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ABSTRACT 

This investigation of the reproductive strategy of 

Gerbilline rodents is based on field studies conducted in 

southwestern Morocco, in the arid zone of North Africa. A 

mark-recapture method was used on live trap grids 

established at two locations. Demographic and reproductive 

data were recorded with each capture. Snap trap lines were 

used to obtain specimens for necropsy studies on the 

internal reproductive organs. Growth and development were 

observed on individuals raised in the laboratory. 

Monthly changes in population density, species 

biomass 

analyzed 

and percentage of reproductive activity were 

for three gerbil line species: Gerbillus 

hesperinus, Q. campestris and Q. nanus. Those changes were 

compared to monthly variations in rainfall, temperature 

photoperiod, and population density. 

Correlation between periods of high precipitation 

and increasing percentages of reproductive activity were 

found in all three species. The percentage of G. 

hesperinus and G. nanus females reproductively active 

increased markedly 2-3 months after periods of high 

precipitation. Although a similar interval was observed in 

G. campestris, the correlation was more closely associated 

x 
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with long-term rainfall patterns. The 2-3 month interval 

suggests a relationship to primary productivity rather than 

actual rainfall. 

males reached the 

The percentage 

highest levels 

of reproductively active 

earlier than in females 

and remained high for a longer period of time. 

During optimal conditions all three species exhib

ited characteristics associated with ~-strategists. These 

characteristics include early female reproductive maturity, 

multiple litters in a single reproductive season and rela

tively large litters. 



INTRODUCTION 

A large number of eggs is of some importance to 
those species which depend on a rapidly fluctuating 
amount of food, for it allows them rapidly to 
increase in number. But the real importance of a 
large number of eggs or seeds is to make up for 
much destruction at some period of life; and this 
period in the great majority of cases is an early 
one. 

Charles Darwin (1859, p. 66) 

As pointed out by Darwin in On the Origin of 

Species, it is important for a species to coordinate 

reproductive effort with environmental conditions. In the 

mammalian life cycle, mother and offspring are most 

susceptible to adverse environmental conditions during 

pregnancy, birth and development of the young until 

weaning. It seems logical that selection of various traits 

could minimize risks associated with reproduction, reduce 

the necessity of large numbers of young, and maximize 

survival. 

The behavioral and physiological characteristics 

which regulate the timing of partuition and development 

shape the reproductive strategy of most mammalian species. 

Baker (1938) proposed that the time of occurrence of 

optimal conditions would be the ultimate cause of the 

occurrence of breeding seasons. In his discussion of 

1 
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optimal conditions, Sadleir (1969) classified the climatic 

and environmental conditions encountered during the 

(a) a multi-reproductive cycle into three mjor categories: 

annually fixed optimal season usually characteristic of 

seasonally variable temperate regions; (b) a continual 

optimal season often characteristic of the relatively 

uniform equatorial regions; and (c) an unpredictable 

optimal season which is usually short and may occur almost 

any time of the year, a situation often found in arid 

regions. 

Cloudsley-Thompson (1975) estimates that twenty

eight percent (41.6 million square km) of the earth's land 

masses are arid or semi-arid. Nearly one-fourth of the 

total, or 9.1 million square km, are occupied by the Sahara 

desert. One of the sites in Morocco where data were 

collected during this study was in the Saharan region. The 

other, not in the Sahara proper, was in the adjacent arid 

zone of North Africa. As described by Le Houerou (1977), 

the arid zone is made up of areas lying between the 100 and 

the 400 mm isohyets and is characterized by a diffuse 

pattern of vegetation that is separated by sand dunes or 

pebble-covered Hamada(s). Such areas are often termed 

steppic. Not 

description, but 

only 

both 

do both 

clearly 

study 

fit into 

areas fit 

Sadlier's 

this 

third 

category, areas of unpredictable optimal seasons for animal 

reproduction. 
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Most ecological studies of mammals made in Morocco 

were done by French 

Trochain (1955), and 

major contributions. 

scientists. Heim de Balsac (1947), 

ronesco and Sauvage (1962) have made 

Brossert (1960) reported on the 

taxonomy and distribution of mammals in eastern Morocco. 

Saint Giron and Petter (1965) and Petter (1961) discuss the 

taxonomy, distribution and ecology of Moroccan rodents. 

Most of the ecological information in these two papers is 

based on studies conducted at Beni Abbes, Algeria, near the 

eastern Moroccan border. Niethammer (1976) has reported on 

the reproductive status of rodents taken in March 1975, at 

ten locations in southwestern Morocco. 

Most of the field obsevations and collections on 

which this study are based were made by me and other 

members of the United States National Museum African Mammal 

Project. These studies added significantly to knowledge 

concerning the strategies of gerbilline rodents in areas of 

temporally unpredictable reproductive seasons. 

Many studies ha ve been published concerning 

relationships between various environmental factors and 

reproductive activity in mammals. Such factors as light, 

temperature, rainfall, available nutrients and population 

density have all been investigated. Although each of these 

factors will be discussed, most recent studies on rodents 

in arid areas of the New World have concluded that rainfall 
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and the resultant plant growth is most critical in con

trolling reproductive activities and reproductive success. 

A general model of the relationship between environ

mental factors and reproductive strategies was proposed by 

MacArthur 

population 

and Wilson 

growth can 

(1967) . They recognized that 

be expressed in terms of two 

contrasting types of selection designated K and r. K 

selection consists of all factors influencing survival that 

are directly dependent upon population densities, and is 

related to carrying capacity. On the other hand, £ selec

tion consists of density-independent factors and favors 

high levels of productivity. For populations inhabiting 

variable and unpredictable environments, the MacArthur

Wilson Model suggests that reproductive strategies would be 

shaped by £ selection. 



DESCRIPTION OF THE STUDY AREAS 

Site Selection 

Site selection was influenced by the results of a 

survey of Moroccan mammalian fauna conducted between 

October 1969 and July 1970 as a part of the African Mammal 

Project. 

65 si tes 

During that period specimens were collected from 

including all 

associations. Density 

major 

and 

habitat types and ecological 

diversity of small mammal 

populations, accessibility of water and other supplies, and 

travel time between sLudy sites were the major 

considerations in site selection. The two preliminary 

sites selected were in Safi province near Essaouria and in 

Ouarzazate province near Zagora. The region near Essaouria 

is characterized by juniper forest and coastal sand dunes. 

Zagora is in the presaharan region. The Zagora site was 

abandoned after the first trap period due to low population 

density and lengthy travel time. After visits to some of 

the other sites surveyed during the preceeding year, a 

second presaharan site was selected in Agadir province 

south of Goulimine. Although the density of the small 

mammal population was similar to that at Zagora, the site 

had other advantages. These included shorter travel time 

from Essaouria, the presence of Gerbillus campestris which 

5 



6 

was also found at Essaouria, and fewer Bedouin camps in the 

vicinity. The nomadic Bedouin tribesmen see the new 

vegetation growth after rains as a gift from Allah, and 

immediately direct 

grazing. 

their mixed herds to the area for 

Essaouria 

The first study site was established 5 km NE of 

Essaouira, 3l 0 3l'N 9 0 46'W during November 1970 (Figure 1). 

Selection was based on the abundance of small mammals and 

the unique ecological nature of the area. The region is 

semiarid as classified by Meigs (1953 ) with a 

Mediterranean-type climate. The immediate area surrounding 

the study site consists of coastal sand dunes, and has 

undergone substantial ecological change for at least 50 

years. It is a closed National Forest area within which a 

dune stabilization project has been carried on by the 

Moroccan government. Elevation differences of more than 

ten meters exist between the dune peaks and valleys. These 

sand dunes extend from the Atlantic shore inland two to 

five kilometers to a slight escarpment above which juniper 

forest extends inland for several kilometers. The dunes 

have been stabilized to within 100 meters of the shore 

line. Stabilization is accomplished by means of a cut 

branch thatch spread over the surface of the dunes, which 

reduces drifting and allows grasses to become established 
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Figure 1. Map of Morocco. 
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(Figure 2). Most of the branches are taken from junipers, 

many of which carry fruit. After grasses have stabilized 

the dunes, the juniper berries germinate and produce the 

juniper forest, which is the final stage of stabilization 

(Figure 3). 

The two predominant rodent species within the 

stabilized dune area are Gerbillus hesperinus and Gerbillus 

campestris. G. hesperinus was considered a sub-species of 

~. pyramidum until recently. Lay (1975) determined, on the 

basis of a karyotypic analysis of individuals captured near 

Essaouria, that G. hesperinus is a separate species, with a 

known distribution limited to the relatively small areas of 

Coastal sand dunes along the Atlantic coast of Morocco. G. 

campestris is more widely distributed in North Africa, and 

is known to occur from the Atlantic coast to Egypt and from 

the Mediterranean to the Sahara, inhabiting rocky biotypes 

throughout the Sahara 

Petter, 1965). 

(Petter, 1961; Saint Giron and 

G. hesperinus has short hairs covering the plantar 

surface of its feet and was trapped most often in the less 

stabilized sandy regions. ~. campestris has no hair on the 

plantar surface and was trapped more frequently in more 

stabilized regions covered by juniper and woody shrubs. In 

the region above the coastal escarpment which is 

characterized by rocky soil, only G. campestris was 

trapped. Ranck (1968) reported a similar pattern of 



Figure 2. Grass covered newly stabilized sand dunes at 
Essaouria study site. 
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distribution between "hairy-footed" and "naked-footed" 

species of Gerbillus in Libya, where f. campestris occupied 

the interior of oases and the hairy-footed species f. 

gerbillus and G. pyramidum were more abundant in the open 

sandy areas. Harrison (1972), in Mammals of Arabia, states 

that the .gerbilline "species with hair on the soles of 

their feet are typically inhabitants of sandy terrains," 

while naked-footed gerbillines "typically inhabit steppe, 

salt flats, and other non-sandy habitats." Hairs on the 

soles of the feet would seem to provide an advantage when 

travelling over loose sand. Lay (1975) comments that 

hairy-footed gerbillines are known to occur primarily in 

and around places of loose sand and that the "availability 

of loose sand seemingly constitutes an ecological 

constraint on the distribution of these gerbils." 

The scientific names of all mammals discussed in 

this study are taken from Mammal Species of the World, 

edited by Honacki et al. (1982). Since no generally 

accepted vernac ~lar names exist for the species studied, 

the scientific names are used throughout the work. Other 

rodent species trapped in the study area include Mus 

musculus, Eliomys qUerCinlls, Praomys erythroleucus, Rattus 

rattus and the diurnal Lemniscomys barbarus. Other small 

mammals trapped or observed are Lepus capensis, Oryctolagus 

cuniculus, Crocidura essaouiranensis (type locality is the 

study site), Erinaceus algirus, Elephantulus rozeti, 
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Mustela nivalis~ Genetta genetta, Herpestes ichneuman, 

Felis silvestris, Vulpes rueppelli and Cani~ Bureus. 

Goulimine 

This study site is located 28 km SH of Goulimine 

28 0 4l'N 10014'H in the Presaharan zone (Figure 1), about 25 

kilometers from the Atlantic coast and is separated from 

the coast by low hills. The coastal influence on weather 

is evident, although temperatures range from winter lows of 

SoC to summer highs above 40 0C. Strong gusty winds occur 

regularly throughout the year and storms generally occur 

during the winter months, approaching from the west. The 

region is classified as arid by Meigs (1953). 

Trochain (1955) refers to the region 

Goulimine as "La steppe ligneuse a cactoides." 

around 

This 

Presaharan steppe is characterized by low woody shrubs 

(Figure 4) and a species of Euphorbia morphologically 

similar to the hedgehog cactus of the New Horld (Figure 5). 

Both the woody shrubs and Euphorbia are located primarily 

in sandy alluvial soil at the study site. There are also 

large expanses of pebbly desert or Hamada in the area 

(Figure 6). The whole region appears to have been 

overgrazed. In southern Morocco degraded rangeland may be 

invaded by the cactoid Euphorbia, which is an unpalatable 

species (Le Houerou, 1970). 
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Three predominant rodent species occur on this 

study site. Host abundant is Gerbillus nanus, a species 

found throughout the Sahara. Its ranges extends from the 

Atlantic to the Arabian Peninsula (Saint Giron and Petter, 

1965). The other two dominant species are Heriones shawi 

and Q. campestris. Additional rodents in the area are 

Psammomys vexillaris, Jaculus jaculus, Gerbillus occiduus, 

and Pachyuromys duparsi. Other small mammals observed were 

Elephantulus rozeti, Crocidura gouliminensis (type specimen 

taken from the study site), Erinaceus algirus and Lepus 

capensis. Carnivores sighted during this study include 

Canis aureus, Vulpes rueppelli, Felis silvestris and ~ 

caracal. A dead Sus scrofa was seen on the road about 5 km 

from the study site, and parts of a dead Hystrix cristata 

were found adjacent to the live trap grid. 

