r�i�a� �v�a�r�i�e�d� �w�i�t�h� �f�e�m�a�l�e� �d�e�n�s�i�t�y�,� �b�u�t� �i�n� �n�o� �r�e�c�o�g�n�i�z�a�b�l�e� 

�p�a�t�t�e�r�n�.� �I�n� �g�e�n�e�r�a�l�,� �t�h�e�y� �r�e�p�r�e�s�e�n�t� �r�e�l�a�t�i�v�e�l�y� �s�m�a�l�l� 

�p�r�o�p�o�r�t�i�o�n�s� �o�f� �t�h�e� �t�o�t�a�l� �w�i�t�h� �t�w�o� �e�x�c�e�p�t�i�o�n�s�.� �F�i�r�s�t�,� �a�t�a� 

�d�e�n�s�i�t�y� �o�f� �f�o�u�r�,� �1�8�.�8�%� �o�f� �t�h�e� �f�e�m�a�l�e�s� �w�e�r�e� �f�o�u�n�d� �w�i�t�h�i�n� �t�h�e� 

�t�u�b�e�s�.� �T�h�i�s� �i�s� �r�e�f�l�e�c�t�e�d� �b�y� �t�h�e� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �f�e�m�a�l�e�s� �f�r�o�n� 

�t�h�e� �g�r�a�v�i�d� �f�e�a�a�l�e� �e�x�p�e�r�i�m�e�n�t� �a�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�.� �S�e�c�o�n�d�l�y�,� 

�a�t� �a� �f�e�m�a�l�e� �d�e�n�s�i�t�y� �o�f� �e�i�g�h�t�,� �1�7�.�0�%� �o�f� �t�h�e� �f�e�m�a�l�e�s� �w�e�r�e� 

�f�o�u�n�d� �i�n� �t�h�e� �s�e�c�o�n�d� �a�g�u�a�r�i�u�m�.� �T�h�i�s� �h�i�g�h� �f�i�g�u�r�e� �i�s� �d�u�e� �t�o� 

�o�n�l�y� �t�w�o� �p�a�r�t�i�c�u�l�a�r� �r�e�p�l�i�c�a�t�e�s� �i�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� 

�I�v�.� �D�i�s�p�e�r�s�a�l� �D�i�f�f�e�r�e�n�c�e�s� �B�e�t�v�e�e�n� �S�t�r�a�i�n�s� 

�D�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �r�a�t�e�s� �o�f� �d�i�s�p�e�r�s�a�l� �b�e�t�w�e�e�n� �V�P�I� 

�S�t�r�a�i�n� �w�i�l�d� �t�y�p�e� �a�n�d�a� �b�l�a�c�k� �b�o�d�y� �s�u�t�a�n�t� �s�t�r�a�i�n� �w�e�r�e� �a�l�s�o� 

�e�x�a�m�i�n�e�d�.� �S�i�n�c�e� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�s� �o�c�c�u�r�r�e�d� �b�e�t�w�e�e�n� 

�e�x�p�e�r�i�m�e�n�t�s� �u�s�i�n�g� �n�o�n�-�g�r�a�v�i�d� �a�n�d� �g�r�a�v�i�d� �f�e�w�a�l�e�s�,� �t�h�e� �t�w�o� 

�w�e�r�e� �c�o�m�b�i�n�e�d�.� �T�a�b�l�e� �9� �s�h�o�w�s� �t�h�e� �n�u�a�b�e�r� �o�f� �c�o�c�k�r�o�a�c�h�e�s� 

�r�e�m�a�i�n�i�n�g� �i�n� �t�h�e� �f�i�r�s�t� �s�h�e�l�t�e�r� �a�t� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� �f�e�m�a�l�e� 

�d�e�n�s�i�t�i�e�s� �a�n�d� �f�o�r� �t�h�e� �t�o�t�a�l�.� �A�s� �e�x�p�l�a�i�n�e�d�,� �h�a�l�f� �o�f� �t�h�e� 

�p�o�p�u�l�a�t�i�o�n�s� �w�e�r�e� �w�i�l�d� �t�y�p�e� �V�P�I� �s�t�r�a�i�n� �(�w�t�)� �a�n�d� �h�a�l�f� �w�e�r�e� 

�b�l�a�c�k� �b�o�d�y� �a�u�t�a�n�t�s� �(�B�1�)� �c�r�o�s�s�e�d� �t�o� �a� �f�i�e�l�d� �s�t�r�a�i�n�.� �T�h�e�r�e� �w�a�s� 

�v�e�r�y� �l�i�t�t�l�e� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �s�t�r�a�i�n�s�.� �T�h�e� �l�a�r�g�e�s�t� 

�d�i�f�f�e�r�e�n�c�e� �o�c�c�u�r�r�e�d� �b�e�t�w�e�e�n� �t�h�e� �s�t�r�a�i�n�s� �o�f� �m�e�d�i�u�m� �n�y�m�p�h�s�.� 

�F�i�g�u�r�e� �7� �s�h�o�w�s� �t�h�e� �f�r�e�q�u�e�n�c�y� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �m�i�d�d�l�e� �i�n�s�t�a�r� 

�c�o�c�k�r�o�a�c�h�e�s� �r�e�m�a�i�n�i�n�g� �i�n� �t�h�e� �f�i�r�s�t� �s�h�e�l�t�e�r�.� �T�h�e� �s�i�m�i�l�a�r�i�t�y� 

�b�e�t�w�e�e�n� �t�h�e� �t�w�o� �s�t�r�a�i�n�s� �c�a�n� �n�o�w� �b�e� �s�e�e�n� �m�o�r�e� �e�a�s�i�l�y�,� 

�e�s�p�e�c�i�a�l�l�y� �w�i�t�h� �t�h�e� �l�a�r�g�e� �d�e�g�r�e�e� �o�f� �v�a�r�i�a�b�i�l�i�t�y� �i�n�v�o�l�v�e�d
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�b�e�t�w�e�e�n� �t�h�e� �i�n�d�i�v�i�d�u�a�l� �r�e�p�l�i�c�a�t�e�s�.� �O�n�e� �s�o�u�r�c�e� �o�f� 

�v�a�r�i�a�b�i�l�i�t�y� �m�a�y� �b�e� �d�i�f�f�e�r�e�n�c�e�s� �b�e�t�w�e�e�n� �f�e�m�a�l�e�s� �i�n� �t�h�e� �"�n�o�n�-� 

�g�r�a�v�i�d�"� �e�x�p�e�r�i�m�e�n�t� �t�h�a�t� �d�e�v�e�l�o�p�e�d� �e�g�g� �c�a�s�e�s� �a�n�d� �f�e�m�a�l�e�s� �t�h�a�t� 

�r�e�m�a�i�n�e�d� �n�o�n�-�g�r�a�v�i�d�.



�D�I�S�C�U�S�S�I�O�N� 

�T�h�a�t� �s�o� �m�a�n�y� �s�m�a�l�l� �n�y�m�p�h�s� �d�i�s�p�e�r�s�e�d� �a�w�a�y� �f�r�o�m� �t�h�e� �f�o�o�d�,� 

�w�a�t�e�r�,� �a�n�d� �s�h�e�l�t�e�r� �o�f� �t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�m� �i�s� �s�u�r�p�r�i�s�i�n�g�.� 

�O�t�h�e�r� �l�a�b�o�r�a�t�o�r�y� �s�t�u�d�i�e�s� �(�B�r�e�t� �e�t� �a�l�.� �u�n�p�u�b�l�.�)� �a�s� �w�e�l�i� �a�s� 

�f�i�e�l�d� �o�b�s�e�r�v�a�t�i�o�n�s� �(�R�o�s�s� �e�t� �a�l�.� �u�n�p�u�b�l�.�)� �h�a�v�e� �i�n�d�i�c�a�t�e�d� 

�t�h�a�t� �e�a�r�l�y� �i�n�s�t�a�r� �n�y�a�p�h�s� �t�e�n�d� �t�o� �r�e�m�a�i�n� �s�t�a�t�i�o�n�a�r�y� �n�e�a�r� 

�f�o�o�d�,� �w�a�t�e�r�,� �a�n�d� �s�u�i�t�a�b�l�e� �r�e�f�u�g�e�.� �H�o�w�e�v�e�r�,� �t�h�e� �p�r�e�s�e�n�t� �d�a�t�a� 

�d�o� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �c�o�n�t�r�a�d�i�c�t� �t�h�i�s�.� �T�h�e� �l�a�r�g�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�n�y�m�p�h�a�l� �d�i�s�p�e�r�s�a�l� �a�p�p�e�a�r�s� �t�o� �b�e� �a�n� �a�r�t�i�f�a�c�t� �d�u�e� �t�o� �e�s�c�a�p�e� 

�f�r�o�m� �t�h�e� �s�y�s�t�e�m�.� �T�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�m� �w�a�s� �s�e�a�l�e�d� �o�f�f� �f�r�o�m� �t�h�e� 

�o�t�h�e�r�s� �f�o�r� �t�w�o� �d�a�y�s� �p�r�i�o�r� �t�o� �t�h�e� �e�x�p�e�r�i�m�e�n�t� �t�o� �a�l�l�o�w� �t�h�e� 

�c�o�c�k�r�o�a�c�h�e�s� �t�o� �a�c�c�l�i�m�a�t�e� �t�o� �n�e�w� �s�u�r�r�o�u�n�d�i�n�g�s� �a�n�d� �f�o�r�m� �a�n� 

�a�g�g�r�e�g�a�t�e� �g�r�o�u�p�.� �T�h�e� �o�n�l�y� �s�e�a�n�s� �o�f� �e�s�c�a�p�e� �w�a�s� �u�n�d�e�r� �t�h�e� �l�i�d�.� 

�O�n�l�y� �t�h�e� �e�a�r�l�y� �i�n�s�t�a�r�s� �c�o�u�l�d� �e�s�c�a�p�e� �b�y� �t�h�i�s� �r�o�u�t�e� �b�e�c�a�u�s�e� �o�f� 

�t�h�e�i�r� �s�g�a�l�l� �s�i�z�e�.� �T�h�u�s�,� �m�o�s�t� �o�f� �t�h�e� �o�t�h�e�r� �m�e�m�b�e�r�s� �o�f� �t�h�e� 

�p�o�p�u�l�a�t�i�o�n� �w�e�r�e� �r�e�t�a�i�n�e�d� �b�y� �t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�m� �l�o�n�g� �e�n�o�u�g�h� 

�t�o� �s�e�t�t�l�e� �d�o�w�n� �a�n�d� �a�g�g�r�e�g�a�t�e� �i�n� �t�h�e� �c�a�r�d�b�o�a�r�d� �s�h�e�i�t�e�r�s�.� �I�n� 

�c�o�n�t�r�a�s�t�,� �i�s�u�m�e�d�i�a�t�e� �d�i�s�p�e�r�s�a�l� �b�y� �s�m�a�l�l� �n�y�m�p�h�s� �w�a�s� �l�e�s�s� 

�l�i�g�i�t�e�d� �f�o�l�l�o�w�i�n�g� �t�h�e�i�r� �i�n�t�r�o�d�u�c�t�i�o�n� �t�o� �t�h�e� �n�e�w� �e�n�v�i�r�o�n�m�e�n�t� 

�o�f� �t�h�e� �a�q�u�a�r�i�u�s�.� �T�h�i�s� �h�e�l�p�s� �e�x�p�l�a�i�n� �w�h�y� �s�o� �m�a�n�y� �s�a�a�l�l� �n�y�s�p�h�s� 

�e�s�c�a�p�e�d� �f�r�o�m� �t�h�e� �s�y�s�t�e�m�.� �I�n� �a� �s�h�i�p�b�o�a�r�d� �e�x�p�e�r�i�n�e�n�t�,� 

�d�i�s�t�u�r�b�a�n�c�e� �o�f� �a�n� �i�n�f�e�s�t�e�d� �h�a�r�b�o�r�a�g�e� �c�a�u�s�e�d� �a� �g�r�e�a�t�e�r� 

�d�i�s�p�e�r�s�i�o�n� �a�m�o�n�g� �s�m�a�l�l� �n�y�a�p�h�s� �t�h�a�n� �a�n�y� �o�t�h�e�r� �a�g�e� �c�l�a�s�s� �(�R�o�s�s� 

