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REPRODUCTION IN TWO NAMIB DESERT LACERTID
LIZARDS (APOROSAURA ANCHIETAE AND
MEROLES CUNLIROSTRIS)
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Avstract: The reproductive cycles of two narrowly sympatric lacertid lizards from the
Namib Desert of Namibia (South-West Africa) were investigated.  Aporosaura anchictae is
capable of continuous reproductive activity for prolonged periods ( Jan 1976=I°ch 1977 ). Repro-
ductive activity declined sharply in March 1977, but quickly increased in April. Recovery was
completed by June 1977, and reproduction continued into December 1977 when the study was
terminated. Continuous reproduction for more than 1 yr is typical of tropical lizards. but has
not been reported previously for a desert species.  Causes of the Muarel, 1977 reproductive
Slu_h,llt are not totally clear, but appear to be related to decreased rainfall, to lower productivity
of insects, and to lower levels of stored fat. The average clutch of 85 females was 1.3 cggs
(vange 1-2), and 2-4 4 clutches are produced yearly.

Meroles cuneirostris has a reproductive cycle typical of temperate zone species, with spermio-

genesis occurring May=February (spring—suniner), followed by autummnal reg

Oviducal eggs were found over a 5omo perioc
Clutch size of 29 females d\vr.u,nd 2.9 cggs (range

and then recrudescence (April).

clutches cach year.

Both_spec
cularge in autaimn and
species differ consideral

ly.

Key words:

Rerrobucrivie patterns of North Ameri-
can lizards have become increasingly better
known in recent years, but in other areas of
the world this information is very limited.
The coastal Namib Desert of southwestern
Africa is such a region, and studies of the
reproductive ‘cycles of any of the approxi-
mately 50 species of lizards in this fauna are

_{(March)
(Sep-Mar).
and females can produce two

1-1),

des have seasonal fat cycles typical of temperate zone lizards, in which fat hodies
by spring, but the relative amounts of fat stoved by cach
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MATERIALS AND METHODS

Our study sites lie approximately in the
central portion of the Namib Desert and on
the Tropic of Capricorn. At Gobabeb, the
mean ambient winter temperature is 18.5°C,
and it seldom goes below 10°C. Summer air
temperatures average 22.8"C, and very few
days are above 40°C. Over three-fourths

lacking. The Namib is a cool, coastal desert (77%) of the annual rainfall (2 = 16.8 mm)
;‘:;a; lS '}“'ll(:' s“i)(;;%l;w"\] climate (Logun, oceurs during the summer (Dec-Apr), but
960; Schultze, 1¢ .

In a preliminary analysis of the reproduc-
tion of Aporosaura anchietae, Louw und
Holin (1972) examined the gonads from 37
individuals and concluded that reproduc-
tion probably is aseasonal. The reproduc-
tive patteru of Meroles cuneirostris was pre-
viously unknown. Here we describe the
reproductive cycles of these two related
species and discuss some environmental fac-
tors that may control the ditferences noted
in their reproductive patterns.

years with less than 15 mm of rainfall arce
not uncommon (Secly and Stuart, 1976).
All A. anchietae were collected in the sand
dunes within 8-10 km of Gobabeb, 410 m
elevation, Namib Desert, Namibia (23 33’S,
15°05’E). This sand-diving lizard is re-
stricted to the vegetationless slopes of sand
dunes from approximately 15-27"S latitude
(Louw and Holin, 1972). Except for IFeb-
ruary 1976, monthly samples were collected
from January 1976-December 1977, Adult
males averaged larger (45 g, 49 mm in
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TaBLE l—Scasonal distribution of stages in testicu-
lur ¢ycle of Aporosaura anchictac, January 1976--

(No sample wis 'collected in
February 1976.)

December 1977.