To ensure that the sites were not used for farming 

or grazing, both sites were posted and caretakers were 

hired to reside on the site throughout this study. The 

caretakers did find and remove various domestic animals 

from the study areas on several occasions, but no long-term 

grazing occurred. By Hay 1971, low grass covered the 

entire grid at Goulimine, making it conspicuous since the 

entire surrounding area was overgrazed and barren. 
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Rainfall 

Weather at both study sites is typically Mediter

ranean, characterized by rainfall predominantly during the 

winter months. Generally the study sites have six dry 

months and six months during which most precipitation 

occurs each year. Any month may receive less than 1 mm of 

rainfall, and heavy rainfall has been recorded during every 

season. Figure 7 compares monthly rainfall during the 

field 

from 

studies 

records 

at Essaouria with 

between 1948-1972. 

a 25-year average 

The average 

taken 

annual 

rainfall at Essaouria during 

mm. The lowest annual record 

the 25-year period was 278.7 

was 121.1 mm during 1966, and 

the highest was 410.3 mm during 1963. All rainfall records 

are taken from tables supplied by the Moroccan Service 

National de Climatologie. Figure 8 compares precipitation 

during field studies at Goulimine with monthly averages for 

a 24-year period between 1943-1972 (no records available 

for 1960-1965). The average annual rainfall during that 

period was Ill. 7 mm. The lowest annual record was 7.7 mm 

during 1945, and the highest was 236.4 mm during 1954. The 

24-year average at Goulimine reveals that on the average 

only two months per year (November and December) receive 

greater than 20 mm of rain, three months average 10-20 mm, 

and seven months receive less than 10 mm. 

During field studies in Morocco the rainfall 

patterns at both study areas deviated from the long-term 
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monthly averages. At Essaouria, February and October 1971 

and April 1972 were exceptionally dry, while higher than 

average rainfall was recorded during January and May 1981, 

and March 1972. At Goulimine, September 1970, January, 

September, November 1971 were drier than average, and 

higher than average rainfall was recorded in February and 

April 1971 and January 1972. Both areas received lower 

than average rainfall during November 1970 and December 

1971 

1971 

and 

and 

higher than average 

February 1972. No 

in December 1970 and March 

record was published of 

rainfall at Goulimine during October 1971. Field 

observations indicate rainfall did occur, but an actual 

measurement is not available. These variations illustrate 

the unpredictability of adequate rainfall to stimulate 

productivity in these areas. 



METHODS 

Trapping Procedure 

Live Trap Grids 

To monitor activities of nocturnal rodents 

inhabiting the areas, a live trap grid was utilized at each 

study site. Initially a square grid consisting of 10 rows 

and 10 columns of trap stations was established. To select 

an appropriate distance between traps, a pair of parallel 

live trap lines with traps at 20-meter intervals was used. 

Based on the movement of rodents between captures, a 

25-five meter interval was selected for Essaouria and a 

40-meter interval for Goulimine. These intervals were 

selected to maximize sample sizes. 

At Essaouria the grid was established about 

one-hal·f kilometer inland. Forty percent of the grid was 

in the recently stabilized dunes covered with cut branches 

and grass; the remaining sixty percent was in the more 

stabilized area characterized by woody shrubs and juniper 

trees (Figure 9). Two traps were placed within one meter 

of the stakes \\'hich marked each' trap station: a folding 5" 

x 5" x 16" trap manufactured by the Tomahawk Live Trap 

Company and a Sherman LFA trap manufactured by the H. B. 

Sherman Company. The Tomahawk trap was left at each 

station throughout the project. 

21 

Each was covered with tar 



A 
o 

2 0 

3 0 

4 · 

5 • 

6 • 

7 • 

8 • 

9 • 

10 • 

Figure 9. 

22 

B c D E F G H J K 
000 .. 

o • • o 

o • • 

.0. 
Juniper-scrub 

• • • o 

• • • • 

o • • • 

• • 0 • 

o • • o 

o o o 

Distribution of plants and trap stations on live 
trap grid near Essaouria. 



23 

paper and provided cotton as a nesting material to protect 

captured animals from adverse weather conditions. The 

Sherman traps were sometimes picked up and transported to 

the Goulimine study area. One-half of the folding Sherman 

traps had been modified with a 1/8" thick plexiglass back 

door. These were distributed throughout the study site on 

the basis of a random number table. Later comparisons of 

the effectiveness of the two types of Shermans showed no 

apparent difference in terms of numbers of captures. 

During some trapping periods only Tomahawk traps or only 

Shermans were used (Appendix A). 

At Goulimine the grid was on a low flat region that 

flooded slightly during heavy rains. Sixty percent of the 

trap grid was covered by woody bushes about two feet high; 

25 percent by the cactoid Euphorbia and the remaining 15 

percent was bare of vegetation and covered by pebbles 

(Figure 10). One live trap was placed within one meter of 

each stake marking a trap station. The trap was either a 

Tomahawk or an "Arizona-type" trap, as described in Vaughan 

(1976). 

t10roc co. 

The "Arizona-type" trap was manufactured in Rabat, 

These traps were also covered by tar paper and 

cotton nesting material was placed inside. At times a 

Sherman trap was also placed within a meter of each stake, 

bringing the total number of traps to 200. This site was 

not sampled during February 1972. During April, Nay and 

June 1972 a smaller grid (14 x 14 stations at ten-meter 
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intervals) within the larger grid was used (Figure 10). 

Appendix A details dates of trapping and the number of 

traps used. 

Each rodent captured was marked for future 

identification. For the first three months at Essaouria, 

animals were marked by attaching a numbered tag to their 

ear. Unfortunately, these tags were often lost, making 

recaptures difficult or impossible to identify. In 

February 1971 a toe clipping marking system was initiated 

that greatly reduced problems identifying recaptures. 

this system was used at Goulimine. 

Only 

For each capture data were recorded as to species, 

identification number, date, trap location, age, pelage 

condition, and reproductive condition. The weight for each 

animal was recorded for 

trapping period. Other 

the first and third captures each 

potentially significant observa-

tions such as ectoparasites or injuries were recorded. 

Traps were baited during the afternoon on the first 

day of a trapping period with a mixture of dry whole grains 

(barley, millet, wheat and milo). Traps were left set 

during the trapping period and were checked each morning, 

and late afternoon about dusk. During the final check on 

the morning of the last day, the traps were closed. 
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Sample Area 

To estimate population density and species biomass 

the effective sample area must be determined. The sample 

area is considered to 

given species. That 

be the portion of the site used by a 

area is usually larger than the area 

within the trap grid, and several methods have been 

proposed for determining the sample area (Stickel, 1954; 

Grodzinski et a1., ]966; Smith et a1., 1972; and O'Farrell 

et ale 1977). Vaughan 

determined the effective 

(1976) and 

sample area by 

Petryszyn (1982) 

adding the area 

within the radius of the estimated home range around the 

outside of the grid to the actual area within the boundary 

of the trap stations. Many factors have been shown to 

influence the estimation of home range, including trap 

spacing, number of captures, population density, and season 

of the year (Hayne, 1949, 1950; Maza et a1., 1973; Briese 

and Smith, 1974). Dice (1938) suggested that the area 

sampled by each trap station extended up to one-half of the 

distance to adjacent traps. It seems reasonable to 

calculate the effective sample area for the Essaouria study 

site using Dice's assumption. The area sampled would 

therefore be equal to the area enclosed by the trap 

stations and plus the surrounding area equal to one-half 

the distance between trap stations. The area sampled would 

be 6.25 hectares. To compensate for the bare, rocky area 

\dthin the live trap grid at Goulimine, no outer boundary 
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area has been added, and the effective sample area is 

considered to be the actual area within the live trap grid. 

The sample area was therefore calculated to be 12.96 

hectares. During April, May and June 1972 when trapping 

was done in the smaller 14 x 14 grid with lO-meter 

intervals, the boundary strip of one-half the distance 

between trap stations was added, giving a sample area of 

1. 96 hectares. 

At neither site did a given species utilize the 

entire live trap grid. At Essaouria Q. hesperinus was 

trapped almost exclusively on the portion of the grid 

characterized by loose sand, covered by grass and 

cut-branch thatch. .Q.. campestris was captured most often 

in the more stabilized dune region covered by juniper trees 

and woody shrubs. Table 1 indicates the percentages of the 

live trap grid used by each species during each month of 

the study. These percentages were used to determine the 

sample areas for each species. At the Goulimine study site 

.Q.. campestris was captured 85% of the time in a portion of 

the grid within twenty meters of the cactoid Euphorbia. 

All captures were made within forty percent of the grid. 

Sample area was therefore calculated by multiplying the 

effective sample area surrounding one trap (one-half the 

distance between adjacent traps) by forty. The result was 

an effective sample area of 6.4 he~tares for G. campestri~ 

at the Goulimine study site. 
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Table l. Monthly estimates of sample areas at Essaouria. 

Q.. caml2estris Q.. hesl2irinus 

Sample Sample 
Area Area 

Year Month % of Grid (hectares) % of Grid (hectares) 

1970 November 73 4.56 42 2.63 

December 65 4.06 46 2.88 

1971 January 65 4.05 45 2.81 

February 62 3.88 46 2.88 

March 66 4.13 43 2.69 

April 69 4.31 45 2.81 

May 83 5.19 44 2.75 

June 94 5.88 48 3.00 

July 83 5.19 52 3.25 

August 72 4.50 48 3.00 

September 66 4.13 49 3.06 

October 62 3.88 47 2.94 

November 62 3.88 47 2.94 

December 60 3.75 46 2.88 

1972 January 61 3.81 51 3.19 

February 60 3.75 45 2.81 

March 60 3.75 48 3.00 

April 62 3.88 43 2.69 

May 66 4.13 42 2.63 
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Necropsies 

To obtain additional information on the reproduc

tive condition of these rodents snap traps were set in 

adjacent areas. These traps were set in similar environ-

mental conditions, but at distances so that there would be 

no impact on the grid populations. Near Goulimine, 

trapping was supplemented by night hunting. The headlights 

of a Land Rover and a spotlight were used to "freeze" an 

animal, which was then captured by hand. 

Necropsies were performed on these animals as well 

as on any that died in live traps. Summaries of necropsies 

are recorded in Appendix B. Necropsy examinations were 

recorded separately. Each record contained information as 

to species, sex, number, toe clip number for live trap 

deaths, locality, date, external measurements (total 

length, tail length, head and body length, hind foot 

length, ear length, weight) and age. Additional entries 

included observations concerning molt, condition of testes 

or nipples, and presence of embryos. For males the 

internal features recorded were the dimensions and state of 

testis and caudal epididymus. For females the width of the 

right uterine horn was recorded, and placental scars were 

counted when present in non-pregnant individuals. In 

pregnant individuals the number of embryos was recorded as 

well as crown-rump length of embryos. 



30 

Laboratory Studies 

Live individuals (both males and females) were 

shipped from Morocco to the University of Arizona. G. 

campestris from both sites were shipped. At Tucson, each 

species successfully reproduced in the laboratory, result-

ing in several litters. A s u c c e s s f u 1 IT. a tin g bet wee n G. 

campestris from the two study sites occurred. These 

studies provided data as to gestation periods, size of 

litters, and growth rates. One female G. hesperinus died 

within a few days after giving birth. Two of the litter of 

four were successfully fostered by a female laboratory Hus 

musculus. 

Analysis of Data 

In an effort to determine the presence or absence 

of reproductive strategies of the Gerbillus species inhabit

ing these contrasting microhabitats in areas of unpredict-

able optimal times of reproductive conditions (see 

Introduction), available data were analyzed and variously 

correlated with environmental parameters. Major analyses 

include: monthly status of species present, population 

density and composition in terms of age, sex and reproduc-

tive activity. Further, total biomass for each time unit 

was also calculated. Summaries of this follow and interpre

tations are given in the Discussion section. 
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Population Density 

Population density can be estimated using data col

lected by mark-release-recapture live trapping. The 

Jolly-Seber method, as formulated by Jolley (1965) and 

presented by Tanner (1978) was used in this study. The 

method takes into account removal of animals by death or 

emigration and recruitment by reproduction or immigration. 

The calculations do not depend upon captures being made at 

regular intervals. Density was calculated for each species 

for each month of the study, and data were combined when 

there were two sampling periods in a month. 

Species Biomass 

Biomass can. be estimated as the product of popula

tion density and the average weight of the individuals. 

Since 

year 

each 

rodent weights vary considerbly 

and breeding condition, monthly 

species have been used (Appendix 

with age, time of 

weight averages for 

C). These averages 

help incorporate the effects of variations during the life 

cycle in biomass calculations. Weights of both individuals 

captured 

included 

\veights. 

Age 

on the live trap grid and necropsy specimens were 

in calculations determining average monthly 

Animals were recorded in the field as juvenile, 

sub-adult or adult. However, the criteria available for 
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detecting the difference between sub-adult and adult proved 

to be inadequate, since the species of Gerbillus captured 

at Essaouria and Goulimine do not undergo a distinct transi-

tion between juvenile and adult pelage. For the purposes 

of this study, only two categories have been recognized. 

Reproductive Activity 

Females with a swollen vulva, with embryos, or with 

enlarged nipples, were considered reproductively active. 

Males with scrotal or enlarged palpable inguinal testes 

were recorded as reproductively active; those with 

abdCJminal or small inguinal testes were considered to be 

reproductively inactive. 



RESULTS 

Population Density 

Essaouria 

Monthly population density estimates for Essaouria 

are shown in Figure 11. The lowest density for G. 

campestris, 4.4 individuals per hectare, occurred during 

December 1970, January 1971 and March 1971. Their highest 

density, 14.8 individuals per hectare, occurred during June 

1971, with the July 1971 density being only slightly lower 

(14.7). This high point was 3.4 times greater than the 

density only three months earlier (April). By October 1971 

population density had declined to 6.2 individuals per 

hectare and continued to decline until 4.8 was reached in 

May 1982. Between October and May there were two months 

during which increases occured: November at 9.3 and April 

at 7.5 individuals per hectare. 