�u�n�p�u�b�l�.�)�.� �A�n�o�t�h�e�r� �f�a�c�t�o�r� �t�h�a�t� �m�a�y� �h�a�v�e� �p�l�a�y�e�d� �a� �r�o�l�e� �i�n� �t�h�e� 
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�e�s�c�a�p�e� �o�f� �l�a�r�g�e� �n�u�a�b�e�r�s� �o�f� �e�a�r�l�y� �i�n�s�t�a�r�s� �w�a�s� �t�h�e� �l�a�c�k� �o�f� 

�S�u�i�t�a�b�l�e� �s�h�e�i�t�e�r�s� �i�n� �a�g�u�a�r�i�u�m� �1�.� �E�a�r�l�y� �i�n�s�t�a�r� �n�y�s�p�h�s� �p�r�e�f�e�r� 

�s�p�a�c�e�s� �l�e�s�s� �t�h�a�n� �0�.�5�0�c�a� �(�B�e�r�t�h�o�l�d� �a�n�d� �W�i�l�s�o�n� �1�9�6�7�)� �a�n�d� �c�a�n� 

�e�v�e�n� �f�i�t� �i�n� �c�r�a�c�k�s� �a�n�d� �c�r�e�v�i�c�e�s� �o�f� �o�n�l�y� �0�.�0�5�c�m� �(�W�i�l�l�e� �1�9�2�0�;� 

�K�l�u�n�k�e�r� �1�9�7�7�)�.� �T�h�e� �1�.�0�c�a� �h�i�g�h� �s�h�e�l�t�e�r�s� �d�i�d� �n�o�t� �p�r�o�v�i�d�e� �t�h�e� 

�t�h�i�g�m�o�t�a�x�i�c� �s�t�i�s�g�u�l�u�s� �r�e�q�u�i�r�e�d� �o�f� �e�a�r�l�y� �i�n�s�t�a�r�s�.� �S�o�m�m�e�r� 

�S�h�o�w�e�d� �t�h�a�t� �e�a�r�l�y� �i�n�s�t�a�r�s� �w�i�l�l� �s�e�a�r�c�h� �f�o�r� �h�i�d�i�n�g� �p�l�a�c�e�s� 

�s�u�i�t�a�b�l�e� �t�o� �t�h�e�i�r� �h�o�d�y� �s�i�z�e�,� �a�n�d� �l�a�t�e�r� �r�e�t�u�r�n� �t�o� �t�h�e� 

�a�g�g�r�e�g�a�t�i�o�n� �o�f� �t�h�e� �g�r�o�u�p� �(�S�o�m�m�e�r� �1�9�7�5�b�)�.� �T�h�u�s�,� �t�h�e� �o�t�h�e�r� 

�c�o�m�p�o�n�e�n�t�s� �w�e�r�e� �a�b�l�e� �t�o� �f�i�n�d� �s�u�i�t�a�b�l�e� �r�e�f�u�g�e� �i�n� �t�h�e� �s�h�e�l�t�e�r�s� 

�o�r�,� �b�e�i�n�g� �l�a�r�g�e�r� �t�h�a�n� �t�h�e� �s�m�a�l�l� �n�y�m�p�h�s�,� �w�e�r�e� �u�n�a�b�l�e� �t�o� �c�r�a�w�l� 

�u�n�d�e�r� �t�h�e� �l�i�d�s� �a�t�o�p� �t�h�e� �a�q�u�a�r�i�a�.� 

�T�h�e� �r�e�s�t� �o�f� �t�h�i�s� �d�i�s�c�u�s�s�i�o�n� �c�e�n�t�e�r�s� �a�r�o�u�n�d� �t�h�e� 

�d�i�s�p�e�r�s�a�l� �o�f� �t�h�o�s�e� �c�o�c�k�r�o�a�c�h�e�s� �r�e�m�a�i�n�i�n�g� �i�n� �t�h�e� �s�y�s�t�e�n� �o�f� 

�a�q�u�a�r�i�a� �a�n�d� �c�o�n�n�e�c�t�i�n�g� �t�u�b�e�s�.� �T�h�r�e�e� �a�s�p�e�c�t�s� �o�f� �t�h�i�s� 

�d�i�s�p�e�r�s�a�l� �a�r�e� �a�d�d�r�e�s�s�e�d�.� �T�h�e� �f�i�r�s�t� �i�n�v�o�l�v�e�s� �t�h�e� �p�a�t�t�e�r�n� �o�f� 

�d�i�s�p�e�r�s�a�l� �f�r�o�m� �t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�m� �w�i�t�h� �r�e�g�a�r�d� �t�o� �t�h�e� 

�c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n�.� �T�h�e� �s�e�c�o�n�d� �a�d�d�r�e�s�s�e�s� �t�h�e� 

�e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �a�d�d�i�t�i�o�n�a�l� �h�a�r�b�o�r�a�g�e� �i�n� �t�h�e� �t�h�i�r�d� �a�q�u�a�r�i�u�a�.� 

�F�i�n�a�l�l�y�,� �t�h�e� �d�i�s�p�e�r�s�a�l� �o�f� �t�h�e� �t�w�o� �s�t�r�a�i�n�s� �o�f� �c�o�c�k�r�o�a�c�h�e�s� �i�s� 

�d�i�s�c�u�s�s�e�d�.� 

�i�.� �D�i�s�p�e�r�s�a�l� �f�r�o�m� �f�i�r�s�t� �a�q�u�a�r�i�u�m� �e�x�c�l�u�d�i�n�g� �e�s�c�a�p�e�e�s� 

�N�o� �c�o�n�c�r�e�t�e� �c�o�n�c�l�u�s�i�o�n�s� �c�o�u�l�d� �b�e� �d�r�a�w�n� �f�r�o�m� �t�h�e� �r�e�s�u�l�t�s� 

�o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�s� �c�o�m�p�a�r�i�n�g� �g�r�a�v�i�d� �v�s�  ��n�o�n�-�g�r�a�v�i�d�"� �f�e�n�a�l�e�s� 

�d�u�e� �t�o� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �e�y�g� �c�a�s�e�s� �b�y� �t�h�e�  ��n�o�n�-�g�r�a�v�i�d�"
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�f�e�m�a�l�e�s�.� �T�h�i�s� �i�s� �n�o�t� �b�e�c�a�u�s�e� �d�i�f�f�e�r�e�n�c�e�s� �d�i�d� �n�o�t� �e�x�i�s�t�.� �I�n� 

�f�a�c�t�,� �t�h�e�r�e� �d�i�d� �a�p�p�e�a�r� �t�o� �b�e� �a� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �d�i�s�p�e�r�s�a�l� 

�o�f� �t�h�e� �f�e�m�a�l�e�s�.� �O�f� �t�h�e�  ��n�o�n�-�g�r�a�v�i�d�"� �f�e�m�a�l�e�s�,� �t�h�o�s�e� �t�h�a�t� 

�d�e�v�e�l�o�p�e�d� �e�g�g� �c�a�s�e�s� �d�i�s�p�e�r�s�e�d� �l�e�s�s� �t�h�a�n� �t�h�o�s�e� �t�h�a�t� �d�i�d� �n�o�t�.� 

�T�h�i�s� �t�i�e�s� �i�n� �w�i�t�h� �r�e�s�u�l�t�s� �f�r�o�m� �a�n�o�t�h�e�r� �l�a�b�o�r�a�t�o�r�y� �e�x�p�e�r�i�m�e�n�t� 

�i�n� �w�h�i�c�h� �g�r�a�v�i�d� �f�e�m�a�l�e�s� �a�g�g�r�e�g�a�t�e�d� �m�o�r�e� �w�i�t�h�i�n� �s�h�e�l�t�e�r�s� �t�h�a�n� 

�f�e�m�a�l�e�s� �w�i�t�h�o�u�t� �e�g�g� �c�a�s�e�s� �(�B�r�e�t� �e�t� �a�l�.� �u�n�p�u�b�l�.�)�.� 

�T�h�e� �p�e�r�c�e�n�t� �o�f� �n�o�n�-�e�g�g� �c�a�s�e� �b�e�a�r�i�n�g� �f�e�m�a�l�e�s� �L�e�m�a�i�n�i�n�g� 

�i�n� �a�q�u�a�r�i�u�m� �1� �d�e�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �d�e�n�s�i�t�y�.� �T�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �a� �d�i�s�p�e�r�s�i�o�n�-�i�n�d�u�c�i�n�g� �s�u�b�s�t�a�n�c�e� �h�a�s� �b�e�e�n� 

�s�u�g�g�e�s�t�e�d� �a�s� �a� �r�e�s�p�o�n�s�e� �t�o� �d�e�n�s�i�t�y� �p�r�e�s�s�u�r�e�s� �{�S�u�t�o� �a�n�d� 

�K�u�m�a�d�a� �1�9�8�1�)�.� �F�e�m�a�l�e�s� �w�i�t�h�o�u�t� �e�g�g� �c�a�s�e�s� �m�a�y� �b�e� �t�h�e� �c�o�m�p�o�n�e�n�t� 

�o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �r�e�s�p�o�n�s�i�b�l�e�,� �a�t� �l�e�a�s�t� �i�n� �p�a�r�t�,� �f�o�r� �t�h�i�s� 

�s�u�b�s�t�a�n�c�e�.� �A�s� �t�h�e� �d�e�n�s�i�t�y� �o�f� �n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s� �i�n�c�r�e�a�s�e�d� 

�t�h�e� �a�m�o�u�n�t� �o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�i�s� �s�u�b�s�t�a�n�c�e� �m�a�y� �a�l�s�o� �h�a�v�e� 

�i�n�c�r�e�a�s�e�d�.� �S�i�s�i�l�a�r�l�y�,� �a� �c�o�n�c�o�m�i�t�a�n�t� �d�e�c�r�e�a�s�e� �i�n� �p�r�o�d�u�c�t�i�o�n� 

�o�f� �a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�m�o�n�e� �m�a�y� �a�l�s�o� �h�a�v�e� �o�c�c�u�r�r�e�d�.� 

�T�h�e� �o�p�p�o�s�i�t�e� �r�e�s�u�l�t� �w�a�s� �s�e�e�n� �w�i�t�h� �t�h�o�s�e� �f�e�m�a�l�e�s� �t�h�a�t� 

�d�e�v�e�l�o�p�e�d� �e�g�g� �c�a�s�e�s� �i�n� �t�h�e� �c�o�u�r�s�e� �o�f� �t�h�e� �w�e�e�k�.� �I�n�c�r�e�a�s�i�n�g� 

�d�e�n�s�i�t�y� �r�e�s�u�l�t�e�d� �i�n� �i�n�c�r�e�a�s�e�d� �a�g�g�r�e�g�a�t�i�o�n� �o�r� �d�e�c�r�e�a�s�e�d� 

�d�i�s�p�e�r�s�a�l�.� �T�h�i�s� �r�e�l�a�t�i�o�n�s�h�i�p� �w�a�s� �S�i�m�i�l�a�r� �t�o� �t�h�a�t� �o�f� �t�h�e� 

�f�e�m�a�l�e�s� �i�n� �t�h�e� �g�r�a�v�i�d� �f�e�m�a�l�e� �e�x�p�e�r�i�g�z�e�n�t�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� 

�a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�g�z�o�n�e�s� �i�n� �m�a�l�e�s� �a�n�d� �e�a�r�l�y� �i�n�s�t�a�r� �n�y�m�p�h�s� �h�a�s� 

�b�e�e�n� �w�e�l�l� �r�e�c�o�r�d�e�d� �(�P�e�t�t�i�t� �1�9�4�0�;� �L�e�d�o�u�x� �1�9�4�5�;� �I�s�h�i�i� �a�n�d� 

�K�u�w�a�h�a�r�a� �1�9�6�7�,� �1�9�6�8�)�.� �I�t� �a�p�p�e�a�r�s� �t�h�a�t� �g�r�a�v�i�d� �f�e�m�a�l�e�s� �n�a�y
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�a�l�s�o� �p�r�o�d�u�c�e� �a�n� �a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�m�o�n�e� �a�n�d� �t�h�a�t� �t�h�i�s� �m�a�y� �b�e� 

�d�e�n�s�i�t�y� �d�e�p�e�n�d�e�n�t�.� �A�s� �t�h�e� �n�u�m�b�e�r� �o�f� �g�r�a�v�i�d� �f�e�m�a�l�e�s� 