Spenio- Ke- Recru-

genesis Regressing gressed  descence
Month n (%) (%) (5e) ()]
] o e e iy i
Jan 9 100 0 0 0
Mar 12 100 0 0 0
Apr 11 100 0 0 0
May 11 100 - 0 0 0
Jun 12 100 0 0 0
Jul 10 100 0 0 0
Aug 12 100 0 0 0
Sep 12 100 0 0 0
Ot 9 100 0 0 [§)
Nov 13 100 0 0 0
Dec 10 100 0 0 0
Jan 9 100 0 0 0
Feb 10 90 0 10 0
Mar 9 67 0 33 0
Apr 9 78 0 0 22
Mav 14 86 0 0 11
Jun 10 100 0 0 0
Jul 14 100 0 0 0
Aug 11 100 0 0 0
Sep 9 100 0 0 0
Gt 12 100 0 0 0
Nov 10 100 0 0 0

Dee 12 o 0 0 0

snout—vent length [= SVL]) than females
(3.1 ¢, 44 mm SVL). )

All M. cuneirostris were collected in the
broad deltaic portion of the Kuiseb River,
5-10 kimn NW Rooibank (23'9°S, 14" 35'L),
elevation 100 m. This species lives mainly
in flat, sanay, and perennially vegetated
interdunc valleys or in open plains adjacent
to the sand dune regions. Except for July
1976, monthly samples were collected Feb-
ruary 1976-January 1977. Adult males av-
craged larger (8.1 g, 54 mm SVIL.) than
females (4.7 ¢, 49 mm SVL).

Lizards were preserved in 10% formalde-
hyde, and genads were embedded in paraf-
tin. Ilistological sections were cut at 8§ um
and stained with iron hematoxylin followed
by cosin counterstain.  Gonads from 250
male and 20 female A. anchictac and 97
male and 34 female M. cuneirostris were
sectioned.  Fat bodies were removed from
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preserved: specimens and weighed to the
nearest 0.1 mg. Age at sexual maturity was
estimated from animals used in mark-recap-
ture studies and verified from lizards sub-
jected to autopsy. Voucher specimens of
both-species were deposited in the herpeto-
logical collection of the Los Angeles County
Muscum of Nataral History (M. cuneiros-
tris, Nos. 128624-128951; A. anchictac, Nos.
128952-129593 ).

Rusuis
Aporosaura anchietae

Male cycle—This species exhibited con-
tinuous spermiogenesis from January 1976
through January 1977 (Table 1), and the
epididymides contained sperm throughout
this period. Testicular regression oceurred
in 10% of the males in February 1977 and
in 339 of the males in NMarch ol that vear
(Table 1). As Licht and Gorman (1970
reported for several species of Anolis, sper-
miogenesis was in progress i some males
even though testes had decreased i size.
Recovery was rapid (Table 1), and the
pereentage of spermiovenic males inereased
in April (78%) and May (S6%). From June
through December 1977, all males exannined
were  undergoing  spermiogencsis. Most
males reach sexual maturity at 40-12 mun in
SVL when they are 6-T mo of age (M. D).
Robinson, unpublished). :

Female cyele~—From  January 1976 (o
February 1977, varying proportions of the
temale population were reproductively ac-
tive (vitellogenie follicles to oviducal cggs)
(Table 2). In March 1977 no reproductive
activity was observed in the 16 females ex-
amined. Yolk deposition had started again
in April as 2 of the S females contained tol-
licles in carly vitellogenesis (Table 2). 1Yol
licles larger than 3 mim were present in two
females in May, and females with oviducal
eges were collected in July. Portions ol
the population were reproductively active
through December 1977 when the study was
terminated.

The mean number of cogs or enlarged
follicles (> 3 mum) in S5 females was 1.3
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is one of the lowest
non-gekkonid lizards
(Tinkle et al., 1970). The largest reproduc-
tively active female measured 47 mm in
SVL, and the smallest was 37 mm in SVL.
There is no significant correlation between
female body size and number of eggs pro-
duced (r=.12,d.f. =83, > .1). Oviducal
clutches from 25 gravid females averaged
13.82% of total body weight of the temale
parent. Females become mature at approxi-
mately 4-6 mo in,age (M. D. Robinson, un-
published), and according to Tinkle’s (1969)
classification they are carly-maturing.  As
might be expected in an aseasonal repro-
ductive cycle, varying pereentages of fe-
males were reproductively active (Table 2)
each month. This contrasts with the syn-
chronous pattern of ovarian development
in several temperate zone lizards from North
America (Goldberg, 1975) where more than
90% of the females in the population initi-
ate yolk deposition and ovulate at approxi-
mately the same time.