The lowest density of 

individuals per hectare) occurred 

G. hesperinus 

in April 1971. 

(9.2 

The 

highest (25.7 individuals per hectare) occurred in August 

1971. The most dramatic increase was from 10.5 individuals 

per hectare in May 1971 to 25.3 the next month. The June 

population density was 2.4 times that of May and 2.8 times 

that of April. By May 1972, the population density ha'd 

33 
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decreased to 11.8 individuals per hectare. Minor peaks 

occurred in November 1971 (24.1 individuals per hectare) 

and February 1972 (18.1 individuals per hectare). 

The low point of all Gerbillus at Essaouria (7.2 

individuals per hectare) occurred in March 1971. Only 

three months later, in June 1971, the highest density (26.1 

individuals per hectare) was reached. This was an increase 

of 3.6 times the low point. Except during April-July 1971, 

the population density of G. hesperinus in the less 

stabilized portion of the grid was higher than the combined 

density of both species over t.he whole study area. The 

populations of G. campestris was consistently lower than 

the population density of 2,. hesperinus except during May 

1971, when it was 0.1 higher at 10.6 individuals per 

hectare. The population density of each was lower during 

the last month of the study than during the first month. 

Goulimine 

Monthly 

Figure 12. in 

density estimates 

The 

for Goulimine are shown 

2,. campestris increased 

gradually throughout 

densi ty of 

the study, being 0.5 individuals per 

hectare in March and May 1971, and reaching 2.6 by June 

1972. Although these population densities were low, June 

1972 density was 5.2 times that of May 1971. 

Between March and June 1971 the population of G. 

nanus decreased from 1.1 to 0.5 individuals per hectare. 
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By July density had doubled to 1.0 individuals per hectare. 

A slight decline, 0.8 individuals per hectare, occurred in 

August. Thereafter densities increased to 14.3 individuals 

per hectare in June 1972, nearly an l8-fold increase. 

During this dramatic increase in population density, three 

months (November, January and April) recorded some decline. 

These monthly declines were more than overcome in the 

following months, nearly doubling by December, March and 

May. 

Species Biomass 

In general, data on total biomass of these species 

reflect 

follow. 

Essaouria 

the population densities present. Summaries 

Biomass of both species of Gerbillus at Essaouria 

reached peaks in June 1971. .Q.. hesperinus reached 733 

g/hectare, while .Q.. campestris reached 449.9 g/hectare 

(Figure 13). 

1970 when G. 

Simultaneous low points occurred in December 

hesperinus was at 295.3 g/hectare and G. 

campestris was at 132.9 g/hectare. Between March-June 

1971, .Q.. campestris recorded a nearly 3-fold increase from 

150.9 g/hectare to 449.9 g/hectare, but biomass dropped to 

164.3 g/hectare by October. Between April and June G. 

hesperinus increased from 311. 0 g!hectare to 733. 7 

g!hectare, but by December had decreased again to 388.4 
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g/hectare in December. During the six-month decline, two 

months reg{stered increases: August, at 627.1 g/hectare, 

and November at 612.3 g/hectare. 

Biomass for £. hesperinus exceeded that of G. 

campestris during all months of the study. They approached 

equality only during May 1971, when they were recorded at 

319.2 g/hectare and 301.0 g/hectare. The average monthly 

biomass for £. hesperinus was 470.4 g/hectare, more than 

double the 211.1 g/hectare of £. campestris. 

Only during four months, April-July 1971, did the 

biomass of both species on the whole area exceed the 

biomass of G. hesperinus on the loose sand portion of the 

grid. The highest biomass reached by both, or either, 

species was 776.4 g/hectare in June 1971. The lowest level 

was reached during December 1970 at 223.3 g/hectare. At 

the conclusion of the study, May 1972, the biomass for both 

species was 272.8 g/hectare, which was lower than the 368.0 

g/hectare recorded in November 1970, the first month of the 

study. 

Goulimine 

Biomass of Gerbillus at Goulimine reached a peak 

during the last month of this study, June 1972: £. nanus 

reached 208.8 g/hectare and G. campestris 69.2 g/hectare 

(Figure 14) • The lowest biomass calculated for G. 

campestris was 13.8 g/hectare during May 1971. Between 
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this low level in May 1971 and the high level reached in 

June 1972, G. campestris experienced continued monthly 

increases for all but three of the thirteen months. The 

total increase during that period was to more than five 

times the level of May 1971. 

Although the biomass calculated for G. nanus. was 

slightly higher than that calculated for Q. campestris 

during the first trapping period, it was lower than that of 

Q. campestris for each of the next five months. The lowest 

point was reached during June 1971 at 10.3 g/hectare. From 

June 1971 until the end of the study one year later, the 

increase in biomass for G., nanus was phenomenal, reaching 

208.8 g/hectare, an increase was over 20-fold. Total 

biomass for the two species over the same period increased 

nearly 15 times, from a low of 19.2 g/hectare to a high of 

278.0 g/hectare. 

Reproductive Activity 

Essaouria 

At Essaouria some Q. hesperinus males were reproduc

tively active during each month of this study. As 

indicated in Figure 15, one hundred percent of the males 

captured were considered reproductively active during 

March-April 1971, and March-May 1972. During twelve of 

nineteen months fifty percent or more of the males captured 

were reproductively active. The months with the lowest 
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activity were August-October and December 1971, all with 

less than ten percent. 

reached during October. 

The lowest point was three percent, 

In female G. hesperinus, the percentage of reproduc-

tively active was highest in April and May 1971, 

seventy-eight and seventy-nine percent (Figure 15). Some 

females who were reproductively active were reported in 

fourteen out of nineteen months. More than twenty-five 

percent of the females· captured during March-July 1971 and 

April-May 1972 were found to be active. Only during 

January-February and October-December 1971 were no 

reproductively active females captured. 

From observations made in the field, it is evident 

that some G. hesperinus females had mUltiple litters during 

a single reproductive season. Two were pregnant with 

separate litters during May and June 1971, one during April 

and May 1972, and a fourth was pregnant three times between 

April and June 1971. 

In one instance, field records also provide 

evidence that a young female became pregnant during the 

same reproductive season in which she was born. When 

captured on May 28, she weighed 15 grams and was classified 

as a juvenile. On June 24 she was pregnant and weighed 39 

grams. An estimate of her age can be made from data 

collected on the growth rate of laboratory-raised G. 

hesperinus. Figure 16 indicates that juveniles raised at 
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the University of Arizona reached 15 grams at 34-35 days 

after birth. Based on the growth rate of these animals, on 

June 24 the age of the pregnant female was probably between 

60-70 days. 

Necropsy examination revealed thirty-one pregnant 

G. hesperinus females. The number of embryos present 

varied from two to nine with a mode of six. 

number of embryos was 5.9 per pregnant female. 

The average 

Two litters 

were born in the laboratory at the University of Arizona, 

each with five young. The average litter size based on the 

number of embryos found during necropsy and the litters 

born in the laboratory was 5.S. 

Some Gerbillus campestris males at Essaouria were 

reproductively active during each month of the study 

(Figure 17). One hundred percent of males captured were 

reproductively active February-June 1971 and February-April 

1972. Fifty percent or more were active thirteen of the 

nineteen months. The least activity occurred in November 

1970, August 1971 and October 1971, when less than twenty-

five percent were active. 

reached in October. 

The percent of 

The low point of six percent was 

repr<lductive activity in Q. 

campestris females reached highs of sixty-one percent in 

May 1971, sixty-seven in March 1972, and sixty-three in 

April 1972. Some percentage of rp.productive activity was 

recorded in seventeen out of nineteen months (Figure 17). 
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The two months with no activity recorded were September and 

November 1971. During over two-thirds of the study the 

level was greater than twenty-five percent; those periods 

were December 1970, January 1971, March-July 1971, and 

December 1971-May 1972. 

Field records indicate that nine females had 

multiple litters during a single reproductive season. 

Seven were pregnant twice during one season and two had 

three litters in three months. A female captured at 

Essaouria and shipped to the University of Arizona also 

showed evidence of post-partum estrous. It had two litters 

thirty days apart. An adul t male was present when the 

first litter was born, but was removed after twenty-four 

hours. The second litter was born twenty-nine days after 

the male was removed. 

Eight young females at the Essaouria study site 

became pregnant during the same reproductive season in 

which they were born. The extreme case was a female 

captured on May 2, 1971, which weighed 12 grams and was 

identified as a juvenile. When recaptured on June 16, 1971 

it was pregnant, weighing 35 grams. In the laboratory the 

young of G. campestris parents shipped from Essaouria to 

the University of Arizona reached 12 grams by 10-11 days 

after they were born (Figure 16), but their eyes were not 

opened until the fifteenth day. If the 12 gram female 
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captured on May 2 was 15-20 days old at that time, on June 

16 it would have been 50-55 days old. 

Twenty pregnant G. campestris females from 

Essaouria were examined by necropsy. The number of embryos 

observed varied from 4-6, with a mode of 5. The average 

number of embryos was 5.0. One female captured on the 

live-trap grid had a litter of 5 born in the trap. Three 

litters were born in the laboratory to G. campestris 

females shipped from Essaouria to Arizona. The numer of 

young were 2, 4 and 5. An average litter size for Essaouria 

f. campestris, based on embryo counts and live births, is 

4.8. 

Goulimine 

The small sample of f. campestris at the Goulimine 

site may have affected the pattern of reproductive activity 

indicated by Figure 18. Only one adult female was examined 

during each of the following months: March, April and May 

1971. Two adult females per month were captued and 

examined during November 1971, and May and June 1972. The 

one male captured and examined during June 1971 was new to 

the live-trap grid and was identified as a sub-adult. Two 

adult males per month were examined during March 1971, May 

1971, and May 1972. The highest numer of individuals of 

this species examined at Goulimine was sixteen in December 

1971 and March 1972. A change in grid size in April, ~Iay 
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and June 1972 reduced the number to 7, 4 and 5, 

respectively. 

Reproductively active males 

each month of the study except June 

were captured during 

1971, when the only 

male captured was a sub-adult. More than fifty percent of 

the G. campestris male population at Goulimine was repro

ductively active for twelve of the fifteen months during 

which the study site was operated. Based on the data shown 

in Figure 18, it appears likely that at least fifty percent 

of males would have been active in February 1972, thus 

making 13 out of 16 months during which at least fifty 

percent of the males were reproductively active. The 

lowest pe rc en tage of males re prod tic ti vely ac ti ve (other 

than during June 1971) was twenty-nine percent in November. 

One hundred percent of the G. campestris females 

examined were reproductively active between May-June 1972. 

The highest percentages of reproductively 

were reached during the final three months 

Some percentage of female reproductive 

recorded in seven of the sixteen months 

active females 

of this study. 

activity was 

(Figure 18). 

During the first three months, no reproductively active 

females were examined. Although none of the females 

captured were noted as reproductively active in August 

1971, a juvenile weighing 13 g was captured on August 20, 

indicating the presence of a lactating female earlier in 

the month. A similar circumstance occurred in October, 
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when none of the females examined were reproductively 

active; but another 13 g juvenile was captured, indicating 

the presence of at least one reproductively active female 

during that month. Based on those obsevations, it is 

likely that some females in the population were active 

during at least 9 months. 

Two ~. campestris females captured on the live trap 

grid near Goulimine were pregnant 

reproductive season. Additional 

twice during 

evidence of 

the same 

mUltiple 

litters during the same season was provided by a female 

captured at the Goulimine site and shipped to the Univer-

sity of Arizona. The female gave birth to one litter 

twenty days after a male had been introduced into her cage 

for twenty-four hours. On the day the litter was born the 

male was again introduced for twenty-four hours. A second 

litter was born to the same female twenty-seven days later. 

The second litter therefore provided evidence of 

post-partum estrus and delayed development, in addition to 

mUltiple litters, during a single reproductive season. 

Necropsies were performed on three pregnant females 

trapped near the Ii ve trap grid. The number of embryos 

found were 3, 4 and 8. The average was 5. Three litters 

were born in the laboratory to ~. campestris females from 

Goulimine. The number of babies born were 4,4 and 6. 

\.Jhen combining the embryo counts with the live births in 

the laboratory, the average litter size was 4.8. 
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Several attempts were made in the laboratory to 

breed Q. campestris captured at Essaouria with G. 

campestris from Goulimine. Those attempts produced one 

successful mating. A male from Goulimine was mated with a 

female from Essaouria, who produced one litter with two 

offspr~ng. 

Reproductively active G. nanus males were captured 

during each month of the study. Only during May 1971 did 

the level of activity reach one hundred percent (Figure 

19). Fifty percent or more of the males were active during 

thirteen of sixteen months, if February 1972 is included. 

The lowest level of male reproductive activity was recorded 

in November, at six percent. 

Reproductively active G. nanus females were also 

captured during each month of the study. One hundred 

percent of the females were found to be active during June 

1971 and April 1972. At least twenty-five percent were 

active during eleven out of the sixteen months. The low 

point, two percent, \~as reached in December 1971. The 

lowest period of reproductive activity was November 

1971-March 1972. 