�i�n�c�r�e�a�s�e�d�,� �t�h�e� �a�m�o�u�n�t� �o�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �a�g�g�r�e�g�a�t�i�o�n� 

�p�h�e�r�o�g�m�o�n�e� �p�r�e�s�u�g�a�b�l�y� �i�n�a�c�r�e�a�s�e�d�.� �T�h�i�s� �i�n�c�r�e�a�s�e�d� �p�h�e�r�o�a�o�n�e� 

�p�r�o�d�u�c�t�i�o�n� �w�o�u�l�d� �a�l�s�o� �e�x�p�l�a�i�n� �t�h�e� �i�n�c�r�e�a�s�e�d� �n�u�a�b�e�r�s� �o�f� �a�d�u�l�t� 

�m�a�l�e�s� �a�n�d� �m�e�d�i�u�n� �n�y�a�p�h�s� �t�h�a�t� �r�e�m�a�i�n�e�d� �i�n� �a�q�u�a�r�i�u�m� �1� �a�s� �t�h�e� 

�f�e�m�a�l�e� �d�e�n�s�i�t�y� �i�n�c�r�e�a�s�e�d�.� 

�T�h�e� �c�o�n�t�r�a�s�t�i�n�g� �b�e�h�a�v�i�o�r�s� �o�f� �g�r�a�v�i�d� �a�n�d� �n�o�n�-�g�r�a�v�i�d� 

�f�e�m�a�l�e�s� �a�n�d� �t�h�e�i�r� �e�f�f�e�c�t�s� �o�n� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �b�e�a�r� 

�a� �c�l�o�s�e� �r�e�s�e�m�b�l�a�n�c�e� �t�o� �t�h�o�s�e� �o�f� �a�n�o�t�h�e�r� �e�x�p�e�r�i�z�e�n�t� �o�n� 

�w�i�t�h�i�n�-�h�a�r�b�o�r�a�g�e� �g�r�o�u�p� �f�o�r�m�a�t�i�o�n� �(�B�r�e�t� �e�t� �a�l�.� �u�n�p�u�b�l�.�)�.� �I�n� 

�t�h�a�t� �e�x�p�e�r�i�m�e�n�t�,� �a� �d�i�r�e�c�t� �r�e�l�a�t�i�o�n�s�h�i�p� �o�c�c�u�r�r�e�d� �h�e�t�w�e�e�n� �t�h�e� 

�d�e�n�s�i�t�y� �o�f� �g�r�a�v�i�d� �f�e�m�a�l�e�s� �a�n�d� �t�h�e� �d�e�g�r�e�e� �o�f� �a�g�g�r�e�g�a�t�i�o�n� �f�o�r� 

�e�a�c�h� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �e�x�c�e�p�t� �a�d�u�l�t� �m�a�l�e�s�.� �A�n� 

�i�n�v�e�r�s�e� �r�e�l�a�t�i�o�n�s�h�i�p� �o�c�c�u�r�r�e�d� �b�e�t�w�e�e�n� �t�h�e� �d�e�n�s�i�t�y� �o�f� �n�o�n�-� 

�g�r�a�v�i�d� �f�e�m�a�l�e�s� �a�n�d� �t�h�e� �a�g�g�r�e�g�a�t�i�o�n� �o�f� �t�h�e� �c�o�m�p�o�n�e�n�t�s�,� �a�g�a�i�n� 

�w�a�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �a�d�u�l�t� �s�a�l�e�s�.� �T�h�e� �c�l�o�s�e� �S�i�m�i�l�a�r�i�t�y� 

�b�e�t�w�e�e�n� �t�h�o�s�e� �r�e�s�u�l�t�s� �a�n�d� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �e�x�p�e�r�i�n�e�n�t� 

�l�e�a�v�e� �l�i�t�t�l�e� �d�o�u�b�t� �t�h�a�t� �t�h�e� �s�a�m�e� �b�a�s�i�c� �m�e�c�h�a�n�i�s�w� �i�s� �i�n�v�o�l�v�e�d� 

�i�n� �b�o�t�h� �c�a�s�e�s�.� �T�h�e� �c�o�m�b�i�n�e�d� �e�f�f�e�c�t�s� �o�f� �t�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� 

�S�t�a�t�e� �a�n�d� �t�h�e� �d�e�n�s�i�t�y� �o�f� �f�e�m�a�l�e�s� �i�n� �a� �p�o�p�u�l�a�t�i�o�n� �i�n�f�l�u�e�n�c�e� 

�b�o�t�h� �t�h�e� �s�p�a�t�i�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �w�i�t�h�i�n� �a� �h�a�r�b�o�r�a�g�e� �a�s� �w�e�l�l� �a�s� 

�t�h�e� �d�i�s�p�e�r�s�a�l� �f�r�o�a� �a� �h�a�r�b�o�r�a�g�e�.� 

�T�h�e� �a�d�v�a�n�t�a�g�e�s� �o�f� �a� �r�e�g�i�m�e� �o�f� �p�h�e�r�o�m�o�n�e� �p�r�o�d�u�c�t�i�o�n� �s�u�c�h� 

�a�s� �t�h�i�s� �c�a�n� �b�e� �s�e�e�n� �i�n� �t�h�e� �c�o�n�t�e�x�t�s� �o�f� �r�e�s�o�u�r�c�e� �a�l�l�o�c�a�t�i�o�n
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�a�n�d� �h�a�r�b�o�r�a�g�e� �f�a�v�o�r�a�b�i�l�i�t�y�.� �G�r�a�v�i�d� �f�e�m�a�l�e�s� �h�a�v�e� �a� �l�a�r�g�e� 

�e�n�e�r�g�y� �b�u�d�g�e�t� �r�e�q�u�i�r�e�m�e�n�t� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �e�g�g� �c�a�s�e�s�.� 

�G�r�a�v�i�d� �f�e�m�a�l�e�s� �m�u�s�t� �a�l�l�o�c�a�t�e� �e�n�e�r�g�y� �t�o�w�a�r�d�s� �t�h�i�s� 

�d�e�v�e�l�o�p�m�e�n�t�.� �T�h�e�y� �c�a�n� �n�o�t� �a�f�f�o�r�d� �t�o� �e�x�p�e�n�d� �e�n�e�r�g�y� �o�n� 

�d�i�s�p�e�r�s�a�l� �w�h�e�n� �i�t� �i�s� �n�e�e�d�e�d� �f�o�r� �r�e�p�r�o�d�u�c�t�i�o�n�.� �F�e�m�a�l�e�s� 

�w�i�t�h�o�u�t� �e�g�g� �c�a�s�e�s� �l�a�c�k� �t�h�i�s� �e�n�e�r�g�y� �r�e�q�u�i�r�e�m�e�n�t� �a�n�d� �t�h�u�s� 

�r�e�p�r�e�s�e�n�t� �t�h�e� �a�o�s�t� �f�a�v�o�r�a�b�l�e� �s�t�a�t�e� �f�o�r� �f�e�m�a�l�e� �d�i�s�p�e�r�s�i�o�n�.� 

�M�e�t�a�b�o�l�i�c� �r�e�s�o�u�r�c�e�s� �a�r�e� �a�v�a�i�l�a�b�l�e� �f�o�r� �d�i�s�p�e�r�s�a�l�.� �T�h�i�s� 

�b�e�h�a�v�i�o�r� �s�a�y� �h�a�v�e� �i�m�p�l�i�c�a�t�i�o�n�s� �f�o�r� �t�h�e� �o�t�h�e�r� �m�e�a�b�e�r�s� �o�f� �t�h�e� 

�p�o�p�u�l�a�t�i�o�n� �a�s� �w�e�l�l�.� �F�e�m�a�l�e�s� �w�o�u�l�d� �p�r�e�s�u�g�a�b�l�y� �s�e�t�t�l�e� �i�n�a� 

�h�a�b�i�t�a�t� �m�o�s�t� �f�a�v�o�r�a�b�l�e� �f�o�r� �t�h�e� �g�r�o�w�t�h� �a�n�d� �d�e�v�e�l�o�p�a�s�e�n�t� �o�f� �t�h�e� 

�e�g�g� �c�a�s�e� �a�n�d� �f�o�r� �t�h�e� �g�r�o�w�t�h� �a�n�d� �s�u�r�v�i�v�a�l� �o�f� �n�e�w�l�y� �h�a�t�c�h�e�d� 

�n�y�a�p�h�s�.� �A�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�m�o�n�e�s� �p�r�o�d�u�c�e�d� �b�y� �g�r�a�v�i�d� �f�e�m�a�l�e�s� 

�w�o�u�l�d� �e�n�s�u�r�e� �t�h�a�t� �s�m�a�l�l� �n�y�a�p�h�s� �r�e�m�a�i�n�e�d� �w�i�t�h�i�n� �t�h�e� �s�a�f�e�t�y� �o�f� 

�t�h�e� �h�a�r�b�o�r�a�g�e�.� �T�h�i�s� �w�a�s� �s�e�e�n� �i�n� �t�h�e� �l�a�r�g�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�s�p�a�l�l� �n�y�a�p�h�s� �r�e�m�a�i�n�i�n�g� �i�n� �t�h�e� �f�i�r�s�t� �a�q�u�a�r�i�u�m� �w�i�t�h� �t�h�e� �g�r�a�v�i�d� 

�f�e�m�a�l�e�s�.� �T�h�i�s� �b�e�h�a�v�i�o�r� �h�a�s� �b�e�e�n� �n�o�t�e�d� �i�n� �o�t�h�e�r� �l�a�b�o�r�a�t�o�r�y� 

�a�n�d�  ��f�i�e�l�d�"� �e�x�p�e�r�i�m�e�n�t�s� �b�y� �t�h�i�s� �a�u�t�h�o�r�.� �I�n� �p�a�r�t�i�c�u�l�a�r�,� �a� 

�r�e�c�e�n�t� �e�x�p�e�r�i�m�e�n�t� �a�b�o�a�r�d� �a� �N�a�v�a�l� �v�e�s�s�e�l� �s�h�o�w�e�d� �g�r�a�v�i�d� 

�f�e�m�a�l�e�s� �a�n�d� �e�a�r�l�y� �i�n�s�t�a�r� �n�y�a�p�h�s� �a�g�g�r�e�g�a�t�i�n�g� �t�o�g�e�t�h�e�r� �i�n� 

�h�a�r�b�o�r�a�g�e�s� �n�e�a�r� �f�o�o�d�,� �w�a�t�e�r�,� �a�n�d� �s�u�i�t�a�b�l�e� �s�h�e�l�t�e�r� �(�B�r�e�t� �e�t� 

�a�l�.� �a�n�p�u�b�l�.�)�.� �O�t�h�e�r� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �a�l�s�o� �n�o�t�e�d� �t�h�e� �s�t�r�o�n�g� 

�p�r�o�p�e�n�s�i�t�y� �f�o�r� �a�g�g�r�e�g�a�t�i�o�n� �d�i�s�p�l�a�y�e�d� �b�y� �s�m�a�l�l� �n�y�m�p�h�s� �{�P�e�t�t�i�t� 

�1�9�4�0�;� �L�e�d�o�u�x� �1�9�4�5�;� �I�s�h�i�i� �a�n�d� �K�u�w�a�h�a�r�a� �1�9�6�7�)�.� 

�S�o�m�m�e�r� �(�1�9�7�5�b�)� �n�o�t�e�d� �t�h�a�t� �a�s� �y�o�u�n�g� �n�y�a�p�h�s� �m�a�t�u�r�e�,� �t�h�e�y
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�a�g�g�r�e�g�a�t�e� �l�e�s�s�.� �T�h�e� �m�e�d�i�u�m� �n�y�m�p�h�s� �i�n� �t�h�i�s� �e�x�p�e�r�i�m�e�n�t� 

�d�i�s�p�e�r�s�e�d� �t�h�e� �m�o�s�t�.� �L�a�r�g�e�r� �n�y�a�p�h�s� �a�r�e� �a�p�p�a�r�e�n�t�l�y� �l�e�s�s� 

�r�e�s�p�o�n�s�i�v�e� �t�o� �a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�s�o�n�e�s� �t�h�a�n� �s�p�a�l�l� �n�y�m�p�h�s�.� �I�t� 