Advanced yolk deposition (follicles > 3
mm) occurred at the same time that ovi-
ducal eggs were present; therefore, it is
clear that females may produce more than
one clutch per year. Weight records and
palpation of cight marked females indicate
that the number of clutches produced per
female cach vear varied from 2-4 (M. D.
Robinson, unpublished).  Aporosaura an-
chictae hatchlings averaged 26-28 mm in
SVTI. at birth and were observed each month
from Januwary 1976-December 1977, with
most appearing November-February. This
observation indicates that a scasonal breed-
ing peak occurs within this aseasonal repro-
ductive pattern and that most egg laying
probably takes place from June to Septem-
ber. ‘

The ovarian cycle of A. anchictae is simi-
lar to the eyvele of Anolis carolinensis, which
produces single eggs over a prolonged pe-
riod but not during autumn or winter (Ham-
lett, 1952). Licht and Gorman (1970).
Andrews and Rand (1974), and Somma and
Brooks (1976) described a similar pattern
in other Anolis lizards. In contrast, A. an-

(range 1-2), which
values reported for

TaBLE 2.—Percentages of | reproductively  active

fermale Aporosaura anchictae (vitellogenic to ovi-

ducal eggs), January 1976-December 1977, (No
sample was collected in February 1976.)

Reproductively

Month n active (%)
Jan 13 8
Mar 13 92
Apr 19 11
May 8 G3
Jun 7 100
Jul 7 100
Aug 9 78
Sep 10 90
Oct 12 83
Nov 1 50
Dec 10 70
Jan I 50
I'eh 13 16
Mar 16 0
Apr 8 25
May 5 40
Jun n 11
Jul 10 70
Aug 5 GO
Sep 10 GO
Oct 13 31
Nov 12 15
15 67

Dec

chictae produced oviducal eggs or follicles
with heavy yolk deposition throughout the
year and differed from Anolis in that some
females had clutehes of two eggs (1 in cach
oviduct which developed at approximately
the same rate).

In 1976 and 1977 fat hodies in hoth sexes
increased rapidly in size beginning in April
(Table 3). In 1977 fat levels began to
decrease earlier (June) than in the previous
year, and remained low during winter (Jun-
Aug) at a time when 1976 fat bodies were
greatly enlarged.

Meroles cuncirostris

Male cycle~—~The testicular cycle of M.
cuneirostris was seasonal ( Table 4) with the
period of spermiogenesis lasting from May
through February and epididymides con-
taining  sperm throughout  these months.
Testicular  regression  commenced  during
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TasLe 3.—Percentages of Aporosaura anchietae with enlarged fat bodies (> 75 1mg) and mean weights
g - g g

of tat bodies (mg) from January 1976-December 1977,

Females
i with Fat-body
enlarged wt.

Month n fat bodies (£ SE)
Jan 13 0 0.0
Mar 13 0 26+ 24
Apr 19 33.0 65.7 = 20.3
May 8 75.0 154.1 = 35.4
Jun 7 85.7 213.2 £ 629
Jul 7 85.7 215.7 =447
Aug 9 88.8 208.6 = 32.5
Sep 10 40.0 78.9 = 20.9
Oct 12 33.0 72.0 + 18.1
Nov 14 14.2 238+ 9.d
Dec 10 0 16.1 = 53
Jan 14 0 1.6+ 1.1
Feb 13 0 252+ 7.6
Mar 16 0 13+ 3.1
Apr 8 87.5 145.7 £ 209
May 5 80.0 164.6 + 11.2
Jun 7 28.5 412 225
Jul 10 40.0 74.6 = 26.5
Aug 5 40.0 52.4 +22.1
Sep 10 10.0 369+ 89
Oct 13 0 21.0 £ 39
Noy 12 0 7H+ 206

15 23.0 + 5.2

Dec

March, and recrudescence (renewal) was

% with

females  contaimed

oviducal

(No sample was collected in February 1976.)

Males

IFat-body

enlarged wt.

n fat bodies (X .t SE)
18 0 0.0
23 0 2.4+ 1.5
15 60.0 103.8 + 252
15 80.0 281.4 =722
27 88.0 268.5 + 31.7
12 100.0 466.9 % 67.5
12 100.0 200.9 # 27.2
11 75.0 154.7 = 29.9
14 6G14.2 155.0 = 35.6
13 do.1 152.9 + 56.6
11 18.2 340 2 134
10 0 9.5 + 1L
11 23.2 18.0 + 247
10 10.0 347 £ 13.6

9 100.0 2111 4279
Lt 57.1 L15.6 -+ 291
11 5.1 87.0 + 252
16 165.7 53.1 + 9.9
11 515 935 + 12.6

9 29.9, 51.3 + 18.3
12 0 268 + 5.9
10 0 119 + 5.7
12 0 200 £ 13

CEOs Over a

initiated during April and completed in
June. Males mature at approximately 45-47
mm in SVIL.

i‘emale cycle—As shown in Table 5,

TasLE 4.—Seasonal distribution of stages in testicu-
lar cycle of Meroles cuneirostris, February 1976
January 1977. (No sample was collected in July.)