Seven Q. nanus females were pregnant twice during 

the same reproductive season. Six of these females were 

pregnant twice within a two~month period. The seventh was 

pregnant twice within three months. There was one example 

of a female pregnant three times during April-June 1972. 
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Five females examined during necropsy were 

pregnant. The lowest number of embryos present was 2; the 

highest 6. The mode was 6 and the average 4.6. Four 

litters were born to G. nanus females shipped to the 

University of Arizona. Two litters had three young and two 

litters had four. When combining embryo counts with 

laboratory-born litters, the average litter size was 4.1. 

The embryo scars visible during necropsy were 

counted for all three species. These counts produced lower 

averages than counts made of actual embryos during 

necropsies. The number of scars counted in fifteen S!. 

campestris females ranged from 2-7, with a mode of 5 and an 

average of 4.8. For twenty-five S!. hesperinus females, the 

range was 2-7, an equal number of individuals had 4, 5 an 6 

scars, and the average was 4.6. Twelve G. nanus females 

had an average of 3.7 scars, a range of 1-7, and a mode 

of 3. 



DISCUSSION 

Various environmental factors have been demonstra-

ted as influencing reproduction iti mammals. Included are 

photoperiod, temperature, density, and food resources. 

Some summaries follow. However, as far as reproduction of 

nocturnal rodents inhabiting environments characterized by 

temporally variable times of favorable reproductive condi

tions, food availability as controlled by rainfall appears 

to be most influential. 

Photoperiod and Reproductive Cycles 

It is very difficult to determine what is effective 

daylight to mammals, especially in nocturnal species such 

as the gerbillines. Sadlier (1969) suggests three possible 

ways in which photoperiod may lead to the physiological 

changes associated with reproductive activity: (1) a 

cumulative increase or decrease in the total amount of 

light which has impinged on the individual; (2) the actual 

length of daylight reaches some critical triggering level; 

or; (3) an increase or decrease in the twenty-four hour 

photoperiod may stimulate or inhibit reproductive activity, 

depending on the reproductive status of the individual at 

the time of the change in photoperiod. 

ss 
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Sadlier discusses at length experimental and field 

studies on the effects of light on mammalian reproductive 

cycles. Based on his analysis of these studies, he con-

cludes that the onset of a breeding season may be affected 

by gradual alterations in the light environment, but that 

the actual stimulus which induces breeding is independent 

of the total length of the light period. However, in 

natural environments these gradual changes are relatively 

constant from year to year for a given location, and there-

fore may not explain the variations in reproductive 

activity observed in fluctuating populations. 

The latitudes at Essaouria (3l 0 3l 0 N) and Goulimine 

are such that relatively little seasonal 

variations in length of day occurs, especially as related 

to the degree of changes recorded for high latitudes. Data 

contained in the American Ephemeris and Nautical Almanac, 

1971 reveals that the daily change in time length between 

sunrise and sunset at 30° varies from 

2 minutes in March and September. 

.2 minute in June to 

Actual changes in 

photoperiod at the latitudes of the study sites do not show 

the degree of variation typical of more temperate regions. 

There is experimental evidence of photosensitive 

and photoinsensitive periods during the circadian rhythym 

cycles of golden hamsters. As little as one hour of light 

per day falling during the twelve-hour photosensitive 

period is adequate to maintain normal testicular activity 
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(Zucker et a1., 1980). Zucker concluded on the basis of 

these experiments that the hamster studies provide a 

substantive model for rodent photoperiodism, but that its 

generality for rodents remains to be tested. Experiments 

with hamsters also provide evidence that the pineal gland 

has a role in regulating seasonal reproduction. Seasonal 

gonadal cycles cease after pinealectomy (Reiter, 197). 

In all species reported on by Zucker et al. (1980), 

non-photoperiodic individuals were found. Further research 

may reveal that whole populations are non-photoperiodic. 

All species 

recrudence 

pinealectomy. 

reported 

despite 

Field 

on also evidenced eventual gonadal 

photoperiod or 

Gerbillus species 

no change in 

obsevations of 

studied in 1'10rocco did not reveal a pattern or level of 

diurnal or crepuscular activity. Such activity would be 

expected to provide an opportunity for light to affect a 

photosensitive period. The lack of evidence of that type 

of activity raises questions concerning the role of a 

photosensitive period in 

activity. Photoperiod 

the stimulation of reproductive 

is the most generally accepted 

stimulus for bringing natural populations into a pre-estrus 

state (Conaway and \.Jight,. 1962; Zucker et a1., 1980). 

Without further research, photoperiod cannot be eliminated 

or accepted as a proximate or predictive stimulus in the 

regulation of reproductive cycles in Moroccan gerbillines. 
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Temperature and Reproductive Cycles 

Before the importance of photoperiod as a regulator 

of reproductive activity was recognized, temperature was 

generally considered to be the main controlling factor in 

mammalian reproduction. The observations which led to that 

conclusion were 

(Sadlier, 1969). 

made primarily in temperate climates 

Detailed studies have failed to produce 

convincing evidence that temperature change stimulates the 

onset of reproductive cycles, but extremes in temperature 

have been shown to inhibit breeding in many domestic and 

wild species (Schiller, 1956; Marsden and Conaway, 1963; 

Goertz, 1965; Tucker and Oxender, 1980). 

with 

Figure 

rainfall) 

20 

for 

is a hythergraph (temperature compared 

Essaouria. Monthly air temperatures 

were taken from The Climate of Africa: Air Temperature, 

Precipitation, edited by Lebedev (1970). The hythergraph 

reveals two basic seasons, the cooler months are between 

November-April and the warmer months between May-October. 

The cooler months also receive the greatest rainfall. The 

warmer months receive, on an average, less than 20 mm of 

rain. The highest absolute maximum air temperature, 

42.8°C, was recorded during June. The absolute minimum air 

temperature, 2.8°C was recorded in January and February. 

Essaouria has a typical semiarid Mediterranean type of 

climate. 
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Figure 21 is a hythergraph for Goulimine. Tempera

tures for Goulimine were also taken from The Climate of 

Africa. The mean monthly air temperature is below 20°C for 

five months, December-April. 

December averages more than 

Of those 

20 mm 

five months only, 

of precipitation. 

Monthly mean air temperatures for Hay-November are above 

20°C, and November receives on the average more than 20 mm 

of precipitation, while the other months average less. The 

highest absolute maximum temperature recorded at Goulimine 

was 48.9°C, which has occurred during both August and 

September. The lowest absolute air temperature, 3.3°C, was 

recorded in March. The climate at Goulimine is typical of 

the hot, arid presaharan region. 

The pattern of reproductive activity shown by G. 

hesperinus at Essaouria exhibited variation between 1970-71 

and 1 9 7 1- 7 2 . The pat t ern doe s ,n 0 t cor reI ate wit h the 

variations in mean monthly air temperature shown in the 

hythergraph, except that generally increasing percentages 

of reproductively active individuals occur during cooler 

months and decreasing percentages are recorded in the 

warmer months. The graph of monthly percentages of active 

G. hesperinus females at Essaouria (Figure 15) correlates 

with the graph of average monthly precipitation levels more 

closely than with the mean monthly air temperatures. The 

lowest percentages of active individuals of both sexes do 

occur during the warmer months between July-November. 
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During this study the percentage of reproductively active 

,9. • .!!anus individuals never did reach zero, although the 

lowest percentage of reprodu~tively active individuals was 

recorded in the cooler months, November-January. In 1971 

the highest percentages were reached in May-July which are 

among the hottest months. During 1972 the highest 

percentages of reproductively active G. nanus individuals 

were recorded during the cooler months, February-May. 

There is no aparent correlation between mean monthly 

temperatures and the percentage of reproductively active 

individuals for the three species of Moroccan Gerbillus 

studied in this report. Although temperature changes do 

not appear to correlate with the onset of reproductive 

cycles, it is likely that temperature extremes for any 

extended period would inhibit reproductive activity. There 

were no extended periods of extreme cold or extreme heat 

during this study. 

Male Reproductive Cycles 

Reproductively active males of all three species 

were captured during each month of the study. The percent 

active varied from three to one hundred, and a cyclic 

pattern for each species is evident. The lowest percent-

ages of reproductive activity were recorded during the dry 

months. The percentages reached 100% during the optimal 
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about one month after periods 

The highest percentages of 
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of high precipita-

male reproductive 

activity generally preceeded the peaks of female activity 

by one to three months and remained at a high level until 

after the female percentages dropped. This pattern of male 

activity is consistent with those found by other authors. 

Sadleir (1969) states that the breeding season of male 

rodents generally is longer than that of the female. 

Prasad (1956) found, in field studies on Tatera indica, 

that males become physiologically active a few weeks before 

the onset of activity in females and remain sexually active 

for a few weeks after the cessation of breeding. 

Van De Graaf and Balda (1973) noted, when compar-

ing two populations of the Kangaroo Rat, Dipodomys 

merriami, a significant difference in reproductive activity 

which strongly correlated with the difference in rainfall 

and production of green vegetation. Their study and 

another reported by Reichman and Van De Graaf (1975) found 

that reproductive development in males as measured by 

lengths of testes, caudal epididymides and seminal vesicles 

increased with precipitation and primary production. 

Although the duration of fi,eld studies in Morocco did not 

include two complete reproductive cycles at either site, a 

similar correlation is apparent. In the populations 

studied, changes in the level.and duration of male repro-
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ductive activity correlated with changes in precipitation 

and primary productivity. 

Niethammer (1976) found the testes of G. nanus 

males in the Goulimine area were regressed during March of 

1975. A comparison of his findings with data collected 

during this study provides evidence that drought has an 

inhibitory effect on male reproductive activity in that 

species. During March 1971 and 1972 more than eighty 

percent of .Q.. nanus males were found to be reproductively 

active. Between July-March 1970-71, rainfall at Goulimine 

totaled 97.8 mm, between July-March 1971-72 the total was 

83.2 mm, whereas between July-March 1974-75 the total 

precipitation recorded was only 28.3 mm. 

The actual initiation of male reproductive activity 

in some members of the population does not appear to be 

related to precipitation or primary productivity. The 

cycle usually started before months of high rainfall. This 

observation is similar to that made by Petryszyn (1982) 

during a nine-year study 

Sonoran desert. He noted 

on heteromyid rodents 

that some males tended 

in 

to 

the 

be 

reproductively active every year during the same time 

period, despite variations in precipitation. 

Female Reproductive Cycles 

Females in each species of Gerbillus in the 

populations studied appear to have somewhat different 
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reproductive cycles. Although levels of activity and 

precipitation patterns were highly correlated in males, the 

correlation 

reproductive 

was stronger 

activity for 

in females. 

f· campestris 

The level 

females 

of 

at 

Essaouria began to increase during December of both 1970 

and 1971. The annual winter rainy season usually started 

two months earlier. This two-month period suggests a 

relationship to primary productivity as well as precipita

tion. 

During February 1971 and 1972 a drop in the level 

of activity for f. camDestris females occurred. This drop 

correlates with a drop in average monthly precipitation. 

The pattern of activity suggests a reproductive cycle 

adapted to long-term seasonal weather patterns. 

Increases in the level of reproductive activity for 

f. hesperinus females occurred in March 1971 and January 

1972. These changes occurred 2-3 months after the start of 

the winter rainy season. The more gradual increase in the 

level of reproductive activity during 1972 may be a 

reflection of lower-than-average precipitation levels 

during the preceeding winter. 

Females of both species captured at Essaouria 

reached peaks of reproductive activity during May 1971, 

after which the level of activity declined rapidly, except 

for a leveling above 50% during June and July for G. 

hesperinus. This maintenance of a relatively high level 
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during those months occurred two months after the unusually 

high rainfalls during March and April. Field records 

indicate a noticeable increase in ground cover, including 

small grasses and flowering plants, following those rains. 

For ~. hesperinus females there appears to be a correlation 

between the initiation of reproductive activity and 

precipitation followed by increased primary productivity. 

The duration of the cycle also seems to be related to 

primary productivity. 

Field studies at the Goulimine site were of shorter 

duration than those at Essaouria. As a result, the 

initiation of only one reproductive cycle was observed. 

The small sample size of ~. campestris at Goulimine also 

prescribes caution when drawing conclusions. Although it 

is not possible to comment on the initiation of the 

reproductive cycle for G. campestris females at Goulimine, 

the data do provide some insight into the duration of the 

cycle. Reproductive activity continued throughout the dry 

months at Goulimine, "hereas at Essaouria the level was 

greatly reduced during August and September. The most 

obvious environmental difference between the two locations 

was that the Goulimine study area was a newly protected 

area and the Essaouria site had been protected for many 

years. The increased level of nutritional resources at 

Goulimine may have resulted in a lengthened reproductive 

cycle. 
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The reproductive cycle of G. nanus females at 

Goulimine also appears to be correlated with precipitation 

and primary productivity. Although the percentage did not 

decrease to zero during the field studies, a sharp increase 

in activity was recorded in April and May 1971 after the 

unusually high rainfalls of February and March. Two months 

after those heavy rainfalls, one hundred percent of the 

adult females examined were reproductively active. During 

the dry months the level of activity dropped consistently. 

Another sharp increase in the percentage of reproductive 

activity was recorded in April 1972, after unusually heavy 

rainfall in February, again reaching one hundred percent 

two months later. The two-month time lag between peak 

precipitation and the dramatic increases in reproductive 

activity again suggests a correlation with primary 

production rather than actual rainfall. 