�a�p�p�e�a�r�s� �t�h�a�t� �s�i�d�d�l�e� �a�n�d� �l�a�t�e� �i�n�s�t�a�r� �n�y�m�p�h�s� �m�a�y� �h�e� �t�h�e� 

�p�r�i�m�a�r�y� �d�i�s�p�e�r�s�e�r�s� �o�f� �a� �p�o�p�u�l�a�t�i�o�n�.� �M�i�d�d�l�e� �a�n�d� �l�a�t�e� �i�n�s�t�a�r� 

�G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�e�s� �d�i�s�p�e�r�s�e�d� �t�h�e� �m�o�s�t� �o�n� �t�h�e� �s�h�i�p�b�o�a�r�d� 

�e�x�p�e�r�i�m�e�n�t� �s�e�n�t�i�o�n�e�d� �a�b�o�v�e� �(�B�r�e�t� �e�t� �a�l�.� �u�n�p�u�b�l�.�)�.� �I�n� 

�a�d�d�i�t�i�o�n�,� �a� �r�e�c�e�n�t� �g�e�n�e�t�i�c� �c�o�n�t�r�o�l� �e�x�p�e�r�i�m�e�n�t� �i�n�d�i�c�a�t�e�d� �t�h�a�t� 

�m�i�d�d�l�e� �t�o� �l�a�t�e� �i�n�s�t�a�r�s� �m�a�y� �b�e� �r�e�a�d�i�l�y� �d�i�s�p�e�r�s�e�d� �h�y� 

�i�n�s�e�c�t�i�c�i�d�e� �t�r�e�a�t�m�e�n�t�s� �(�R�o�s�s� �e�t� �a�l�.� �1�9�8�1�)�.� �T�h�e� �n�y�m�p�h�s� �o�f� 

�A�m�e�r�i�c�a�n� �c�o�c�k�r�o�a�c�h�e�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �s�o�v�e� �g�o�r�e� 

�t�h�a�n� �a�d�u�l�t�s� �(�C�h�a�d�w�i�c�k� �a�n�d� �S�h�a�w� �1�9�7�4�)�.� 

�T�h�e� �a�d�u�l�t� �m�a�i�e�s� �b�e�h�a�v�e�d� �i�n� �a� �m�a�n�n�e�r� �s�i�m�i�l�a�r� �t�o� �t�h�e� 

�a�d�u�l�t� �f�e�m�a�l�e�s�.� �M�a�l�e�s� �m�a�y� �h�a�v�e� �r�e�s�p�o�n�d�e�d� �t�o� �t�h�e�i�r� �o�w�n� 

�a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�m�o�n�e� �b�u�t� �t�h�i�s� �a�l�o�n�e� �w�o�u�l�d� �n�o�t� �e�x�p�l�a�i�n� �t�h�e�i�r� 

�b�e�h�a�v�i�o�r�.� �A� �r�e�s�p�o�n�s�e� �t�o� �a�n� �a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�m�o�n�e� �p�r�o�d�u�c�e�d� �b�y� 

�t�h�e� �f�e�m�a�l�e�s� �w�o�u�l�d� �e�x�p�l�a�i�n� �t�h�e� �d�e�c�r�e�a�s�e�d� �d�i�s�p�e�r�s�a�l� �o�f� �a�a�l�e�s� 

�f�r�o�m� �t�h�e� �f�i�r�s�t� �a�g�u�a�r�i�u�m� �a�s� �t�h�e� �d�e�n�s�i�t�y� �o�f� �f�e�m�a�l�e�s�,� �a�n�d� �h�e�n�c�e� 

�p�h�e�r�o�m�o�n�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �i�n�c�r�e�a�s�e�d�.� �A� �r�e�s�p�o�n�s�e� �t�o� �t�h�e� 

�f�e�m�a�l�e�s�*� �s�e�x� �p�h�e�r�o�m�o�n�e�s� �i�s� �u�n�l�i�k�e�l�y� �a�s� �t�h�e�y� �a�r�e� �n�o�t� �p�r�o�d�u�c�e�d� 

�b�y� �f�e�m�a�l�e�s� �w�i�t�h� �e�g�g� �c�a�s�e�s� �(�R�o�t�h� �1�9�6�7�)�.� 

�I�t�.� �D�i�s�t�r�i�b�u�t�i�o�n� �o�f� �c�o�c�k�r�o�a�c�h�e�s� �a�m�o�n�g� �t�h�e� �t�h�r�e�e� �a�g�u�a�r�i�a� 

�T�h�a�t� �m�o�s�t� �o�f� �t�h�e� �c�o�c�k�r�o�a�c�h�e�s� �d�i�s�p�e�r�s�e�d� �f�r�o�m� �a�q�u�a�r�i�u�m� �1� 

�w�e�r�e� �f�o�u�n�d� �i�n� �t�h�e� �t�h�i�r�d� �a�q�u�a�r�i�u�s� �e�r�a�p�h�a�s�i�z�e�s� �t�h�e� �i�m�p�o�r�t�a�n�c�e� 

�o�f� �f�o�o�d�,� �w�a�t�e�r�,� �a�n�d� �s�h�e�l�t�e�r� �i�n� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �n�e�w
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�h�a�r�b�o�r�a�g�e�s�.� �A�q�u�a�r�i�u�s� �3� �w�a�s� �t�h�e� �f�a�r�t�h�e�s�t� �r�e�m�o�v�e�d� �f�r�o�m� 

�a�q�u�a�r�i�u�a� �1�,� �y�e�t� �c�o�n�t�a�i�n�e�d� �t�h�e� �m�o�s�t� �d�i�s�p�e�r�s�e�r�s�.� �T�h�i�s� �s�h�o�u�l�d� 

�n�o�t� �b�e� �s�u�r�p�r�i�s�i�n�g� �s�i�n�c�e� �i�t� �w�a�s� �t�h�e� �o�n�l�y� �o�t�h�e�r� �a�q�u�a�r�i�u�m� �t�h�a�t� 

�p�r�o�v�i�d�e�d� �f�o�o�d�,� �w�a�t�e�r�,� �a�n�d� �s�h�e�l�t�e�r�.� �M�u�e�l�l�e�r� �(�1�9�7�8�)� �h�a�s� 

�C�l�e�a�r�l�y� �s�h�o�w�n� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �a� �r�e�g�u�l�a�r� �s�u�p�p�l�y� �o�f� �f�o�o�d� �a�n�d� 

�w�a�t�e�r� �t�o� �c�o�c�k�r�o�a�c�h� �f�e�c�u�n�d�i�t�y� �a�n�d� �s�u�r�v�i�v�a�l�.� �A�g�u�a�r�i�u�m� �2� 

�p�r�o�v�i�d�e�d� �n�o� �s�h�e�l�t�e�r�s�,�f�o�o�d�,� �o�r� �w�a�t�e�r�.� �C�o�c�k�r�o�a�c�h�e�s� �f�o�u�n�d� 

�t�h�e�r�e� �w�e�r�e� �m�o�s�t� �l�i�k�e�l�y� �i�n� �t�r�a�n�s�i�t� �b�e�t�w�e�e�n� �a�q�u�a�r�i�a� �1� �a�n�d� �3�.� 

�L�i�k�e�w�i�s�e�,� �t�h�e� �t�u�b�e�s� �o�n�l�y� �p�r�o�v�i�d�e�d� �r�o�u�t�e�s� �o�f� �t�r�a�v�e�l�.� �I�n� �t�h�e� 

�e�x�p�e�r�i�m�e�n�t� �w�i�t�h� �n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s�,� �t�h�e� �t�u�b�e�s� �d�i�d� �c�o�n�t�a�i�n� 

�m�a�n�y� �m�o�r�e� �c�o�c�k�r�o�a�c�h�e�s� �t�h�a�n� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d�,� �b�u�t� �i�t� �w�a�s� �t�h�e� 

�l�a�s�t� �s�e�t� �o�f� �e�x�p�e�r�i�m�e�n�t�s�.� �A�l�t�h�o�u�g�h� �t�h�e� �t�u�b�e�s� �w�e�r�e� �t�h�o�r�o�u�g�h�l�y� 

�w�a�s�h�e�d� �a�f�t�e�r� �e�a�c�h� �u�s�e�,� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �t�h�e�y� �b�e�c�a�m�e� 

�i�m�p�r�e�g�n�a�t�e�d� �w�i�t�h� �p�h�e�r�o�m�o�n�e�s� �a�f�t�e�r� �r�e�p�e�a�t�e�d� �u�s�e�.� �I�n� �f�a�c�t�,� �t�h�e� 

�l�a�r�g�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �f�e�m�a�l�e�s� �a�n�d� �m�e�d�i�u�m� �n�y�a�p�h�s� �i�n� �t�h�e� �t�u�b�e�s� 

�c�a�n� �b�e� �t�r�a�c�e�d� �b�a�c�k� �t�o� �o�n�e� �p�a�r�t�i�c�u�l�a�r� �r�e�p�l�i�c�a�t�e�.� 

�I�I�I�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �t�w�o� �s�t�r�a�i�n�s� �o�f� �c�o�c�k�r�o�a�c�h� 

�N�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �d�i�s�p�e�r�s�a�l� �o�c�c�u�r�r�e�d� �b�e�t�w�e�e�n� �t�h�e� �w�i�l�d� 

�t�y�p�e� �V�P�I� �s�t�r�a�i�n� �a�n�d� �t�h�e� �b�l�a�c�k� �b�o�d�y� �m�u�t�a�n�t� �c�r�o�s�s�e�d� �t�o� �a� �f�i�e�l�d� 

�S�t�r�a�i�n�.� �T�h�i�s� �d�o�e�s� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �m�e�a�n� �t�h�a�t� �n�o� �d�i�f�f�e�r�e�n�c�e�s� 

�o�c�c�u�r� �b�e�t�w�e�e�n� �w�i�l�d� �t�y�p�e� �a�n�d� �b�l�a�c�k� �b�o�d�y� �s�t�r�a�i�n�s� �o�r� �b�e�t�w�e�e�n� 

�V�P�I� �l�a�b�o�r�a�t�o�r�y� �a�n�d� �f�i�e�l�d� �c�a�u�g�h�t� �s�t�r�a�i�n�s�.� �S�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �r�a�t�e� �o�f� �m�o�v�e�m�e�n�t� �b�e�t�w�e�e�n� �f�i�e�l�d� �c�a�u�g�h�t� 

�c�o�c�k�r�o�a�c�h�e�s� �a�n�d� �h�o�t�h� �l�a�b�o�r�a�t�o�r�y� �r�e�a�r�e�d� �w�i�l�d� �t�y�p�e� �a�n�d� 

�l�a�b�o�r�a�t�o�r�y� �r�e�a�r�e�d� �b�l�a�c�k� �b�o�d�y� �c�o�c�k�r�o�a�c�h�e�s� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �i�n
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�a� �l�a�b�o�r�a�t�o�r�y� �e�x�p�e�r�i�m�e�n�t� �(�A�k�e�r�s� �1�9�7�8�)�.� �B�y� �c�r�o�s�s�i�n�g� �b�l�a�c�k� �b�o�d�y� 

�m�u�t�a�n�t�s� �w�i�t�h� �f�i�e�l�d� �c�a�u�g�h�t� �c�o�c�k�r�o�a�c�h�e�s� �o�n�e� �s�h�o�u�l�d� �g�e�t� �a� 

�b�e�h�a�v�i�o�r�a�l� �r�e�s�p�o�n�s�e� �m�o�r�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�f� �n�a�t�u�r�a�l� 

�p�o�p�u�l�a�t�i�o�n�s�.� �B�l�a�c�k� �b�o�d�y� �a�u�t�a�n�t�s� �a�r�e� �p�a�r�t�i�c�u�l�a�r�l�y� �u�s�e�f�u�l� �f�o�r� 

�m�a�r�k�-�r�e�c�a�p�t�u�r�e� �s�t�u�d�i�e�s� �s�i�n�c�e� �t�h�e� �m�a�r�k�,� �t�h�e� �b�o�d�y� �p�i�g�m�e�n�t�,� �i�s� 

�n�o�t� �l�o�s�t� �b�y� �t�h�e� �n�y�a�p�h�s� �a�f�t�e�r� �e�a�c�h� �m�o�l�t�.� �L�o�s�s� �o�f� �t�h�e� �m�a�r�k� 