Spermio- Re- Reern-
genesis gressing gressed descence
Month n (%) (%) (%) (%)
Feb 9 100 0 0 0
Mar 9 22 22 56 0
Apr 9 0 - 0 0 100
May 9 78 0 0 22
Jun 9 89 0 0 11
Aug 9 100 0 0 0
Sep 9 100 0 0 0
Oct 8 100 0 0 0
Nov 10 100 0 , 0 0
Dece U 100 0 0 0
Jan T 100 0 0 0

5-mo period (Sep-Mar) which corresponds
to the length of time that «w varicty of North
American temperate species are ovigerous

(Goldberg, 1973). Yolk deposition began

TanLe 5.—Percentages of reproductively  active

(vitellogenic to oviducal cggs)  female Meroles

cuneirostris, February  1976=Jannary 1977 (No
sample was collected in July.)

Reproductively

Month n active (“0)
Feb 13 16
Mar b 40
Apr 12 0
May 7 0
Jun ! 0
Aung 5 60
Sep 6 33
Oct 11 73
Nov 8 88
Dec 10 50
Jan 50

10
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TasLE 6.—Percentages of Meroles cuneirostris with enlarged fat bodies (> 75 mg) and mean weights of

fat bodies (mg) from February 1976-January 1977 . (No sample was collected in July.)

Females Males

Yo with Fat-hody “iowith Iat-haody

cenlarged wit. enlarged wt.
Month n fut bodies (x = SE) n fat bodies (x.LSE)
Fel: 13 0o 50 27 15 6.6 1.6 = 6.1
Mar 5 ‘0 0.0 9 0 6.6 = 1.0
Apr 12 16.6 50.0 = 82 12 25.0 55.5 = 13,
May 7 42.8 126.0 = 295 13 16.1 83.6 + 19.7
Jun 4 50.0 119.0 = 119.0 7 714 88.1 + 18.9
Aug 5 100.0 141.6 = 13.6 10 10.0 220+ 0.7
Sep 6 0 33.1 = 105 9 0 5.6+ 27
Oct 11 22.2 45.6 + 144 10 0 Ikl &= -9
Nov 8 0 65.0 = 3.t 12 0 5.1+ 11
Dec 10 0 104 = 6.1 9 111 31.3 = 9.6
Jan 10 0 16.2 = B! 7 + 175

14.2

during August and was evident in 3 of 8
females examined from this month. Includ-
ing oviducal eggs and/or follicles greater
than 4 mm in diameter, we calculated an
average of 2.9 egus (range 1-4) per clutch
for a sample of 29 females. In contrast to
A. anchictae, there is a positive correlation
(r=.50,df. =27, P <.01) between female
SVL and clutch size; this relationship is ex-
pressed by the regression equation Y = -3.57
+0.1325X  Clutches from nine females with
oviducal cggs averaged 13.65% of total body
weight of the female parent. The smallest
reproductively active female measured 43
mm in SV, the largest 55 mm. Females
were reproductively inactive (no yolk de-
position) from April to Junc (no sample
was collected in July). On the basis of a
regressing corpus luteum and early yolk
deposition for a subsequent clutch in a
specimen from January, it appears that
females have the potential for producing
two clutches each year. Hatchlings aver-
aged 27-28 mm in SVL at birth and were
observed in February, March, and May
1976 and in January and March 1977.
Both sexes have a seasonal fat cvcle simi-
lar to A. anchietae in which fat bodies were
enlarged from April through August and
then declined in size in September-January
(Table 6). Towever, on an absolute basis,
the 1976 levels of maximum fat buildup
(Apr-Aug) in female and male M. cunei-

)
(

rostris averaged 1.4 and 4.4 times less than
in A. anchietae (Tables 3. 6).