Females of each of the three species of Moroccan 

Gerbillus studied appears 

reproductive cycle relative to 

production. The G. campestris 

closely correlated to average 

to exhibit a different 

precipitation and primary 

cycle appears to be more 

seasonal variations. G. 

hesperinus and G. nanus both appear to have cycles more 

closely correlated to actual precipitation and the ensuing 

primary productivity. During this study the response of G. 

nanus was quicker and resulted in a higher percentage of 

activity. G. nanus is the smallest of the three species. 
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Petryszyn (1982) found that the smaller heteromyid species 

also responded more quickly to optimal conditions. 

Initiation of Reproductive Cycles 

The initiation and duration of reproductive cycles 

are of particular significance to 

unpredictable environments. A rapid 

rodents inhabiting 

response and maximal 

utilization of optimal conditions for reproduction are as 

important as the ability to sustain during less-than-

favorable periods. Conaway and Wight (1962), based on a 

study of the cottontail, Sylvilagus floridanus, hypothesize 

"an overall external stimulus which brings all female 

members of a population into what may be termed a 

pre-estrus condition at about the same time. Variable 

population and environmental factors may then determine 

whether or not each female will actually achieve estrus and 

breed." Their study indicated that severe weather and high 

density lead to a delay in achieving estrus. Change in 

photoperiod is the most generally accepted stimulus for 

bringing natural populations into a pre-estrus state. But 

as Marshall (1959) states, "it is difficult to imagine that 

any vertebrate, however precisely its sexual cycle was 

originally adapted to photo-fluctuations, would fail to 

develop a response to other external stimuli if its 

environment changed to a degree that made it beneficial to 

do so." 
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Several environmental factors have been proposed as 

the actual triggers for the onset of breeding in rodents. 

While Ashby (1967) suggests an interrelationship between 

nutrition, precipitation and temperature, other authors are 

more specific. Suggested stimulants to reproductive 

activity include nutrients contained in fresh vegetation 

(Reynolds, 1960), plant estrogens (Pinter and Negus, 1965), 

vitamins contained in the diet (Beatley, 1969), and dietary 

water (Bradley and Mauer, 1971). Increased ingestion of 

green plant materials soon after rains has been correlated 

with increased reproductive activity by Chew and 

Butterworth (1964), and Reichman and Van de Graaf (1965). 

Petryzyn (1982) points to evidence that the rapid increase 

in small rodent density following a "desert bloom" due to 

higher-than-average precipitation implies a triggering role 

for green vegetation. 

The two months of elapsed time between periods of 

high rainfall and increased reproductive activity recorded 

for all three species studied in Morocco suggest a 

relationship between new growth of green vegetation and the 

initiation of increased reproductive activity. Important 

events which might occur during that two months include 

germination of seeds, ingestion of green plant materials by 

the rodents, initiation of estrus, and development of 

embryos. 
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Density and Reproductive Cycles 

The carrying capacity of a given environment is 

related to density-dependent factors and adequate nutri

tional resources to maintain populations. These factors 

have also been suggested as regulators of reproductive 

activity. Increased levels of inter- and intra-specific 

encounters have been correlated with reduced levels of 

reproductive activity. McColloch and Inglis (1961) suggest 

that high densities of Dipodomys ordii delayed the onset of 

breeding despite good rains and optimima1 conditions for 

two consecutive years. Eisenberg and Isaac (1963), in 

pairing experiments with heteromyid rodents, conclude that 

the continuous proximity of a male appears to cause the 

female to enter a prolonged anestrus. Geller ~nd Christian 

(1982) and Christian (1963) present evidence from both 

laboratory and field data which confirms a relationship 

betwen density, adrenocortical function, and reproduction. 

High densities lead to an increase in circulating levels of 

ACTH and adrenal steroids, including sex steroids and a 

decrease in circulating levels of gonadotropins and gonadal 

steroids. In individuals the result is decreased 

reproductive function, including delayed maturation. 

The data collected during this study do not confirm 

density related inhibition of reproductive activity. A 

second reproductive cycle was initiated for each of the 

species, despite increased population densities. In fact 
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the increased levels of activity started earlier than the 

previous year in some instances. The second cycle for ~. 

hesperinus did increase at a slower rate than the first 

cycle, and the density of ~. hesperinus was the highest of 

the three species, but less favorable rainfall and primary 

productivity may also have tempered the level of response. 

Carrying Capacity and 
Reproductive Activity 

During periods of increased primary productivity 

and increased nutritional resources, the average body 

weights of each species of rodent is likely to increase. 

Since biomass is the product of density and body weight, a 

corresponding increase would be expected. A decrease in 

biomass would be expected as nutritional resources diminish 

and carrying capacity is reached or exceeded. At the 

Goulimine study area biomass for both species of Gerbillus 

increased throughout the study. Three monthly downturns 

occurred in November 1971, January, and May 1972. These 

Here followed by monthly levels exceeding those of the 

months before the decline. The largest monthly drop was in 

November, which correlated with the conclusion of the 

driest period of the year. Biomass continued to increase 

during the final month of the study, suggesting that the 

carrying capacity at that site had not yet been reached. 

Population density and species biomass levels reached were 

far below levels reched in North American deserts. 
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Although the biomass of the gerbilline species at Essaouria 

reached much higher levels than those at Goulimine, they 

too were much lower than the levels reported in Southern 

Arizon3 during optimal conditions. Petryszyn (1982) 

reported levels of over 1100 g/hectare for Perognathus 

amplus and P. penicillatus. The highest levels recorded 

during this study were 733.7 

and 449.9 g/hectare for G. 

g/hectare for G. hesperinus 

campestris. Although the 

carrying capacity of the Moroccan study areas is likely to 

be lower than that of the Sonoran desert near Tucson, 

Arizona, it is not possible to establish a correlation 

between reproductive activity and biomass from the data 

available. 

rand K Selection 

The reproductive strategy of a given species has 

been shaped by natural selection. The role played by 

environmental factors and the subsequent life history 

patterns has been discussed in terms of rand K selection 

(MacArthur and Wilson 1967, Gadgil and Bossert 1970, Pianka 

1970, 1972, Gadgil and Solbrig 1972, French et ale 1973 and 

Conley et ale 1976). Generally in population biology 

literature, r refers to the instantaneous rate of 

population increase and K to carrying capacity. 

Pianka (1970, 1972) suggests.!:. strategist species 

are adapted to conditions in which offspring are less 
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likely to encounter high intensities of competition. The L 

strategists would therefore produce a larger number of 

offspring with less energy expended on each progeny. K 

strategists, on the other hand, are adapted to more highly 

saturated environments, producing a smaller number of 

offspring and expending more energy per progeny. Since no 

organism is likely to be completely r-selected or 

completely K-selected, Pianka proposes a r-K continuum. 

The location of organisms on the continuum provides a means 

of comparing reproductive strategies evolved by various 

species. 

Pianka (1972) and Flemming (1979) suggest charac-

teristics which would correlate with the strategy evolved. 

Included among the characteristics of r-selected species 

are rapid development, early reproduction, high fecundity, 

and high r ,the rate at which an organism can fill an -max 

ecological vacuum. K selection, on the other hand, leads 

to increasing efficiency in utilization of environmental 

resources, slower development, delayed reproduction, low 

fecundity, and relatively constant densities from 

generation to generation. Fleming suggests that 

r-selection leads to a "boom or bust" strategy, in which 

populations often overshoot K. 

Selection favors those members of any population 

that leave the greatest number of eventual descendants. 

The MacArthur-Wilson model suggests that in populations 
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inhabiting variable environments, selection \vould favor a 

reproductive strategy emphasizing productivity. The 

variable and unpredictable nature of arid zones would seem 

therefore to lead to E.-selected species. The ecological 

vacuum resulting during optimal conditions should favor 

species with the ability to respond quickly, those with a 

high r -max On the other hand, extended periods of 

unfavorable conditions should favor the efficient utiliza-

tion of resources characteristic of the K-strategist. 

Caswell (1982 ) suggests that non-equilibrium 

species in less stable habitats will have r-selected 

characteristics but that the theory of r- and K-selection 

lacks the demographic basis necessary for making life 

history predictions. Conley et al. (1976) were unable to 

effectively rank Chihuahuan desert rodents on an r-K 

continuum using Pianka's correlates and data collected from 

the literature. They suggest that it is more important to 

emphasize the temporaly dynamic nature of the demographic 

strategy of desert rodents. These animals appear to be 

E.-strategists during optimal conditions and relative 

K-strategists during times of drought and low nutritional 

resources. 

It is evident that a temporally dynamic 

reproductive strategy would be advantageous to species 

inhabiting arid environments with their characteristic 

variability and unpredictability. Nichols et a1. (1976) 
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examined reproductive strategies of organisms inhabiting 

variable environments and found that numerous organisms 

exhibit temporally dynamic reproductive strategies. They 

conclude that a mean or model r-K continuum position is 

less instructive than a measure of year-to-year variation 

in reproductive effort. Although the placement of an 

organism in the r-K continuum may not be of practical 

significance, some of the characteristics associated with r 

or K strategists are of interest in comparing reproductive 

tactics. Those factors which lead to a high r under -max 

optimal conditions provide one basis of comparison. 

Data collected on Moroccan gerbilline rodents 

indicate several characteristics which influence r -max 

Factors which increase r are early sexual maturity, -max 

large litters and multiple litters per reproductive cycle. 

Females of both G. hesperinus and G. campestris exhibited 

early sexual maturity, with young of the year becoming 

pregnant during the same season in which they were born, 

possi bly as early as 50-60 days old. Some females of all 

three species had mUltiple litters during a single 

reproductive season; in each case there were examples of 

three litters per seasQn. In the laboratory two £. 
campestris females had second litters 27 and 30 days after 

the first, indicating post-partum estrus. G. hesperinus 

had the largest mean litter size at 5.8. G. campestFis had 

4.8, and £. nanus 4.6. Both G. hesperinus and G. nanus had 
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a mode of 6, while the mode for Q. campestris was 5. All 

of these factors indicate the capacity for rapid response 

to optimal environmental conditions. 

Evidence of a high r -max is 

rapid increases in density recorded. 

also provided by the 

At Essaouria there 

was 3.6-fold increase during a three-month period. At 

Goulimine, density of Q. campestris increased over 5 times 

a~d the density increase for G. nanus was more than 

eighteen-fold during a one-year period. These increases 

indicate that Moroccan gerbil line rodents are capable of 

responding quickly to the ecological vacuum created by the 

presence of optimal conditions which follow the charac-

teristic periods of drought in an arid region. 

The nine-year study of Sonoran desert species by 

Petryszyn (1982) indicates that the densities reached by 

heteromyid species provide evidence of a similar strategy. 

He recorded increases of up to twelve-fold in five months. 

Factors which affect r in heteromyids have been reported -max 

by several authors. Heteromyid species may become 

reproductively active within 2-3 months after birth (Conley 

et al., 1976). They also often exhibit multiple litters 

per yer (Conley et ale 1976 and French et ale 1975). The 

mean litter size for Heteromyids is 4 (Conley et ale 1976). 

Both gerbil lines and heteromyids appear to have the 

capacity for multiple litters during a single reproductive 

cycle and early sexual maturity of female young. The 
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higher average litter size found in the gerbillines may 

indicate a higher r for the Moroccan species than for -max 

North American heteromyids. 



SUMMARY AND CONCLUSIONS 

Rodents are successful tenants of arid regions 

around the globe. A variety of rodent species has evolved 

in the major deserts, and although derived from unrelated 

stocks, convergent evolutionary patterns have emerged. In 

order to survive and propagate in the unpredictable and 

often hostile environment of these arid zones, an array of 

anatomical, physiological and behavioral adaptations are 

evident, including nocturalism, burrowing, efficient use 

and retention of water, and storage of nutrients. It 

appears that selection may have shaped a characteristic 

reproductive strategy as well. 

A successful 

of deserts requires 

reproductive strategy for inhabitants 

adaptations which allow for. the 

unpredictability of key environmental factors. The ability 

to take advantage of optimal conditions and the ability to 

sustain varying periods of resource shortage are both 

important. It appears that Moroccan gerbillines have a 

reproductive strategy adapted to an arid zone. The three 

species reported on in this study all appear to have a 

reproductive cycle stimulated by optimal conditions, especi

ally precipitation and increased primary productivity. 

78 
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It is likely that both photoperiod and temperature 

play some role in the regulation of reproductive activity. 

Change in light regime remains the most generally accepted 

stimulus for reproductive activity. Although experimental 

studies on the golden hamster provide a model for rodent 

photoperiodism, the role of light in the reproductive cycle 

of gerbilline rodents remains to be examined. The lack of 

evidence for extensive diurnal or crepuscular activity in 

the three Moroccan species raises some question concerning 

the opportunity for light to interact with a photosensitive 

period. This study provides no evidence that temperature 

plays a role in the initiation or termination of 

reproductive activity. Since there were no extended 

periods of temperature extreme at either study site, a role 

cannot be excluded. 

Although a cyclic pattern of male reproductive 

activity was evident in the populations studied, reproduc

tively active males of all three species were captured 

during each month of the study. The percent of active 

males reached the lowest level during the driest months and 

during optimal periods registered one hundred percent. 