�d�u�r�i�n�g� �m�o�l�t�i�n�g� �h�a�s� �b�e�e�n� �a� �s�a�j�o�r� �o�b�s�t�a�c�l�e� �t�o� �s�t�u�d�i�e�s� �o�f� 

�n�y�a�p�h�a�l� �s�o�v�e�n�e�n�t�.� �f�h�e� �b�l�a�c�k� �b�o�d�y� �m�u�t�a�n�t�,� �a�n�d� �t�w�o� �c�t�h�e�r� 

�c�o�l�o�r� �m�u�t�a�n�t�s�,� �h�a�v�e� �a�l�r�e�a�d�y� �b�e�e�n� �u�s�e�d� �s�u�c�c�e�s�s�f�u�l�l�y� �t�o� �s�t�u�d�y� 

�c�o�c�k�r�o�a�c�h� �s�o�v�e�m�e�n�t� �o�n� �b�o�a�r�d� �a� �N�a�v�a�l� �s�h�i�p� �(�B�r�e�t� �e�t� �a�l�.� 

�u�n�p�u�b�l�.�)� �a�n�d� �i�n� �a� �m�u�l�t�i�p�l�e� �d�w�e�l�l�i�n�g� �u�n�i�t� �{�A�k�e�r�s� �a�n�d� �R�o�b�i�n�s�o�n� 

�1�9�8�1�)�.� 

�I�t� �i�s� �c�l�e�a�r� �t�h�a�t� �r�e�s�e�a�r�c�h�e�r�s� �a�r�e� �j�u�s�t� �b�e�g�i�n�n�i�n�g� �t�o� 

�u�n�r�a�v�e�l� �t�h�e� �c�o�s�p�l�e�x�i�t�i�e�s� �o�f� �c�o�c�k�r�o�a�c�h� �b�e�h�a�v�i�o�r�.� �T�h�e� 

�k�n�o�w�l�e�d�g�e� �g�a�i�n�e�d� �b�y� �s�u�c�h� �i�n�f�o�r�m�a�t�i�o�n� �c�a�n� �h�o�p�e�f�u�l�l�y� �k�e� 

�a�p�p�l�i�e�d� �t�o� �i�m�p�r�o�v�e� �p�r�e�s�e�n�t� �m�e�t�h�o�d�s� �o�f� �c�o�n�t�r�o�l�l�i�n�g� �c�o�c�k�r�o�a�c�h� 

�i�n�f�e�s�t�a�t�i�o�n�s�.� �T�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �o�f� �t�h�e� �f�e�m�a�l�e�s�,� �a�s� 

�w�e�l�l� �a�s� �t�h�e� �r�e�l�a�t�i�v�e� �n�u�m�b�e�r�s� �c�a�u�g�h�t�,� �s�a�y� �p�r�o�v�i�d�e� �i�a�p�o�r�t�a�n�t� 

�i�n�f�o�r�m�a�t�i�o�n� �r�e�g�a�r�d�i�n�g� �p�o�p�u�l�a�t�i�o�n� �d�y�n�a�m�i�c�s� �o�f� �a� �g�r�o�u�p� �o�f� 

�c�o�c�k�r�o�a�c�h�e�s� �w�i�t�h�i�n� �a� �h�a�r�b�o�r�a�g�e�.� �A�l�t�h�o�u�g�h� �A�q�u�a�r�i�a� �1� �a�n�d� �3� 

�w�e�r�e� �s�e�p�a�r�a�t�e�d� �b�y� �a� �v�e�r�y� �s�h�o�r�t� �d�i�s�t�a�n�c�e�,� �t�h�e�i�r� �s�e�x�/�a�g�e� �c�l�a�s�s� 

�s�t�r�u�c�t�u�r�e�s� �w�e�r�e� �q�u�i�t�e� �d�i�f�f�e�r�e�n�t�.� �H�i�g�h� �n�u�m�b�e�r�s� �o�f� �n�o�n�-�g�r�a�v�i�d� 

�f�e�a�a�l�e�s� �t�r�a�p�p�e�d� �a�w�a�y� �f�r�o�m� �h�a�r�b�o�r�a�g�e� �s�i�t�e�s� �c�o�u�l�d� �w�e�l�l� 

�i�n�d�i�c�a�t�e� �a� �d�i�s�p�e�r�s�i�n�g� �p�o�p�u�l�a�t�i�o�n� �d�u�e� �t�o� �d�i�s�i�n�i�s�h�i�n�g
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�r�e�s�o�u�r�c�e�s�.� �C�o�n�v�e�r�s�e�l�y�,� �l�o�w� �n�u�m�b�e�r�s� �o�f� �n�o�n�-�g�r�a�v�i�d� �f�e�m�a�l�e�s� 

�B�i�g�h�t� �s�u�g�g�e�s�t� �a� �r�e�l�a�t�i�v�e�l�y� �s�t�a�b�l�e�,� �s�e�d�e�n�t�a�r�y� �p�o�p�u�l�a�t�i�o�n� �d�u�e� 

�t�o� �f�a�v�o�r�a�b�l�e� �h�a�r�b�o�r�a�g�e� �c�o�n�d�i�t�i�o�n�s�.� 

�M�i�d�d�l�e� �t�o� �l�a�t�e� �i�n�s�t�a�r� �n�y�m�p�h�s� �m�a�y� �w�e�l�l� �b�e� �t�h�e� �n�s�o�s�t� 

�i�g�p�o�r�t�a�n�t� �c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� 

�e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �n�e�w� �h�a�r�b�o�r�a�g�e� �s�i�t�e�s�.� �S�u�r�v�e�y�s� �t�h�a�t� �r�e�v�e�a�l� �a� 

�h�i�g�h� �p�r�o�p�o�r�t�i�o�n� �o�f� �t�h�e�s�e� �n�y�r�p�h�s� �m�a�y� �b�e� �i�n�d�i�c�a�t�i�v�e� �o�f� �s�i�t�e�s� 

�t�h�a�t� �h�a�v�e� �j�u�s�t� �b�e�e�n� �e�s�t�a�b�l�i�s�h�e�d� �b�y� �d�i�s�p�e�r�s�a�l� �f�r�o�m� �o�t�h�e�r�,� 

�p�o�s�s�i�b�l�y� �o�v�w�e�r�-�c�r�o�w�d�e�d�,� �s�i�t�e�s�.� �T�h�i�s� �h�a�s� �a�l�s�o� �b�e�e�n� �i�n�d�i�c�a�t�e�d� 

�b�y� �t�h�e� �w�o�r�k� �o�f� �o�t�h�e�r�s� �(�{�S�h�e�r�r�o�n�,� �e�t� �a�l�.� �1�9�8�2�)� �C�o�n�v�e�r�s�e�l�y�,� 

�S�i�t�e�s� �w�i�t�h� �a� �d�i�s�p�r�o�p�o�r�t�i�o�n�a�t�l�y� �s�m�a�l�l� �a�m�o�u�n�t� �o�f� �s�e�d�i�u�m� �t�o� 

�l�a�t�e� �i�n�s�t�a�r�s� �s�w�a�y� �i�n�d�i�c�a�t�e� �r�e�c�e�n�t� �d�i�s�p�e�r�s�a�l� �a�n�d� �a�n� �a�d�d�i�t�i�o�n�a�l� 

�h�a�r�b�o�r�a�g�e� �s�i�t�e� �m�i�g�h�t� �b�e� �f�o�u�n�d� �u�p�o�n� �f�u�r�t�h�e�r� �s�c�r�u�t�i�n�y�.� 

�S�m�a�l�l� �n�y�a�p�h�s� �a�p�p�e�a�r� �t�o� �b�e� �t�h�e� �l�e�a�s�t� �i�m�p�o�r�t�a�n�t� �c�o�m�p�o�n�e�n�t� 

�i�n� �t�h�e� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �n�e�w� �h�a�r�b�o�r�a�g�e�s�.� �A� �p�r�e�p�o�n�d�e�r�a�n�c�e� �o�f� 

�s�m�a�l�l� �n�y�a�p�h�s� �i�n� �t�r�a�p�s� �m�a�y� �i�n�d�i�c�a�t�e� �a� �s�t�r�e�s�s�e�d� �e�n�v�i�r�o�n�m�e�n�t�.� �A� 

�s�h�o�r�t�a�g�e� �o�f� �s�u�i�t�a�b�l�e� �r�e�f�u�g�e� �w�o�u�l�d� �f�o�r�c�e� �s�m�a�l�l� �n�y�a�p�h�s� �t�o� 

�d�i�s�p�e�r�s�e� �a�n�d� �t�h�i�s� �s�h�o�u�l�d� �b�e� �r�e�f�l�e�c�t�e�d� �i�n� �t�r�a�p� �c�a�t�c�h�e�s�.� 

�U�n�f�o�r�t�u�n�a�t�e�l�y�,� �m�o�s�t� �t�r�a�p�s� �a�r�e� �n�o�t� �a�d�e�q�u�a�t�e� �f�o�r� �t�h�e� �c�a�p�t�u�r�e� 

�o�f� �s�m�a�l�l� �n�y�m�p�h�s� �{�R�o�s�s� �1�9�8�1�)�.� 

�M�o�s�t� �m�a�r�k�-�r�e�c�a�p�t�u�r�e� �s�t�u�d�i�e�s� �i�g�n�o�r�e� �n�y�a�p�h�s� �a�l�t�o�g�e�t�h�e�r� 

�d�u�e� �t�o� �p�r�o�b�l�e�m�s� �i�n�v�o�l�v�e�d� �w�i�t�h� �l�o�s�s� �o�f� �t�h�e� �m�a�r�k�.� �E�v�e�n� �s�o�r�e� 

�u�n�f�o�r�t�u�n�a�t�e� �a�r�e� �t�h�o�s�e� �i�n�s�t�a�n�c�e�s� �w�h�e�r�e� �r�e�s�e�a�r�c�h�e�r�s� �d�i�s�c�u�s�s� 

�c�o�c�k�r�o�a�c�h� �p�o�p�u�l�a�t�i�o�n�s� �a�s� �w�h�o�l�e� �e�n�t�i�t�i�e�s� �r�a�t�h�e�r� �t�h�a�n� �b�r�e�a�k�i�a�g� 

�t�h�e�m� �d�o�w�n� �b�y� �s�e�x� �a�n�d�/�o�r� �a�g�e� �c�l�a�s�s�e�s�.� �T�h�i�s� �h�a�s� �b�e�e�n� �d�o�n�e
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�s�u�c�c�e�s�s�f�u�l�l�y� �i�n� �a�f�e�w� �i�n�s�t�a�n�c�e�s� �w�h�e�r�e� �d�i�f�f�e�r�e�n�t�i�a�l� 

�p�o�p�u�l�a�t�i�o�n� �s�t�r�u�c�t�u�r�e�s� �w�e�r�e� �r�e�l�a�t�e�d� �t�o� �s�a�n�i�t�a�t�i�o�n�,� 

�a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �r�e�s�o�u�r�c�e�s�,� �s�u�i�t�a�b�i�l�i�t�y� �o�f� �r�e�f�u�g�e�,� �a�n�d� 

�d�e�n�s�i�t�y� �(�R�o�s�s� �a�n�d� �W�r�i�g�h�t� �1�9�7�7�;� �K�e�i�l� �1�9�8�1�;� �a�n�d� �S�h�e�r�r�o�n� �e�t� �a�l�.� 

�1�9�8�2�)�.� �T�h�e�s�e� �t�y�p�e�s� �o�f� �c�r�i�t�i�c�a�l� �a�n�a�l�y�s�e�s� �a�r�e� �i�m�p�e�r�a�t�i�v�e� �i�f� 

�w�e� �a�r�e� �t�o� �r�e�a�c�h� �a� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �b�e�h�a�v�i�o�r� �a�n�d� 

�d�y�n�a�m�i�c�s� �o�f� �c�o�c�k�r�o�a�c�h� �i�n�f�e�s�t�a�t�i�o�n�s�.
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�T�h�e� �r�e�p�r�o�d�u�c�t�i�v�e� �s�t�a�t�e� �a�n�d� �d�e�n�s�i�t�y� �o�f� �t�h�e� �f�e�m�a�l�e�s� �i�n�a� 