DiscussioN

It was unexpected to find that two re-
lated and narrowly sympatric species living
in the same subtropical macroclimate would
have such contrasting “tropical™ (A an-
chictae) and “temperate”™ (M. cuncirostris)
reproductive eyeles. Ascasonal reproduoe-
tive patterns are common in tropical lizards
('Tinkle, 1969), but have not been observed
previously in desert species. Prey differ-
ences between these two lizards may par-
tially explain these contrasting reproductive
cveles. At Gobabeb, Al anchictae is omniv-
orous, feeding on arthropods and windblown
sceds of Trianthema heicroensis and Sti-
pagrostis sp;'\\’hcn inscct abundances are
low, secds form the bulk of the diet, and
during most of the year more females (20~
30%) eat seeds than do males (Robinson
and Cunningham, 1978). Possibly the pe-
rennial availability of seeds allows A. an-
chietae to obtain enough energy for year-
round egg production. Meroles cuncirostris
is an insectivore that is also active all year.
In its habitat there is some insect food avail-
able all year, hut the relative abundances
appear to vary seasonally (M. D. Robinson,
unpublished). Thercfore, there may he pe-



T P

riods when insect food is insulficient to
support a continuous breeding cycle.

Temporal patterns of food availability
ultimately determine cycles of lipid storage
and utilization in lizards; when food is
ascasonal there is no need to store fat, hut
when prey are scasonal in occurrence lipids
are garnered for future use  (Derickson,
1976). IFollowing the extraordinary rainfall
(121 mm) in 1976, the predominant food
eaten by A. enchietae included seeds, Cole-
optera representing 4 families, plus insects
from 6 other orders. Eight invertebrate
orders provided 85% of the food taken by
M. cuneirostris. Rainfall the nest year was
12.S mm, slightly below normal (16.8 mm),
and A. anchietae ate only representatives of
two families of beetles, pentatomid bugs,
and secds (M. D. Robinson, unpublished).
Unfortunatelv, no M. cuneirostris were col-
lected in 1977. These rainfall-associated
changes in prey diversity and abundance
are reflected in the lesser quantities of fat
stored by A. anchietae in the drier vear
(Table 3), and this may have caused the
decline in reproduction in March 1977 (Ta-
bles 1, 2).

There are also distinet differences in the
amount of fat stored by these lizards. In
1976, when prey abundances were excep-
tionally high, female M. cuneirostris, whose
average body weight is 44% more than in
A. anchictae, stored approximately 28% less
weight in their abdominal fat bodies during
peak periods of fat storage (Tables 3, 6).
In addition to the usual saurian abdominal
fat bodies, A. anchietae stores lipids m large
subeutaneous fat depots in the pectoral
region, which are lacking in M. cuneiros-
tris and have not previously been deseribed
in lizards. Whether this results from differ-
ences in prey abundance in the two habitats
or from different cfficiencies in lipid con-
version by the two lizards is not known.

The role of fat bodies in regulation of the
ovarian cycle in other lizards with extended
reproduction is not clear. No fat bodies
were present in the Javanese house geckos
Cosymbotus platyurus, Hemidactylus fre-
natus, and Peropus mutilatus, which arce
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ascasonal breeders (Chureh, 1962). Simi-
larly, there was no cyvele in weight of fat
bodies in Anolis trinitatus which also re-

“produces year-round (Licht and Gorman,

1970).

Both of these Namib lacertids mobilize
and deplete lipids in a manner typical of
temperate lizards (sce Derickson, 1976),
but only M. cuneirostris exhibits a temper-
ate reproductive eycle. Some portion of the
population of A. anchictae is reproductively
active at all times (Tables 1, 2) but the
majority of egg production is observed in
late winter, carly spring. and summer, with
hatchling densities greatest in Tate sumi-
mer (M. D. Robinson, unpublished). There-
fore, it is probably more correct to consider
the A. anchietae veproductive cycle as being
a modified temperate one.

Of the two species, A. anchietac appears
to be better adapted to sequester unusually
large quantities of reproductive encergy by
capitalizing on abundances of ephemeral
prey and by exploiting a perennial graniv-
orous food resource, especially when inver-
tebrates hecome scarce. This stored eneray
is then gradually allocated to produce a
few cges over an extended period of time,
Seasonal reproductive inactivity in M. cu-
neirosiris is apparently regulated by predict-
able periods of low food, which are charac-
These
examples suggest that in this desert environ-
ment nutritional {actors mav be primary

teristic of temperate  ccosystems.

regulators of reproductive patterns, and
that physical variables sach as photoperiod
and temperature are secondary.
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