High percentages of reproductively active males preceeded 

increased percentages of reproductively active females by 

one to three months, and remained at the higher levels 

until the percentages of reproductively active females in 

the population declined. 
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Females of each of the three species of Moroccan 

gerbillines observed during this 

somewhat different patterns of 

study appear 

response to 

to have 

optimal 

conditions. 

campestris 

At Essaouria, the cyclical patterns of G. 

females correlates with long-term annual 

rainfall patterns. At the same location increases in the 

percentage of active Q. hesperinus females was more closely 

correlated with actual rainfall patterns, with increasing 

percentages of activity occurring two months after periods 

of high precipitation. G. nanus females at Goulimine also 

responded to actual periods of high rainfall with an 

increased percentage of reproductively active individuals 

about two months later. The two-month delay between actual 

periods of heavy precipitation and increased levels of

reproductive activity suggest that the response may have 

actually been triggered by primary productivity. Sustained 

high levels of reproductive activity by both G. campestris 

and G. nanus at Goulimine further suggest primary 

productivity as an important factor in controlling the 

length of reproductive cycles. 

All three species of Moroccan gerbillines appear to 

have characteristics associated with E.-strategists. The 

observed correlation between high levels of reproductive 

activity and precipitation accompanied by primary produc

tion, also suggest a mechanism for a temporally dynamic 

demographic strategy. Optimal conditions would stimulate 
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rapid increases in numbers while less than optimal condi-

tions would inhibit reproductive activity. Both the 

Moroccan species of Gerbillus reported on in this study and 

heteromyid rodents in the Sonoran desert have demonstrated 

the ability to respond rapidly and prolifically to optimal 

conditions. The eighteen-fold increase in density by .Q. 

nanus and the five-fold increase by .Q. campestris during a 

one-year period are comparable to the six- and twelve-fold 

increases recorded for heteromyids. 

The results of this study further confirm the 

observations of Charles Darwin. The unpredictable and 

variable environment characteristic of arid regions appears 

to have shaped 

populations. High 

the reproductive 

percentages of 

strategy of 

reproductively 

rodent 

active 

individuls during optimal conditions result in a rapid 

increase in numbers. The increase in numbers therefore 

increases the probability of survival of some individuals 

during periods of drought, and therefore survival of the 

species. 



APPENDIX A 

TRAP RECORDS, ESSAOUIRA AND GOULIMINE 
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Table A .l. Trap record, Essaouira. --- (T) Indicates 
Tomahawk; (S) Indicates Sherman. 

Date Traps on Grid Necropsy Traps 

Nov. 6, 1970 18 

Nov. 9 100(T), 100 (S) 

Nov. 10 100 (T) , 100 (S) 

Nov. 11 100 (T) , 100 (S) 

Nov. 12 100 (T), 100 (S) 

Nov. 13 100 (T), 100 (S) 

Nov. 14 100 (T) 

Nov. 15 100 (T) 

Nov. 16 100 (T) 

Nov. 17 50 

Dec. 20 125 

Dec. 22 100 (T) 

Dec. 23 100 (T) 

Dec. 24 100 (T) 

Dec. 25 100 (T) 

Dec. 26 100 (T) 

Dec. 27 100 (T) 

Dec. 28 100 (T) 

Jan. 22, 1971 40 (T), 60 (S) 

Jan. 23 70 (T) , 30 (S) 

Jan. 24 100 (T) 40 
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Table A .l. -- Continued 

Date Traps on Grid Necropsy Traps 

Jan. 26 100 (T), 100 (S) 50 

Jan. 27 30 

Jan. 28 100 (T) , 100 (S) 

Jan. 29 100 (T) , 100 (S) 

Jan. 30 50 

Feb. 5 100 (T) 

Feb. 6 100 (T) 

Feb. 7 100 (T) 

Feb. 23 100 (T) , 100 (S) 

Feb. 24 100 (T) • 100 (S) 

Feb. 25 100 (T) • 100 (S) 60 

Feb. 26 100 

Mar. 15 100 

Mar. 16 100 

Mar. 26 100 (S) 

Mar. 28 100 (T), 100 (S) 

Mar. 29 100 (T) • 100 (S) 60 

Mar. 30 100 (T) llO 

Mar. 31 llO 

Apr. 19 100 (T) • 100 (S) 

Apr. 20 100 (T) , 100 (S) 100 
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Table A .l. -- Continued 

Date Traps on Grid Necropsy Traps 

Apr. 21 100 (T), 100 (S) 

Apr. 22 150 

Apr. 26 100 

Apr. 22 50 

Apr. 28 62 

Apr. 29 100 (T), 100 (S) 

Apr. 30 100 (T) , 100 (S) 19 

May 1 100 (T), 100 (S) 50 

May 18 100 (T), 100 (S) 

May 19 100 (T) , 100 (S) 50 

May 20 100 (T) , 100 (S) 

May 25 100 (T) , 100 (S) 

May 26 100 (T), 100 (S) 131 

May 27 100 (T), 100 (S) 132 

June 15 100 (T) , 100 (S) 100 

June 16 100 (T) , 100 (S) 

June 17 100 (T), 100 (S) 

June 23 100 (T) 

June 24 100 (T) 50 

June 25 100 (T) 

July 19 132 

July 20 100 (T), 100 (S) 
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Table A .l. Continued 

Dat.e Traps on Grid Necropsy Traps 

July 21 100 (T), 100 (S) 

July 22 100 (T) , 100 (S) 

July 27 100 (T) , 100 (S) 100 

July 28 100 (T), 100 (S) 

July 29 100 (T) , 100 (S) 

Aug. 16 100 (T) , 100 (S) 125 

Aug. 17 100 (T), 100 (S) 

Aug. 18 100 (T) , 100 (S) 

Aug. 19 100 (T) , 100 (S) 

Aug. 23 100 (T) , 100 (S) 40 

Aug. 24 100 (T) , 100 (S) 40 

Aug. 25 100 (T), 100 (S) 12 

Sep. 20 100 

Sep. 21 100 (T), 100 (S) 50 

Sep. 22 100 (T) , 100 (S) 

Sep. 23 100 (T), 100 (S) 

Sep. 29 100 (T) , 100 (S) 

Sep. 30 100 (T) , 100 (S) 

Oct. 19 100 

Oct. 20 100 (T), 100 (S) 

Oct. 21 100 (T) , 100 (S) 
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Table A.l -- Continued 

Date Traps on Grid Necropsy Traps 

Oct. 22 100 (T) , 100 (S) 

Nov. 13 100 (T) , 100 (S) 100 

Nov. 14 100 (T) , 100 (S) 26 

Nov. 20 100 (T), 100 (S) 

Nov. 21 100 (T) , 100 (S) 

Dec. 4 100 

Dec. 5 100 (T) , 100 (S) 100 

Dec. 6 100 (T), 100 (S) 50 

Dec. 7 100 (T), 100 (S) 

Dec. 13 100 (S) 

Dec. 14 100 (T) , 100 (S) 

Jan. 11, 1972 100 (T), 100 (S) 100 

Jan. 12 100 (T), 100 (S) 

Jan. 13 100 (T), 100 (S) 

Jan. 20 100 (S) 

Jan. 21 100 (S) 

Jan. 22 80 (S) on perimeter 

Feb. 14 150 

Feb. 15 100 (S) 50 

Feb. 16 100 (S) 50 

Feb. 17 800 (S) on perimeter 
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Table A .l. -- Continued 

Date Traps on Grid Necropsy Traps 

Mar. 2 125 

Mar. 20 100 (S) 90 

Mar. 21 100 (S 90 

Mar. 22 100 (S) 50 

Apr. 15 100 (S) 

Apr. 16 100 (S) 

Apr. 17 100 (S) 80 

Apr. 18 100 (S) 80 

Apr. 19 100 (S) 

Apr. 20 100 (S) 80 

May 2 100 snaps, 100 (S) assessment lines 

May 3 100 snaps, 107 (S) assessment lines 

May 4 100 snaps, 107 (S) assessment lines 

May 5 100 snaps, 107 (S) assessment lines 

May 6 100 snaps, 107 (S) assessment lines 

May 7 100 snaps, 107 (S) assessment lines 

May 8 100 snaps, 107 (S) assessment lines 

May 9 100 snaps 

- - - -- - - -- - - -- ---------
Total trap nights on grid 17,209 

Total necropsy trap nights = 3,967 
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Table A.2. Trap record, Goulimine. -- (T) Indicates 
Tomahawk; (S) Indicates Sherman; and (A) 
indicates Arizona. 

Date Traps on Grid Necropsy Traps 

Feb. 21, 1971 100 

Mar. 18 125 

Mar. 19 100 

Mar. 20 100 

Mar. 22 100 (S) 

Mar. 23 100 (S) 30 

Mar. 24 100 (S) 30 

Mar. 25 75 

Apr. 24 100 (S) 48 

Apr. 25 100 (S) 21 

Apr. 26 100 (S) 19 

Apr. 27 44 

May 19 50 (T) , 50 (A) 

May 20 50 (T) , 50 (A) 

May 21 50 (T), 50 (A) 

May 22 50 (T) , 100 (S) , 50 (A) 

May 23 50 (T) , 100 (S) , 50 (A) 

June 19 50 (T), 50 (S) 

June 20 50 (T), 100 (S) , 50 (A) 

June 21 50 (T) , 100 (S) , 50 (A) 30 
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Table A.2. -- Continued 

Date Traps on Grid Necropsy Traps 

June 22 50 (T), 50 (A) 30 

July 21 50 (T) , 50 (A) 

July 22 50 (T), 50 (A) 

July 23 50 (T), 50 (A) 75 

July 24 50 (T) , 50 (A) 100 

July 25 50 (T), 50 (A) 

Aug. 18 50 (T) , 50 (A) 

Aug. 19 50 (T) , 50 (A) 

Aug. 20 50 (T) , 50 (A) 50 

Aug. 21 50 (T) , 50 (A) 50 

Aug. 22 50 (T) , 50 (A) 

Sep. 23 50 (T) , 50 (A) 50 

Sep. 24 50 (T) , 50 (A) 150 

Sep. 25 50 (T), 100 (S) , 50 (A) 150 

Sep. 26 50 (T), 100 (S) , 50 (A) 

Sep. 27 50 (T) , 50 (A) 

Oct. 24 100 

Oct. 25. 50 (T) , 100 (S) , 50 (A) 100 

Oct. 26 50 (T) , 100 (S) , 50 (A) 

Oct. 27 50 (T), 100 (S) , 50 (A) 
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Table A. 2. -- Continued 

Date Traps on Grid Necropsy Traps 

Nov. 15 50 (T) , 50 (A) 

Nov. 16 50 (T) , 50 (A) 

Nov. 17 50 (T) , 100 (S) , 50 (A) 150 

Dec. 9 50 (T) , 100 (S) , 50 (A) 100 

Dec. 10 50 (T) , 100 (S) , 50 (A) 

Dec. 11 50 (T) , 100 (S) , 50 (A) 

Jan. 15, 1972 50 (T) , 100 (S) , 50 (A) 

Jan. 16 50 (T) , 100 (S) , 50 (A) 

Jan. 17 50 (T) , 100 (S) , 50 (A) 150 

Jan. 18 150 

Jan. 19 100 

Mar. 15 50 (T), 100 (S) , 500 (A) 

Mar. 16 50 (T) , 100 ( S ) , 50 (A) 100 

Mar. 17 50 (T), 100 (S) , 50 (A) 

Mar. 18 50 (T) , 100 (S) , 50 (A) 

Apr. 23 196 total on 14 x 14 grid 

Apr. 24 196 total on 14 x 14 grid 100 

Apr. 25 196 total on 14 x 14 grid 100 

May 16 196 total on 14 x 14 grid 85 

May 17 150 total on assessment lines. 
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Table A. 2. -- Continued 

Date Traps on Grid Necropsy Traps 

May 18 142 total on assessment lines 

May 19 141 total on assessment lines 

May 20 141 total on assessment lines 

May 21 141 total on assessment lines 

May 22 100 

June 4 196 snaps, 68 (S) on perimeter 

June 5 196 snaps, 68 (S) on perimeter 

June 6 196 snaps, 68 (S) on perimeter 100 

June 7 196 snaps, 68 (S) on perimeter 

June 8 196 snaps, 68 (S) on perimeter 

June 9 196 snaps, 68 (S) on perimeter 

June 10 196 snaps, 68 (S) on perimeter 

- -- - -- - - -- - - -- - - - -- - - - --
Total trap nights on grid 10,011 

Total necropsy trap nights = 2,810 
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93 



94 

Table B .l. Reproductive data .from necropsies at Essaouira. 
-- Measurements are in millimeters. For 
females 0 indicates not pregnant; + indicates 
pregnant. 