�h�a�r�b�o�r�a�g�e� �a�p�p�e�a�r�s� �t�o� �h�a�v�e� �a� �b�e�a�r�i�n�g� �o�n� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� 

�c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�a�t� �p�o�p�u�l�a�t�i�o�n�.� �T�h�i�s� �w�o�r�k� �i�n�d�i�c�a�t�e�s� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �a� �r�e�m�a�r�k�a�b�l�e� �s�y�s�t�e�m� �o�f� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �p�r�e�s�u�m�a�b�l�y� 

�c�h�e�m�i�c�a�l�.� �T�h�e� �d�i�f�f�e�r�e�n�t�i�a�l� �p�r�o�d�u�c�t�i�o�n� �o�f� �a�g�g�r�e�g�a�t�i�o�n� �a�n�d� 

�d�i�s�p�e�r�s�i�o�n� �s�u�b�s�t�a�n�c�e�s� �s�e�e�m�s� �t�o� �b�e� �a�n� �e�f�f�e�c�t�i�v�e� �m�e�t�h�o�d� �o�f� 

�m�a�i�n�t�a�i�n�i�n�g� �t�h�e� �i�n�t�e�g�r�i�t�y� �o�f� �a� �g�r�o�u�p� �u�n�d�e�r� �f�a�v�o�r�a�b�i�e� 

�c�o�n�d�i�t�i�o�n�s�.� �U�n�d�e�r� �u�n�f�a�v�o�r�a�b�l�e� �c�o�n�d�i�t�i�o�n�s� �t�h�i�s� �s�a�m�e� �s�y�s�t�e�a� 

�c�a�n� �e�n�s�u�r�e� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �t�h�e� �s�p�e�c�i�e�s� �b�y� �t�h�e� �s�e�l�e�c�t�i�v�e� 

�d�i�s�p�e�r�s�a�l� �o�f� �p�a�r�t�i�c�u�l�a�r� �c�o�m�p�o�n�e�n�t�s� �o�f� �t�h�e� �p�o�p�u�l�a�t�i�o�n�.� �T�h�i�s� 

�w�o�r�k� �a�l�s�o� �s�h�o�w�s� �h�o�w� �c�a�u�t�i�o�n� �m�u�s�t� �b�e� �e�x�e�r�c�i�s�e�d� �i�n� �t�h�e� 

�i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �t�r�a�p�p�i�n�g� �d�a�t�a�.� �C�o�c�k�r�o�a�c�h� �p�o�p�u�l�a�t�i�o�n�s� �a�r�e� 

�d�y�n�a�m�i�c�,� �f�l�u�c�t�u�a�t�i�n�g� �d�u�e� �t�o� �c�h�a�n�g�e�s� �i�n� �r�e�f�u�g�e�/�r�e�s�o�u�r�c�e� 

�a�v�a�i�l�a�b�i�l�i�t�y�,� �d�e�n�s�i�t�y�,� �d�i�s�p�e�r�s�a�l�,� �a�n�d� �i�n�s�e�c�t�i�c�i�d�e� �p�r�e�s�s�u�r�e�s�.� 

�E�x�a�m�i�n�a�t�i�o�n� �o�f� �a�g�e�y�s�s�e�x� �s�t�r�u�c�t�u�r�e�s� �m�a�y� �r�e�v�e�a�l� �i�n�f�o�r�m�a�t�i�o�n� 

�a�b�o�u�t� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �a�n� �i�n�f�e�s�t�a�t�i�o�n� �a�t� �t�h�a�t� �p�o�i�n�t� �i�n� 
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�i�n�s�e�c�t�i�c�i�d�e�s� �(�i�n�c�l�u�d�i�n�g� �w�h�e�r�e� �a�n�d� �w�h�e�n� �t�o� �S�p�r�a�y�)�,� �g�e�n�e�t�i�c� 

�c�o�n�t�r�o�l�s�,� �b�i�o�l�o�g�i�c�a�l� �c�o�n�t�r�o�l�s�,� �o�r� �o�t�h�e�r� �i�n�t�e�g�r�a�t�e�d� �p�e�s�t� 
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�A�k�e�r�s�,� �R�.�C�.� �a�n�d� �W�.�H�.� �R�o�b�i�n�s�o�n�.� �1�9�8�1�.� �S�p�a�t�i�a�l� �p�a�t�t�e�r�n�s� �a�n�d� 
�m�o�v�e�m�e�n�t� �o�f� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�e�s� �i�n� �u�r�b�a�n�,� �l�o�w�-�i�n�c�o�m�e� 
�a�p�a�r�t�m�e�n�t�s� �(�(�D�i�c�t�y�o�p�t�e�r�a�:� �B�l�a�t�t�e�l�l�i�d�a�e�)�.� �P�r�o�c�.� 
�E�n�t�o�a�o�l�.� �S�o�c�.� �W�a�s�h�.� �8�3�(�1�)�:� �1�6�8�-�1�7�2�.� 

�A�l�c�a�m�o�,� �I�.�E�.� �a�n�d� �A�.�M�.� �F�r�i�s�h�m�a�n�.� �1�9�8�0�.� �T�h�e� �m�i�c�r�o�b�i�a�l� �f�l�o�r�a� 
�o�f� �f�i�e�l�d�-�c�o�l�l�e�c�t�e�d� �c�o�c�k�r�o�a�c�h�e�s� �a�n�d� �o�t�h�e�r� �a�r�t�h�r�o�p�o�d�s�.� 
�J�e� �E�n�v�i�r�o�n�.� �H�e�a�l�t�h� �4�2�(�5�)�2� �2�6�3�-�2�6�6�.� 

�A�n�o�n�y�a�o�u�s�.� �1�9�5�3�.� �f�h�e� �T�y�l�e�r� �P�r�o�j�e�c�t�.� �T�e�x�a�s� �H�e�a�l�t�h� �B�u�l�l�.� 
�6�(�3�)�:� �8�-�1�5�3�;� �6�(�7�)�:� �1�2�-�1�5�.� 

� � 

�B�e�l�l�,� �W�.�J�.�,� �T�.� �B�u�r�k�,� �a�n�d� �G�.�R�.� �S�a�m�s�.� �1�9�7�3�.� �C�o�c�k�r�o�a�c�h� 
�a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�m�o�n�e�:� �d�i�r�e�c�t�i�o�n�a�l� �o�r�i�e�n�t�a�t�i�o�n�.� �B�e�h�a�v�.� 
�B�i�o�l�.� �9�:� �2�5�1�-�2�5�5�.� 

�B�e�l�l�,� �W�.�J�.�,� �R�e�-�E�w�j� �G�o�r�t�o�n� �J�r�.�,� �M�.�K�.� �T�o�u�r�t�e�l�l�o�t�,� �a�n�d� �M�.�D�.� 
�B�r�e�e�d�.� �1�9�7�9�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �m�a�l�e� �a�g�o�n�i�s�t�i�c� �b�e�h�a�v�i�o�r� �i�n� 
�f�i�v�e� �s�p�e�c�i�e�s� �o�f� �c�o�c�k�r�o�a�c�h�e�s�.� �I�n�s�e�c�t�e�s� �S�o�c�.� �2�6� �(�3�)�:� 
�2�5� �2�-� �2�6�3�.� 

�B�e�l�l�,� �W�.�J�.�,� �C�.� �P�a�r�s�o�n�s�,� �a�n�d� �E�.�-�A�w� �M�a�r�t�i�n�k�o�.� �1�9�7�2�.� 
�C�o�c�k�r�o�a�c�h� �a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�m�o�n�e�s�:� �A�n�a�l�y�s�i�s� �o�f� 
�a�g�g�r�e�g�a�t�i�o�n� �t�e�n�d�e�n�c�y� �a�n�d� �s�p�e�c�i�e�s� �s�p�e�c�i�f�i�c�i�t�y� 
�(�O�r�t�h�o�p�t�e�r�a�:� �B�l�a�t�t�i�d�a�e�)�.� �J�e� �K�a�n�s�a�s� �E�n�t�o�a�o�l�.� �S�o�c�.� 
�4�5� �(�4�)�:� �4�1�4�-�4�8�2�1�.� 

�B�e�r�t�h�o�l�d�,� �R�.�J�r�.� �a�n�d� �B�.�8�.� �W�i�l�s�o�n�.� �1�9�6�7�.� �R�e�s�t�i�n�g� �b�e�h�a�v�i�o�r� �o�f� 
�t�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�.� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a�.� �A�n�n�.� 
�E�n�t�o�m�o�l�.� �S�o�c�.� �A�m�e�r�.� �6�0�{�2�)�:� �3�4�7�-�3�5�1�.� 

�B�r�e�e�d�,� �M�.�D�.� �a�n�d� �J�.�A�.�~� �B�y�e�r�s�.� �1�9�7�9�.� �T�h�e� �e�f�f�e�c�t� �o�f� �p�o�p�u�l�a�t�i�o�n� 
�d�e�n�s�i�t�y� �o�n� �s�p�a�c�i�n�g� �p�a�t�t�e�r�n�s� �a�n�d� �b�e�h�a�v�i�o�r�a�l� �i�n�t�e�r�a�c�t�i�o�n�s� 
�i�n� �t�h�e� �c�o�c�k�r�o�a�c�h�,� �B�y�r�s�o�t�r�i�a� �f�u�m�i�g�a�t�a� �(�G�u�e�r�i�n�)�.� �B�e�h�a�v�.� 
�N�e�u�r�a�l� �B�i�o�l�.� �2�7�:� �5�2�3�-�5�3�1�.� 

�B�r�e�e�d�,� �M�.�D�.�,� �C�.�M�.� �H�i�n�k�l�e�,� �a�n�d� �W�.�J�.� �B�e�l�l�.� �1�9�7�5�.� �A�g�o�n�i�s�t�i�c� 
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�b�e�h�a�v�i�o�r� �i�n� �t�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�,� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a�.� 
�Z� �T�i�e�r�p�s�y�c�h�.� �3�9�:�2�4�-�3�2�.� 

�B�u�l�o�w�,� �F�.�J�.� �a�n�d� �D�.�G�.�H�u�g�g�i�n�s�.� �1�9�6�8�.� �M�a�r�k�-�a�n�d�-�r�e�c�a�p�t�u�r�e� 
�m�e�t�h�o�d�s� �f�o�r� �s�t�u�d�y�i�n�g� �d�o�m�e�s�t�i�c� �c�o�c�k�r�o�a�c�h� �p�o�p�u�l�a�t�i�o�n�s�,� 
�I�o�w�a� �A�c�a�d�.� �S�c�i�.� �7�5�(� �)�:� �4�8�7�-�4�5�6�.� 

�B�u�r�k�,� �T�.� �a�n�d� �W�.�J�.� �B�e�l�l�.� �1�9�7�3�.� �C�o�c�k�r�o�a�c�h� �a�g�g�r�e�g�a�t�i�o�n� 
�p�h�e�r�o�a�o�n�e�:� �i�n�h�i�b�i�t�i�o�n� �o�f� �l�o�c�o�m�o�t�i�o�n� �(�O�r�t�h�o�p�t�e�r�a�:� 
�B�l�a�t�t�i�d�a�e�)�.� �J�.� �K�.�~�S�.� �E�n�t�o�m�o�l�.� �S�o�c�.� �4�6�1�)�:� �3�6�-�4�1�.� 

�C�h�a�d�w�i�c�k�,� �P�.�R�.� �a�n�d� �R�.�D�.� �S�h�a�w�.� �1�9�7�4�.� �C�o�c�k�r�o�a�c�h� �c�o�n�t�r�o�l� �i�n� 
�s�e�w�e�r�s� �i�n� �S�i�n�g�a�p�o�r�e� �u�s�i�n�g� �b�i�o�r�e�s�m�e�t�h�r�i�n� �a�n�d� �p�i�p�e�r�o�n�y�l� 
�b�u�t�o�x�i�d�e� �a�s� �a� �t�h�e�r�m�a�l� �f�o�g�.� �P�e�s�t�i�c�.� �S�c�i�.� �5�:� �6�9�1�-�7�0�1�.� 