Males Females 

Testis Epididymus Uterine 
. -- Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

Gerbi11us campestris 

1970 

11-11 6.5 3.7 6.3 2.6 

11-11 4.2 2.6 4.1 3.0 

11-13 3.3 2.2 

11-14 0 

11-14 0 

11-18 5.0 3.7 

12-15 11.1 6.0 5.0 2.1 0 

12-15 11.0 6.9 7.1 4 .. 2 0 

12-15 10.2 6.0 3.3 3.0 

12-15 11.1 5.9 8.9 4.1 

1971 

1-29 + 4 

2-7 10.9 9.5 6.6 5.4 + 6 

2-7 10.6 7.5 8.9 4.9 0 

2-7 10.5 7.6 8.6 5.1 

2-24 0 

2-25 11. 2 8.0 8.4 4.4 0 2.8 
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Table B .1. -- Continued 

Males Females 

Testis EQididymus Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

2-26 10.8 7.4 8.5 4.4 0 3.7 

2-26 11.4 7.7 8.3 5.4 0 2.0 

2-26 12.0 8.2 8.8 4.8 0 

3-17 10.8 7.9 9.4 4.9 0 2.1 

3-17 12.4 8.1 9.1 4.8 0 2.6 

3-17 11.6 8.1 8.3 5.4 0 1.9 

3-17 0 2.0 

3-31 12.2 7.6 10.4 6.6 0 1.9 

3-31 11.8 7.9 10.3 5.4 + 5 

3-31 11. 3 7.9 8.7 4.7 

3-31 10.9 8.9 9.2 5.0 

4-1 + 6 

4-1 0 2.7 

4-1 + 6 

4-20 0 2.0 

4-22 10.5 7.4 10.9 4.8 

4-23 10.1 7. 7 8.6 5.4 

4-27 12.3 9.1 10.0 4.6 0 

4-27 10.0 8.6 8.2 4.6 + 5 

4-28 10.2 7.3 9.6 3.7 

4-28 9.6 6.7 9.1 3.5 
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Table B .1. -- Continued 

Males Females 

Testis EEididymus Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

4-29 10.7 7.6 7. 7 5.5 0 0.9 

4-29 11.4 8.5 9.6 4.7 0 1.2 

4-29 10.8 7.8 8.4 4.3 + 6 

4-29 + 5 

5-1 10.9 6.85 9.6 4.0 

5-20 0 2.2 

5-20 + 5 

5-27 7.9 5.4 5.1 3.7 0 2.5 

5-28 10.0 6.6 8.4 3.9 + 6 

5-28 11. 6 7.8 8.2 4.3 0 

5-28 11.5 8.3 10.4 5.8 + 5 

5-28 7.5 6.4 3.6 2.6 + 5 

5-28 10.9 6.8 6.2 3.9 0 1.0 

6-16 4.5 3.1 0 

6-16 10.5 6.6 8.2 4.3 + 5 

6-16 3.9 3.1 0 2.1 

6-16 2.5 2.2 0 

6-16 10.7 8.5 8.3 5.7 + 5 

6-16 0 1.6 

6-25 0 1.5 
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Table B .1. -- Continued 

Males Females 

Testis EJ2ididymus Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

7-20 12.2 7.3 9.8 5.0 0 0.7 

7-20 4.9 3.2 0 0.8 

7-20 5.5 3.7 2.7 1.4 0 

7-20 3.4 2.7 0 0.7 

7-20 0 0.6 

7-20 0 0.8 

7-28 0 1.0 

7-28 0 1.0 

7-28 + 4 

7-28 0 1.0 

8-17 5.9 4.3 2.5 1.4 0 0.6 

8-17 5.0 3.0 3.0 1.2 

8-17 4.4 2.2 

8-25 5.5 3.2 2.8 1.4 0 1.2 

8-25 3.2 2.5 2.4 1.2 0 1.5 

8-25 3.9 2.2 2.4 1.1 

8-28 0 0.9 

9-21 7.2 4.5 3.1 2.6 0 1.2 

9-21 8.0 4.7 2.0 1.7 0 0.5 

9-21 4.0 1.8 
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Table B .1. -- Continued 

Males Females 

Testis EQididymus Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

9-22 11.1 7.9 7.6 4.8 0 1.6 

9-22 0 1.6 

9-22 0 0.9 

10-19 3.3 2.2 1.3 1.0 0 0.9 

10-20 3.9 2.4 1.4 1.0 

10-20 3.2 2.2 2.2 0.9 

10-20 3.9 2.4 2.4 1.1 

11-13 7.4 4.8 3.9 2.0 

11-14 3.6 2.6 2.6 1.0 0 0."6 

11-14 9.2 5.9 6.1 3.5 

11-15 6.5 4.3 4.1 2.0 0 0.5 

11-15 7.4 4.8 4.0 2.2 0 0.9 

11-15 9.9 7.1 6.7 3.5 

11-15 10.7 6.6 7.3 3.7 

11-21 5.6 3.7 3.3 1.8 

12-6 8.7 5.8 5.8 3.0 0 1.0 

12-6 9.3 7.3 8.0 3.4 

12-6 9.5 6.8 5.0 2.8 

12-8 10.9 7.7 8.5 4.6 

12-8 8.3 6.7 6.2 2. 7 

12-15 + 6 
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Table B .1. -- Continued 

Males Females 

Testis Epididymus_ Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

1972 

1-11 9.3 7.2 7.6 4.0 

1-12 10.1 6.8 8.5 3.6 0 0.8 

1-12 0 0.7 

1-14 9.9 6.9 7.6 3.6 + 5 

2-17 11.5 7.4 8.3 4.2 

3-2 10.4 7.0 9.4 4.7 0 1.1 

3-2 9.4 7.3 8.4 5.4 

3-21 10.9 7.6 8.1 4.7 

3-21 10.1 6.7 7. 7 4.2 

3-23 0 0.9 

4-18 9.8 6.2 6.5 3.3 0 0.5 

4-18 9.5 7.4 9.1 5.7 0 2.4 

4-18 10.3 8.1 9.3 5.4 

4-18 11.9 8.3 9.2 4.8 

4-18 9.6 6.9 6.5 3.9 

4-18 11.5 7.7 7.9 4.6 

4-19 10.9 6.5 8.5 4.5 

4-19 10.0 6.9 6.7 4.1 

5-3 12.7 7 . 7 9.7 5.2 0 1.4 
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Table B.1. --- Continued 

Males Females 

Testis El2ididymus Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

5-3 11.8 8.4 8.5 5.7 0 2.2 

5-3 13.0 8.0 9.2 5.5 + 6 

5-3 10.2 7.4 8.4 5.6 0 2.4 

5-4 9.2 6.3 5.0 3.9 + 4 

5-6 9.0 6.1 7.2 3.9 

5-6 9.4 6.1 6.2 3.0 

5-7 10.0 7.3 6.5 4.6 

5-7 11.1 7.5 8.9 4.6 

5-8 9.8 7.2 6.1 4.3 o· 2.0 

5-8 7.4 4.6 3.1 1.9 + 5 2.0 

5-8 0 1.5 

5-8 + 4 

5-9 0 1.0 

Gerbi11us hesl2erinus 

1970 

11-13 3.3 1.7 3.3 1.8 0 

11-18 3.5 2.4 2.9 1.3 

11-18 4.5 2.6 

11-18 3.5 2.2 

12-15 0 
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Table B .1. -- Continued 

Males Females 

Testis El2ididymus Uterine 
Horn 

Date Length \hdth Length Width Pregnant Embryos (Width) 

12-15 0 

12-15 + 

12-15 0 

1971 

1-23 0 

1-24 5.5 4.0 0 

1-25 7.5 4.4 0 

1-25 7.2 4.8 

1-27 7.8 5.3 3.4 2.1 

1-27 10.0 6.9 

1-28 9.5 4.2 2.7 0 

1-28 0 

1-28 0 

2-8 0 

2-25 10.0 8.2 6.9 5.4 0 2.8 

2-25 10.8 8.3 5.8 3.9 0 2.9 

2-25 11.3 8.8 7.2 5.4 

2-25 11.6 8.6 6.2 4.5 

2-26 10.6 8.2 8.8 4.9 0 2.2 

2-26 0 2.4 
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Table B .1. -- Continued 

Males Females 

Testis EEididymus Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

2-26 0 

3-16 10.5 7. 7 7.5 5.3 + 6 

3-16 10.8 7.6 7.9 5.4 + 5 

3-16 10.6 7.9 7.5 5.3 + 9 

3-16 10.4 7.5 7.2 5.4 

3-16 10.3 7.7 8.3 6.3 

3-16 10.2 7.3 8.3 5.8 

3-16 10.5 7.7 6.5 4.9 

3-17 11.2 7.4 8.7 4.9 + 6 

3-30 10.8 8.1 6.3 4.7 0 3.2 

3-30 10.2 7 . 7 8.7 5.0 0 2.1 

3-30 10.6 8.0 7.9 4.9 

3-31 10.5 7.4 7.3 5.2 0 2.0 

3-31 11. 4 7.5 8.7 4.8 + 2 

4-1 0 5.1 

4-20 10.3 7.1 6.7 5.2 0 1.2 

4-20 9.8 6.9 7.1 5.1 

4-23 10.8 7.8 7.7 5.7 

4-27 10.0 7.0 6.3 5.0 0 

4-27 0 
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Table B .1. -- Continued 

Males Females 

Testis EQididymus Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

/~- 28 0 1.5 

5-1 0 1.3 

5-20 10.0 7.4 8.7 5.0 0 1.9 

5-20 9.8 7.5 7.4 4.6 + 6 

5-27 7.2 5.1 4.9 3.4 

5-28 11. 6 7.6 8.7 5.3 + 5 

5-28 10.7 8.3 8.0 5.2 0 1.9 

5-28 10.8 7.0 8.3 4.6 + 7 

5-28 4.8 2.6 2.1 1.7 + 5 

5-28 + 6 

5-28 0 0.9 

6-16 10.9 7. 7 5.9 4.8 + 5 

6-16 5.8 3.0 + 6 

6-16 0 1.5 

6-16 + 5 

6-16 0 1.6 

6-25 + 6 

6-25 0 1.8 

6-25 0 2.2 

6-26 0 1.0 
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Table B .l. -- Continued 

Males Females 

Testis E2 idid ymus Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

7-20 9.2 6.4 6.9 4.8 + 4 

7-20 3.6 1.9 0 0.6 

7-20 9.9 6.7 7.2 4.9 0 0.4 

7-20 9.8 6.1 6.2 4.0 

7-20 4.0 2.6 2.2 1.1 

7-20 8.4 5.7 5.2 3.9 

7-20 8.8 6.0 6.9 4.3 

7-28 9.7 7.2 5.2 5.1 0 1.0 

7-28 11.8 7.7 7.0 5.2 0 L4 

7-28 10.1 7.0 6.3 4.6 + 6 

8-20 4.2 2.1 2.3 1.4 0 0.7 

8-20 3.4 2.0 2.0 1.0 0 0.9 

8-20 3.6 2.7 1.8 1.2 0 1.0 

8-24 3.2 2.0 1.7 0.8 0 0.4 

8-24 4.0 2.2 2.3 1.5 0 1.0 

8-24 4.5 2.7 2.4 1.6 0 1.0 

8-25 4.0 2.7 2.5 1.5 0 1.0 

8-26 0 0.5 

9-20 3.7 2.5 1.7 1.3 0 0.7 

9-20 4.3 3.0 2.9 2.2 0 0.5 
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Table B .1. -- Continued 

Males Females 

Testis E:Qididymus Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

9-21 2.6 1.9 0 1.1 

9-21 3.9 2.6 2.3 1.2 0 1.3 

9-21 3.7 2.3 2.3 1.4 0 0.8 

9-21 4.3 2.8 2.5 1.6 0 0.5 

9-21 3.9 2.5 2.4 1.3 0 0.5 

9-21 0 0.9 

9-22 9.0 7.0 5.4 4.0 0 1.1 

9-22 9.2 6.6 4.9 4.5 

9-22 4.5 1.5 2.2 2.0 

10-19 2.7 1.8 1.2 0 1.2 

10-19 0 0.5 

10-20 3.0 2.0 2.0 1.3 0 0.9 

10-20 4.6 2.7 2.6 1.5 0 0.5 

10-20 3.7 1.8 2.1 1.0 0 0.6 

10-20 0 0.8 

10-20 0 0.5 

11-13 4.8 3.0 4.3 2.7 0 0.6 

11-13 4.4 2.5 2.3 1.3 0 0.5 

11-13 0 0.5 

11-14 4.0 2.4 2.8 1.4 0 0.6 
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Table B .l. -- Continued 

Males Females 

Testis E:Qididymus Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

11-14 0 0.6 

11-14 0 1.1 

11-14 0 0.8 

11-15 4.1 2.9 2.9 1.8 0 0.7 

11-15 4.0 2.3 2.7 1.7 0 0.6 

11-15 4.0 2.3 2.9 1.4 0 0.8 

11-15 4.1 2.5 2.4 1.6 0 1.3 

11-15 5.4 2.4 3.4 1.5 0 1.1 

11-15 4.2 1.9 2.4 1.4 

12-5 3.7 2.3 2.1 1.0 0 1.2 

12-5 4.1 2.4 2.2 1.3 0 0.6 

12-5 3.9 2.3 2.4 1.4 

12-6 2.7 2.0 1.9 1.3 0 0.7 

12-6 3.1 2.2 1.9 1.0 0 0.5 

12-6 1.7 0.9 0 0.5 

12-7 4.5 2.9 2.6 1.5 0 1.2 

12-7 4.2 2.1 2.4 1.4 

12-8 4.2 2.3 3.1 1.5 

12-15 6.0 3.0 4.0 2.0 

12-15 4.0 2.5 
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Table B .1. -- Continued 

Males Females 

Testis EQididymus Uterine 
Horn 

Date Length Width Length Hidth Pregnant Embryos (Width) 

1972 

1-11 8.2 4.6 3.5 2.4 0 0.8 

1-11 0 0.8 

1-12 5.8 3.6 3.2 1.5 0 0.6 

1-12 6.2 4.5 3.6 2.3 0 0.7 

1-12 7.5 4.3 4.6 2.4 0 0.6 

1-12 6.7 4.2 3.6 2.0 

1-12 7.4 4.5 3.4 1.8 

1-12 4.5 2.8 2.5 1.5 

1-13 7.3 4.9 3.5 2.6 

1-14 7.5 4.6 4.9 2.4 0 0.6 

1-14 6.3 4.2 3.4 1.7 

1-14 7.7 4.7 4.2 2.6 

2-16 9.4 6.9 5.0 4.8 0 1.0 

2-16 9.8 5.9 4.8 3.3 0 2.0 

2-16 9.0 6.6 5.5 4.2 0 1.1 

2-16 9.9 6.2 5.8 4.1 

2-16 10.2 6.9 5.9 '4.0 

2-16 9.3 6.0 4.3 2.5 

2-17 9.5 6.4 5.5 3.8 
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Table B .1. -- Continued 