�C�h�a�u�v�i�n�,� �R�.� �1�9�4�5�.� �N�o�t�e�s� �s�u�r� �l�a� �p�h�y�s�i�o�l�g�i�e� �c�o�m�p�a�r�e�e� �d�e�s� 
�O�r�t�h�o�p�t�e�r�e�s�.� �V�Y�.� �L�'�t�e�f�f�e�c�t� �d�e� �g�r�o�u�p�e� �e�t� �l�a� �c�r�o�i�s�s�a�n�c�e� 
�l�a�r�v�a�i�r�e� �d�e�s� �B�l�a�t�t�e�s�,� �d�e�s� �G�r�i�l�l�o�n�s�,� �e�t� �d�u� �P�h�a�n�e�r�o�p�t�e�r�e�.� 
�B�u�l�l�.� �S�o�c�.� �Z�o�o�l�.� �F�r�a�n�c�e�.� �7�1�1�)�:� �3�9�-�4�8�.� 

�C�l�o�u�d�s�l�e�y�-�T�h�o�a�p�s�o�n�,� �J�.�L�.� �1�9�5�3�.� �S�t�u�d�i�e�s� �i�n� �d�i�u�r�n�a�l� �r�h�y�t�h�m�s�.� 
�I�I�I�.� �P�h�o�t�o�p�e�r�i�o�d�i�s�m� �i�n� �t�h�e� �c�o�c�k�r�o�a�c�h�,� �(�P�e�r�i�p�l�a�n�e�t�a� 
�a�m�e�r�i�c�a�n�a�)�.� �A�n�n�.� �M�a�g�.� �N�a�t�.� �H�i�s�t�.� �1�2�(�6�)�:� �7�0�5�-�7�1�6�.� 

�C�o�c�h�r�a�n�,� �D�.�G�.� �1�9�7�9�.� �A� �g�e�n�e�t�i�c� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� 
�i�n�s�e�m�i�n�a�t�i�o�n� �f�r�e�q�u�e�n�c�y� �a�n�d� �s�p�e�r�m� �p�r�e�c�e�d�e�n�c�e� �i�n� �t�h�e� 
�G�e�r�m�a�n� �C�o�c�k�r�o�a�c�h�.� �E�n�t�o�m�o�l�.� �E�x�p�.� �A�p�p�l�.� �2�6�:� �2�5�9�-�2�6�6�.� 

�C�o�r�n�s�e�l�l�,� �P�.�B�.� �1�9�6�8�.� �f�h�e� �C�o�c�k�r�o�a�c�h�.� �V�o�l�.� �1�.� �H�u�t�c�h�i�n�s�o�n� �§� 
�C�o�.� �L�t�d�.� �L�o�n�d�o�n�.� 

�D�a�r�c�h�e�n�,� �R�.� �1�9�5�2�.� �S�u�r� �l�*�a�c�t�i�v�i�t�e�*� �e�x�p�l�o�r�a�t�r�i�c�e� �d�e� �B�l�a�t�t�e�l�i�a� 
�g�e�r�m�a�n�i�c�a�.� �2�Z�.� �T�i�e�r�p�s�y�c�h�o�l�.� �9�:� �3�6�2�-�3�7�2�.� 

�E�b�e�l�i�n�g�,� �W�.�,� �R�.�E�w�~� �W�a�g�n�e�r�,� �a�n�d� �D�.�A�.� �R�e�i�e�r�s�o�n�.� �1�9�6�6�.� 
�I�n�f�l�u�e�n�c�e� �o�f� �r�e�p�e�l�l�e�n�c�y� �o�n� �t�h�e� �e�f�f�i�c�a�c�y� �o�f� �B�l�a�t�t�i�c�i�d�e�s�.� 
�I�.� �L�e�a�r�n�e�d� �s�a�o�d�i�f�i�c�a�t�i�o�n� �o�f� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �G�e�r�m�a�n� 
�c�o�c�k�r�o�a�c�h�.� �J�.� �E�c�o�n�.� �E�s�t�o�m�o�l�.� �5�9�(�6�)�:� �1�3�7�4�-�1�3�8�8�.� 

�E�b�e�l�i�n�g�,� �W�.�,� �D�.�A�.� �R�e�i�e�r�s�o�n�,� �a�n�d� �R�.�E�.� �W�a�g�n�e�r�.� �1�9�6�7�.� 
�|� �I�n�f�l�u�e�n�c�e� �o�f� �r�e�p�e�l�i�e�n�c�y� �o�n� �t�h�e� �e�f�f�i�c�a�c�y� �o�f� �B�l�a�t�t�i�c�i�d�e�s�.� 

�I�I�.� �L�a�b�o�r�a�t�o�r�y� �e�x�p�e�r�i�m�e�n�t�s� �w�i�t�h� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�e�s�.� �J�.� 
�E�c�o�n�.� �E�n�t�o�s�o�l�.� �6�0�(�5�)�:� �1�3�7�5�-�1�3�9�0�.� 

�E�b�e�l�i�n�g�,� �W�.� �a�n�d� �D�.�A�.� �R�e�i�e�r�s�o�n�.� �1�9�7�0�.� �E�f�f�e�c�t� �o�f� �p�o�p�u�l�a�t�i�o�n� 
�d�e�n�s�i�t�y� �o�n� �e�x�p�l�o�r�a�t�o�r�y� �a�c�t�i�v�i�t�y� �a�n�d� �m�o�r�t�a�l�i�t�y� �r�a�t�e� �o�f� 
�G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�e�s� �i�n� �c�h�o�i�c�e� �b�o�x�e�s�.� �J�.� �E�c�o�n�.� �E�n�t�o�m�l�.� 
�6�3� �(�2�)�:� �3�5�0�-�3�5�5�.� 

�E�w�i�n�g�,� �L�.�S�.� �1�9�7�3�.� �T�e�r�r�i�t�o�r�i�a�l�i�t�y� �a�n�d� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f
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�f�e�m�a�i�e�s� �o�n� �t�h�e� �s�p�a�c�i�n�g� �o�f� �m�a�l�e�s� �i�n� �t�h�e� �c�o�c�k�r�o�a�c�h� 
�N�a�u�p�h�o�e�t�a� �c�i�n�e�r�e�a�.� �B�e�h�a�v�i�o�r�.� �4�5�:� �2�8�2�-�3�0�3�.� 

�F�a�r�m�e�r�,� �B�.�R�.� �1�9�8�2�.� �H�a�r�b�o�r�a�g�e� �l�i�m�i�t�a�t�i�o�n� �a�n�d� �h�a�b�i�t�a�t� 
�i�s�o�l�a�t�i�o�n� �f�o�r� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h� �c�o�n�t�r�o�l�.� �M�S� �T�h�e�s�i�s�.� 
�D�e�p�a�r�t�m�e�n�t� �o�f� �E�n�t�o�m�o�l�o�g�y�.� �V�Y�P�I�G�S�0�.� �B�l�a�c�k�s�b�u�r�g�,� �V�A�.� 

�G�o�u�l�d�,� �6�G�.�E�.� �4�1�9�4�1�.� �T�h�e� �e�f�f�e�c�t� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �u�p�o�n� �t�h�e� 
�d�e�v�e�l�o�p�m�e�n�t� �o�f� �c�o�c�k�r�o�a�c�h�e�s�.� �P�r�o�c�.� �I�n�d�i�a�n�a� �A�c�a�d�.� �S�c�i�.� 
�5�0�:� �2�4�2�-�2�4�8�.� 

�G�r�a�y�s�o�n�,� �J�.�S�.� �1�9�6�6�.� �R�e�c�e�n�t� �d�e�v�e�l�o�p�m�e�n�t�s� �i�n� �t�h�e� �c�o�n�t�r�o�l� �o�f� 
�s�o�m�e� �A�r�t�h�r�o�p�o�d�s� �o�f� �p�u�b�l�i�c� �h�e�a�l�t�h� �a�n�d� �v�e�t�e�r�i�n�a�r�y� 
�i�a�p�o�r�t�a�n�c�e�.� �B�u�l�l�.� �E�n�t�o�m�o�l�.� �S�o�c�.� �A�m�e�r�.� �1�2�(�3�)�:� �3�3�3�-�3�3�8�.� 

�G�u�n�a�,� �D�.�L�.� �1�9�3�3�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �h�u�s�i�d�i�t�y� �r�e�l�a�t�i�o�n�s� �o�f� 
�t�h�e� �c�o�c�k�r�o�a�c�h� �(�B�l�a�t�t�a� �o�r�i�e�n�t�a�l�i�s�)� �I�.� �D�e�s�i�c�c�a�t�i�o�n�.� �J�e� 
�E�x�p�.� �B�i�o�l�.� �1�0�(�3�)�:� �2�7�4�-�2�8�5�.� 

�.�-� �1�9�3�4�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �h�u�m�i�d�i�t�y� �r�e�l�a�t�i�o�n�s� �o�f� �t�h�e� 
�c�o�c�k�r�o�a�c�h� �(�B�l�a�t�t�a� �o�r�i�e�n�t�a�l�i�s�)� �I�I�.� �T�e�a�p�e�r�a�t�u�r�e� 
�p�r�e�f�e�r�e�n�c�e�.� �Z�.� �V�e�r�g�l�.� �P�h�y�s�i�o�l�.� �2�0�:� �6�1�7�-�6�2�5�.� 

�-� �1�9�3�5�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �h�u�m�i�d�i�t�y� �r�e�l�a�t�i�o�n�s� �o�f� �t�h�e� 
�c�o�c�k�r�o�a�c�h�.� �l�i�l�.� �A� �c�o�g�p�a�r�i�s�o�n� �o�f� �t�e�m�p�e�r�a�t�u�r�e� 
�p�r�e�f�e�r�e�n�c�e�s�,� �r�a�t�e�s� �o�f� �d�e�s�i�c�c�a�t�i�o�n� �a�n�d� �r�e�s�p�i�r�a�t�i�o�n� �o�f� 
�P�e�r�i�p�l�a�n�e�t�a� �a�m�e�r�i�c�a�n�a�,� �B�l�a�t�t�a� �o�r�i�e�n�t�a�l�i�s�,� �a�n�d� �B�l�a�t�t�e�l�l�a� 
�g�e�r�m�a�n�i�c�a�.� �J�.� �E�x�p�.� �B�i�o�l�.� �1�2�{�(�3�)�:� �1�8�5�-�1�9�0�.� 

�*� �1�9�4�0�.� �T�h�e� �d�a�i�l�y� �c�h�y�t�h�m� �o�f� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� 
�c�o�c�k�r�o�a�c�h�,� �B�l�a�t�t�a� �o�r�i�e�n�t�a�l�i�s�.� �J�.� �E�x�p�.� �B�i�o�l�.� �1�7�:� 
�2�6�7�-�2�7�7�.� 

�G�u�n�n�,� �D�.�L�.� �a�n�d� �C�.�A�.� �C�o�s�w�a�y�.� �1�9�3�8�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� 
�h�u�m�i�d�i�t�y� �r�e�l�a�t�i�o�n�s� �o�f� �t�h�e� �c�o�c�k�r�o�a�c�h�.� �J�.� �E�x�p�.� �B�i�o�l�.� 
�1�5�3� �5�5�5�-�5�6�3�.� 

�H�a�r�k�e�r�,� �J�.�-�E�.� �1�9�5�4�.� �D�i�u�r�n�a�l� �r�h�y�t�h�m�s� �i�n� �P�e�r�i�p�l�a�n�e�t�a� �a�m�e�r�i�c�a�n�a�.� 
�N�a�t�u�r�e�.� �1�7�3�(�4�4�0�6�)�:� �6�8�9�-�6�9�0�.� 

�-� �1�9�5�5�.� �C�o�n�t�r�o�l� �o�f� �d�i�u�r�n�a�l� �r�h�y�t�h�m�s� �o�f� �a�c�t�i�v�i�t�y� �i�n� 
�P�e�r�i�p�l�a�n�e�t�a� �a�m�e�r�i�c�a�n�a�.� �L�.� �N�a�t�u�r�e�.� �1�7�5�(�4�4�6�0�)�:� �7�3�3�.� 

�-� �1�9�5�6�.� �F�a�c�t�o�r�s� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e� �d�i�u�r�n�a�l� �r�h�y�t�h�m� �o�f� 
�a�c�t�i�v�i�t�y� �i�n� �P�e�r�i�p�l�a�n�e�t�a� �a�m�e�r�i�c�a�n�a�.� �J�.� �E�x�p�.� �B�i�o�l�.� 
�3�3�(�1�)�2� �2�2�4�-�2�3�4�.� 

� � 

�H�o�c�k�i�n�g�,� �B�.� �1�9�5�6�.� �O�n� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a�.� 
�P�r�o�c�.� �X�t�h� �C�o�n�g�r�.� �E�n�t�o�m�o�l�.� �2�:�3� �2�0�1�-�2�0�4�.
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�H�o�w�a�r�d�,� �L�.�O�.� �1�8�9�5�.� �A� �m�i�g�r�a�t�i�o�n� �o�f� �c�o�c�k�r�o�a�c�h�e�s�.� �I�n�s�e�c�t� �L�i�f�e�.� 
�7�=� �3�4�9�.� 

�I�s�h�i�i�,� �5�S�.� �1�9�7�0�.� �A�n� �a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�m�o�n�e� �o�f� �t�h�e� �G�e�r�m�a�n� 
�c�o�c�k�r�o�a�c�h�,� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� �(�1�.�)�.� �2�.� �S�p�e�c�i�e�s� 
�s�p�e�c�i�f�i�c�i�t�y� �o�f� �t�h�e� �p�h�e�r�o�g�o�n�e�.� �A�p�p�l�.� �E�n�t�o�m�o�l�.� �Z�o�o�l�.� 
�5�(�1�)�s� �3�3�-�4�1�.� 

�«� �1�9�7�1�.� �S�t�r�u�c�t�u�r�e� �a�n�d� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �a�n�t�e�n�n�a�s� �o�f� �t�h�e� 
�G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�,� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� �{�L�.�)� �(�O�r�t�h�o�p�t�e�r�a�:� 
�B�l�a�t�t�e�l�l�i�d�a�e�)�.� �A�p�p�i�.� �E�n�t�o�m�o�l�.� �Z�o�o�l�.� �6�(�4�)�:� �1�9�2�-�1�9�7�.� 

� � 

�-� �1�9�7�2�.� �S�e�x� �d�i�s�c�r�i�m�i�n�a�t�i�o�n� �b�y� �m�a�l�e�s� �o�f� �t�h�e� �G�e�r�m�a�n� 
�c�o�c�k�r�o�a�c�h�,� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� �(�L�.�)�.� �A�p�p�i�.� �E�n�t�o�m�o�l�.� 
�Z�o�o�l�.� �7�(�4�)�2� �2�2�6�-�2�3�3�.� 

�I�s�h�i�i�,� �S�.� �a�n�d� �Y�¥�.� �K�u�w�a�h�a�r�a�.� �1�9�6�7�.� �A�n� �a�g�g�r�e�g�a�t�i�o�n� �p�h�e�r�o�m�o�n�e� 
�o�f� �t�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�,� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� �l�L�.� 
�(�O�r�t�h�o�p�t�e�r�a�:� �B�l�a�t�t�e�l�l�i�d�a�e�)� �1�.� �S�i�t�e� �o�f� �t�h�e� �p�h�e�r�o�a�o�n�e� 
�p�r�o�d�u�c�t�i�o�n�.� �A�p�p�l�.� �E�n�t�o�m�o�l�.� �Z�o�o�l�.� �2�(�4�)�:� �2�0�3�-�2�1�7�.� 

�-� �1�9�6�8�.� �A�g�g�r�e�g�a�t�i�o�n� �o�f� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�,� �B�l�a�t�t�e�l�l�a� 
�g�e�r�m�a�n�i�c�a� �n�y�m�p�h�s�.� �E�x�p�e�r�i�e�n�t�i�a�.� �2�4�(�1�)�:� �8�8�-�8�9�.� 

�I�z�a�t�s�u�,� �M�.�,� �S�.� �V�e�d�a�,� �a�n�d� �S�.� �I�s�h�i�i�.� �1�9�7�0�.� �A�g�g�r�e�g�a�t�i�o�n� 
�e�f�f�e�c�t�s� �o�n� �t�h�e� �g�r�o�w�t�h� �o�f� �t�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�,� 
�B�l�a�t�t�e�l�l�a� �g�e�r�g�z�a�n�i�c�a� �(�L�.�)� �(�B�l�a�t�t�e�r�i�a�s� �B�i�a�t�t�e�l�l�i�d�a�e�)�.� 
�A�p�p�l�.� �E�n�t�o�m�o�l�.� �Z�o�o�l�.� �5�(�3�)�:� �1�5�9�-�1�7�1�.� 

�J�a�c�k�s�o�n�,� �W�.�B�.� �a�n�d� �P�.�P�.� �M�a�i�e�r�.� �1�9�5�5�.� �D�i�s�p�e�r�s�i�o�n� �o�f� �m�a�r�k�e�d� 
�A�m�e�r�i�c�a�n� �c�o�c�k�r�o�a�c�h�e�s� �f�r�o�m� �s�e�w�e�r� �m�a�n�h�o�l�e�s� �i�n� �P�h�o�e�n�i�x�,� 
�A�r�i�z�o�n�a�.� �A�m�e�r�.� �J�.� �T�r�o�p�.� �M�e�d�.� �H�y�g�»� �4�%�{�1�)�:�s� �7�4�1�-�1�4�6�.� 

�K�e�i�l�,� �C�.�B�.� �1�9�8�1�.� �S�t�r�u�c�t�u�r�e� �a�n�d� �e�s�t�i�m�a�t�i�o�n� �o�f� �s�h�i�p�b�o�a�r�d� 
�G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h� �{�B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a�)� �p�o�p�u�l�a�t�i�o�n�s�.� 
�E�n�v�i�r�o�n�.� �E�n�t�o�m�o�l�.� �1�0�(�4�)�:� �5�3�4�-�5�4�2�.� 

�K�l�u�n�k�e�r�,� �&�.� �1�9�7�7�.� �S�t�u�d�i�e�s� �o�f� �t�h�e� �a�b�i�l�i�t�y� �o�f� �t�h�e� �G�e�r�n�a�n� 
�c�o�c�k�r�o�a�c�h� �{�B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� �L�.�)� �t�o� �s�l�i�p� �t�h�r�o�u�g�h� 
�n�a�r�r�o�w� �c�r�a�c�k�s�.� �2�.� �G�e�s�.� �H�y�g�-� �2�3�:� �9�1�9�-�9�2�2�.� 

�K�o�m�i�y�a�m�a�,� �M�.� �a�n�d� �K�.� �O�g�a�t�a�.� �1�9�7�7�.� �O�b�s�e�r�v�a�t�i�o�n�s� �o�f� �d�e�n�s�i�t�y� 
�e�f�f�e�c�t�s� �o�n� �t�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�e�s�,� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� 
�(�L�-�)� �J�a�p�.� �J�.� �S�a�n�i�t�.� �Z�o�o�l�.� �3�8�(�4�)�:� �4�0�9�-�4�1�6�.� 

�L�e�d�o�u�x�,� �A�.� �1�9�4�5�.� �E�t�u�d�e� �e�x�p�e�r�i�m�e�n�t�a�l�e� �d�u� �g�r�e�g�a�r�i�s�m�e� �e�t� 
�l�'�i�n�t�e�r�a�t�t�r�a�c�t�i�o�n� �s�o�c�i�a�l�e� �c�h�e�r� �l�e� �B�l�a�t�t�i�d�e�s�.� �A�n�n�.� �S�c�i�.� 

�L�i�p�t�o�n�,� �G�.�R�.� �a�n�d� �D�.�J�.� �S�u�t�h�e�r�l�a�n�d�.� �1�9�7�0�.� �A�c�t�i�v�i�t�y� �r�h�y�t�h�m�s� �i�n
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�t�h�e� �A�m�e�r�i�c�a�n� �c�o�c�k�r�o�a�c�h�.� �P�e�r�i�p�l�a�n�e�t�a� �a�m�e�r�i�c�a�n�a�.� �J�.� 
�I�n�s�e�c�t� �P�h�y�s�i�o�l�.� �1�6�8�)�:� �1�5�5�5�-�1�5�6�6�.� 

�M�i�z�u�n�o�,� �T�.� �a�n�d� �H�.� �T�s�u�j�i�.� �1�9�7�4�.� �H�a�r�b�o�r�i�n�g� �b�e�h�a�v�i�o�r� �o�f� 
�t�h�r�e�e� �s�p�e�c�i�e�s� �o�f� �c�o�c�k�r�o�a�c�h�e�s� �P�e�r�i�p�l�a�n�e�t�a� �a�m�e�r�i�c�a�n�a�,� 
�P�e�r�i�p�l�a�n�e�t�a� �j�a�p�o�n�i�c�a�,� �a�n�d� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a�.� �J�a�p�.� �J�.� 
�S�a�n�i�t�.� �Z�o�o�l�.� �2�4�(�3�)�:� �2�3�7�-�2�4�0�.� 

� � 

�M�o�r�i�s�i�t�a�,� �4�M�.� �1�9�5�9�.� �M�e�a�s�u�r�i�n�g� �o�f� �t�h�e� �d�i�s�p�e�r�s�i�o�n� �o�f� 
�i�n�d�i�v�i�d�u�a�l�s� �a�n�d� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �d�i�s�t�r�i�b�u�t�i�o�n�a�l� 
�p�a�t�t�e�r�n�s�.� �M�e�a�.� �F�a�c�.� �S�c�i�.�,� �K�y�u�s�h�u� �U�n�i�y�.�,� �S�e�r�.� �E�£� 
�(�B�i�o�l�.�)�.� �2�:� �2�1�5�-�2�3�5�.� 

�«� �1�9�6�2�.� �I�s� �~�i�n�d�e�x�,� �a� �m�e�a�s�u�r�e� �o�f� �d�i�s�p�e�r�s�i�o�n� �o�f� 
�i�n�d�i�v�i�d�u�a�l�s�.� �R�e�s�.� �P�o�p�u�l�.� �E�c�o�l�.� �4�:� �1�-�7�.� 

�M�u�e�l�l�e�r�,� �P�.� �1�9�7�8�.� �T�h�e� �e�f�f�e�c�t� �o�f� �t�e�m�p�o�r�a�r�y� �d�e�p�r�i�v�a�t�i�o�n� �o�f� 
�f�o�o�d� �a�n�d� �w�a�t�e�r� �o�n� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �l�a�b�o�r�a�t�o�r�y� 
�c�o�l�o�n�i�e�s� �o�f� �t�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h� �(�B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� 

�N�i�s�h�i�d�a�,� �R�.�,� �H�.� �F�u�k�a�m�i�,� �a�n�d� �S�.� �I�s�h�i�i�.� �1�3�9�7�5�.� �F�e�m�a�l�e� �s�e�x� 
�p�h�e�r�o�m�o�n�e� �o�f� �t�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�,� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� 
�{�L�.�)� �(�O�r�t�h�o�p�t�e�r�a�,� �B�l�a�t�t�e�l�l�i�d�a�e�)�,� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �m�a�l�e� 
�w�i�n�g�-�r�a�i�s�i�n�g� �(�I�)�.� �A�p�p�l�.� �E�n�t�o�m�o�l�.� �Z�o�o�l�.� �1�0�(�{�1�)�:� �1�0�-�1�7�8�.� 

� � 

�O�n�o�,� �S�.� �a�n�d� �H�.� �T�s�u�j�i�.� �1�9�7�2�.� �E�f�f�e�c�t�s� �o�f� �f�o�o�d� �a�m�o�u�n�t� �u�p�o�n� 
�p�o�p�u�l�a�t�i�o�n� �e�q�u�i�l�i�b�r�i�u�m�,� �a�g�e� �c�o�m�p�o�s�i�t�i�o�n�,� �a�n�d� �r�e�s�p�o�n�s�e� 
�o�f� �i�n�d�i�v�i�d�u�a�l�s� �t�o� �t�r�a�p�s� �i�n� �e�x�p�e�r�i�m�e�n�t�a�l� �p�o�p�u�l�a�t�i�o�n�s� �o�f� 
�t�h�e� �G�e�r�m�a�n� �c�o�c�k�r�o�a�c�h�,� �B�l�a�t�t�e�l�l�a� �g�e�r�m�a�n�i�c�a� �(�L�.�)�.� �J�a�p�.� 
�J�~� �S�a�n�i�t�.� �Z�o�o�l�.� �2�3�(�2�)�:� �7�7�-�8�1�.� 
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