Males Females 

Testis EEididymus Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

2-17 9.8 6.9 6.4 3.9 

3-2 9.4 6.6 6.5 3.9 0 0.8 

3-2 10.0 6.3 5.9 3.5 0 0.9 

3-2 10.5 . 6.6 7.8 4.3 0 0.9 

3-2 9.6 5.9 6.0 3.8 0 0.9 

3-2 10.0 7.3 5.8 3.9 0 0.9 

3-2 9.2 6.9 5.4 4.5 0 1.3 

3-21 9.7 7.2 6.8 4.6 0 1.5 

3-21 9.9 6.9 6.8 4.9 0 2.4 

3-21 10.4 7.2 7.0 5.1 0 2.9 

3-21 9.8 7 '\ .~ 7.~ 5.1 0 3.4 

3-21 9.4 6.8 6.8 4.2 

3-21 10.3 6.7 6.3 4.3 

3-21 9.7 7.3 6.8 4.6 

3-21 10.5 6.8 7.0 5.1 

3-21 10.3 6.4 6.4 5.1 

3-22 10.6 7.6 7.5 4.7 

3-22 9.1 6.7 9.1 4.3 

3-22 11.1 7.5 8.5 5.1 

3-22 11.5 7.5 10.4 4.9 
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Table B .1. -- Continued 

Males Females 

Testis E~ididymus Uterine 
Horn 

Date Length \Hdth Length \Hdth Pregnant Embryos (Width) 

3-23 0 2.9 

4-18 10.2 7.4 9.6 4.7 + 7 

4-18 11.7 7.4 8.8 5.8 0 1.9 

4-18 10.3 7.2 7.2 5.0 0 1.7 

4-18 11.6 7.9 8.7 5.2 + 6 

4-18 10.4 7.5 8.2 4.6 

4-19 9.6 7. 7 6.5 5.4 + 6 

4-19 7.8 5.3 + 5 

4-19 10.0 7.3 8.3 5.5 + 6 

4-19 10.5 7.4 6.9 5.3 + 7 

4-19 10.4 7.6 8.2 5.3 

4-19 9.7 7.6 8.4 5.1 

4-20 9.6 7.8 9.0 5.3 

5-3 9.8 7.3 8.0 4.9 + 6 

5-3 10.8 7.6 6.9 5.5 + 8 

5-3 9.4 7.3 7.6 4.8 

5-3 10.2 7 . 7 7.6 5.4 

5-3 10.5 7.4 7.7 5.0 

5-3 10.5 7.4 7. 7 5.0 

5-3 11. 9 7.9 8.4 5.4 
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Table B .1. -- Continued 

Males Females 

Testis El2ididymus Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

5-3 11.2 7.3 7.5 5.1 

5-4 9.7 7.6 8.8 5.3 + 6 

5-4 10.2 7. 7 8.0 5.9 + 6 

5-4 0 3.4 

5-4 + 5 

5-5 10.1 8.4 8.8 4.8 + 8 

5-5 10.5 7.4 7.6 5.3 

5-6 10.9 7.4 9.8 5.2 0 1.0 

5-6 10.2 7.9 8.8 5.9 

5-6 10.2 7.9 7.6 5.5 

5-7 10.0 7 . 7 8.9 5.6 

5-7 10.4 7.9 7.4 5.4 

5-8 11.2 7.6 8.8 5.0 + 8 

5-8 0 2.4 

5-9 10.0 7.9 8.6 5.8 

5-9 10.7 7.4 8.8 5.2 

5-9 9.9 7. 7 7.3 5.5 

5-9 10.9 7.9 7.6 5.4 



III 

Table B-2. Reproductive data from necropsies at Goulimine. 
-- Measurements are in millimeters. For 
females 0 indicates not pregnant; + indicates 
pregnant. 

Hales Females 

Testis EEididymus Uterine 
Horn 

Date Length Hidth Length Hidth Pregnant Embryos (Hidth) 

Gerbi11us camEestris 

1971 

9-26 6.4 4.8 2.8 1.6 

12-12 4.8 2.8 3.2 1.4 

1972 

3-17 10.0 6.5 9.3 3.8 0 0.5 

4-26 10.7 7. 7 9.5 4.8 + 8 

4-26 10.7 7.3 7.9 4.6 

6-7 4.2 2.8 2.7 1.5 + 3 

6-7 11.1 7.5 10.2 5.5 

6-10 10.2 7.3 8.4 4.0 

6-10 4.8 3.1 3.6 1.1 

6-12 11.5 6.8 8.5 4.8 0 0.7 

6-12 5.4 3.7 2.8 1.5 

Gerbi11us nan us 

1971 

3-23 4.3 3.1 2.5 1.3 

5-23 4.2 2.6 2.5 1.8 + 6 

5-23 + 4 
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Table B.2. -- Continued 

Males Females 

Testis E12 idid ymus Uterine 
Horn 

Date Length Width Length Hidth Pregnant Embryos (Width) 

6-24 5.6 3.3 

6-24 4.9 3.1 5.7 3.0 

7-24 + 2 

7-26 5.4 3.0 3.1 1.7 

9-25 4.1 2.5 1.8 0.8 0 0.7 

9-25 3.9 3.0 1.4 1.0 0 1.3 

9-25 0 1.2 

9-25 0 0.9 

9-26 4.5 2.4 2.0 1.3 

9-26 3.5 1.9 2.0 1.3 

10-25 3.4 1.8 1.4 0.8 

10-25 3.5 2.4 1.4 1.1 

10-25 4.8 3.2 3.4 1.4 

10-16 2.6 1.6 1.3 0.6 0 0.9 

11-16 2.4 1.5 1.9 0.5 0 0.6 

11-16 0 0.6 

11-16 0 0.8 

11-16 0 0.8 

11-16 0 0.8 

11-16 0 0.6 
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Table B.2. -- Continued 

Males Females 

Testis EQididymus Uterine 
Horn 

Date Length Hidth Length \.Ji d th Pregnant Embryos (Hidth) 

11-17 2.9 1.9 1.3 0.6 0 0.5 

12-10 2.6 1.5 1.0 0.5 0 1.0 

12-10 2.4 1.3 1.0 0.7 0 1.0 

12-10 3.4 2.3 1.1 0.9 0 1.1 

12-10 3.6 1.1 1.0 0.5 0 0.8 

12-10 1.6 0.9 0.9 0.6 0 0.6 

12-10 0 0.6 

12-10 0 0.9 

12-11 3.5 1.9 1.3 0.8 

12-12 2.8 1.4 1.4 0.4 0 0.5 

12-12 2.6 1.6 1.5 1.2 0 0.5 

12-12 3.9 2.3 2.0 0.8 0 0.9 

12-12 2.2 1.2 1.9 0.6 0 1.0 

12-12 2.1 1.2 1.0 0.8 a 0.5 

12-12 2.1 1.1 1.0 0.4 0 0.7 

12-12 2.8 1.6 1.8 1.0 

1972 

1-19 2.8 2.0 0.8 0.6 0 

1-19 3.5 2.3 1.6 0.9 0 0.9 

1-19 2.3 1.5 0.8 0.5 0 0.8 
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Table B.2. -- Continued 

Males Females 

Testis EQidjdymus Uterine 
Horn 

Date Length Width Length Width Pregnant Embryos (Width) 

1-19 2.0 1.3 0.8 0.6 0 0.6 

1-19 3.4 2.4 2.1 0.8 0 0.9 

1-19 3.5 2.4 0.9 0.7 0 0.5 

1-19 2.8 1.7 0 0.5 

3-17 3.1 2.2 2.3 1.5 0 1.6 

3-17 4.8 2.6 2.2 1.1 0 0.9 

3-17 3.8 2.8 2.3 1.8 0 1.0 

3-17 3.7 2.9 2.6 1.5 0 1.0 

3-17 4.5 3.1 1.9 1.3 0 1.0 

3-17 5.0 3.1 2.6 1.7 0 0.9 

3-17 3.8 2.9 2.4 1.8 0 1.1 

3-19 4.5 2.7 2.5 1.3 0 1.7 

3-19 3.9 2.7 3.7 1.7 

4-25 4.8 3.4 2.3 1.9 

4-25 4.7 3.8 2.4 1.7 

4-25 5.7 3.3 2.3 1.7 

4-26 5.1 3.3 3.0 2.3 + 6 

4-26 0 0.9 

5-19 0 

6-5 2.9 2.2 + 5 
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Table B.2. -- Continued 

Males Females 

Testis El2ididymus Uterine 
Horn 

Date Length \oJi d th Length Width Pregnant Embryos (\oJidth) 

6-5 3.6 2.6 1.4 0.8 0 0.9 

6-5 4.1 3.2 0 1.3 

6-5 4.1 2.8 2.6 1.3 0 0.9 

6-5 3.4 2.6 1.7 0.9 

6-5 4.9 3.3 3.4 2.0 

6-5 3.6 2.6 2.8 1.5 

6-5 4.4 2.8 2.3 1.5 

6-5 3.8 2.2 

6-5 3.6 1.8 2.1 1.0 

6-5 5.2 3.2 

6-5 4.4 2.8 2.3 1.4 

6-6 3.0 2.0 1.5 0.6 0 0.5 

6-6 3.8 2.7 2.5 1.3 

6-6 4.4 2.5 2.8 1.7 

6-7 4.1 2.6 2.3 1.3 0 0.8 

6-7 4.0 2.7 1.6 1.0 

6-7 4.4 2.6 2.7 1.3 

6-8 3.6 2.3 1.9 1.0 0 0.9 

6-10 3.4 2.0 1.6 0.5 0 0.9 

6-10 3.3 1.9 1.4 0.8 
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Table B.2. -- Continued 

Date 

6-12 

6-12 

6-12 

Males Females 

Testis Epididymus Uterine 
Horn 

Length Width Length Width Pregnant Embryos (Width) 

3.5 2.6 2.0 1.4 o 0.5 

4.2 2.7 2.5 1.4 

6.0 3.2 
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Table C .1. Monthly average weights for Gerbillus at 
Essaouria. 

Gerbi11us cameestris Gerbillus heseerinus 
Year Month Males Females Roth N Males Females Both N 

1970 November 27.1 27.6 27.3 45 26.4 25.1 25.8 54 

December 31.6 28.5 30.2 24 28.2 24.9 26.6 33 

1971 January 33.6 27.7 30.9 22 29.3 25.2 27.3 55 

February 34.4 28.6 31.1 40 31.8 26.5 29.6 51 

March 36.5 31. 6 34.3 31 34.5 29.6 32.5 55 

April 32.7 27. 0 29.9 47 34.4 33.4 33.8 46 

May 27.1 29.5 28.4 70 30.4 30.3 30.4 42 

June 27.4 32.5 30.4 96 26.5 30.1 29.0 54 

July 2.4 28.0 25.6 79 24.0 25.3 24.6 85 

August 24.9 22.4 23.6 62 24.1 24.8 24.4 91 

September 27.8 24.7 26.3 38 25.2 25.5 25.3 79 

October 27.4 25.5 26.5 28 25.7 24.5 25.0 61 

November 32.6 26.4 30.2 40 26.4 24.2 25.3 83 

December 37.1 32.1 34.8 33 27.2 25.6 26.6 65 

1972 January 38.7 32.5 35.0 27 29.7 26.3 28.8 78 

February 36.7 32 34.4 9 30.8 25.8 29.6 37 

March 34.1 31. 4 33.0 21 34.3 26.9 32.2 75 

April 33.3 29.5 31.4 32 34.1 32.0 33.4 81 

May 30.0 31. 0 30.4 51 34.6 35.7 35.1 60 
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Table C. 2. Monthly average weights for Gerbillus at 
Goulimine. 

Gerbi11us cam~estris Gerbi11us nanus 
Year Month Males Females Both N Males Females Both N 

1971 March 34.0 28.0 32.0 3 15.7 16.0 15.8 13 

April 33.7 32.0 33.3 4 16.5 21.3 18.6 7 

May 34.5 24.5 29.5 4 14.8 22.3 18.5 8 

June 24.0 30.3 28.8 4 16.8 22.5 19.1 10 

July 26.5 32.0 28.9 7 14.0 16.6 15.6 14 

August 24.0 32.3 27.1 8 14.3 17.3 15.7 13 

September 30.7 30.5 30.6 10 15.2 15.7 15.4 60 

October 24.9 25.0 24.9 13 14.9 15.6 15.2 79 

November 24.2 27.3 24.3 12 14.6 14.4 14.5 60 

December 26.5 24.8 26.0 16 15.1 15.0 15.1 114 

1972 January 28.2 21.7 25.8 16 15.4 14.8 15.1 88 

March 32.0 24.0 28.6 14 16.8 15.3 16.2 141 

April 35.0 30.5 32.8 4 17.3 18.9 18.1 29 

May 35.0 33.5 34.3 4 14.7 17.3 15.6 60 

June 22. I 32.5 26.6 5 14.6 14.8 14.6 56 
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