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On the application of stomach-
flushing to Namib Desert lizards

by Robert D. Pietruszka
Desert Eeological Research Unit
P.O. Box 1592, Swakopmund, 9000

ABSTRACT

A stomach-flushing technique used on North American turtles, liz-
ards and anurans is examined with respect to seven species of Namib
Desert lizards and is evaluated in detail for several of these. The
procedure reliably provides stomach contents for subsequent analy-
sis. Variation in body size can influence its effectiveness in some
species, although the influence is minimal. Mortality from the
procedure is low (2.5%, overall). o
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I INTRODUCTION

Dietary investigations of reptiles generally involve the
collection and sacrifice of individuals within a popu-
lation. This practice provides information on the
population diet and, perhaps, inter-individual varia-
tion, but precludes information on within-individual
variability since cach lizard can yield only one datum
point. Such dietary studies are incompatible with
demographic studies of the same populations. In cases
where both dietary and demographic data are re-
quired, faecal analyses may be possible for some spe-
cies (c.g., Agama agama, Harris 1964), however, the
general approach has been to collect individuals for
dietary data from arcas ncarby the principal study
area (e.g., Dunham 1983). This approach requires as-
sumptions about both the similarity of the food base
between areas and about individual feeding habits in
those areas. In extremely patchy habitats these as-
sumptions may not be valid, thus limiting the useful-
ness of dietary data. Nonetheless, even this approach
may not be suitable for studies of rare or endangered
species (e.g., Powell & Russell 1984).

Stomach-flushing has been described as a feasible
method of obtaining diet samples from turtles, lizards
and anurans (Legler 1977, Legler & Sullivan 1979). It
has been evaluated for several North American lizard
species with respect to the acquisition of diet samples,
the accuracy with which the effectiveness of an in-
dividual flushing event can be assessed, and post-
flushing survival (Pietruszka 1981). This analysis
demonstrated the general efficacy of the technique but
also indicated that inherent species differences could
significantly influence its effectiveness. The present
study was undertaken, therefore, to assess the suitabili-
ty of stomach—flushing for dietary aralysis of Namib
Desert lizards. '
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2 MATERIALS AND METHODS

Between 8 November 1984 and 22 August 1985 120 liz-
ards of seven species (Aporosaura anchietae, An-
golosaurus skoogi, Mabuya capensis, Meroles cuneiros-
tris, M. suborbitalis, Pachydactylus laevigatus, Rhop-
tropus afer) were captured and subjected to
stomach-flushing either at Gobabeb, Namibia, or at a
study site on the Unjab River in the northern Namib
Desert. Results from each flush were coded numerical-
ly as either “complete”, “incomplete” or “stomach
empty”. Stomach contents were labelled and preserved
in 70% ethanol. Any harmful effects due to stomach-
flushing were noted. Lizards were then maintained in-
dividually in cloth bags for 12-24 h to check for latent
effects. Eighty-one lizards were subsequently autop-
sied; each stomach was examined and assigned a sub-
jective numerical classification as to its degree of full-
ness (empty, partially full, <1/2; full; distended,
Pietruszka 1981). Effectiveness of stomach-flushing
was analysed statistically using the methods of Neter
& Wasserman (1974) and Sokal & Rohlf (1981).

2.1 Stomach-flushing Procedure

The method used in this study is similar to that
described by~ Legler (1977) and Legler & Sullivan
(1979). However, it differs in several details that result
in less trauma to individual lizards and so it will be
described fully here. The principle behind stomach-
flushing is that, given a stream of water of appropriate
intensity, a food bolus located in the stomach can be
dislodged by displacement and forced out through the
esophagus and mouth without damage to the lizard.
The apparatus used in the procedure consists of a
syringe to which is attached a two-way valve and fill-
ing tube, allowing for continuous filling from a small
container of water, and a stomach cannula. Legler &
Sullivan (1979) describe an inexpensive apparatus us-
ing disposable plastic syringes. However, the two-way
valve mentioned by these authors has become exces-
sively expensive (price ca. $36.00(US) in August 1984).
An excellent alicrnative which is locally available is the
Vetmatic Continuous Syringe (S ml barrel) which cur-
rently sells for under R30.00. The stomach cannula
used in this study consisted of ca. 75 mm of catheter
tubing (1.7 mm O.D.) attached to a shortened 18-gauge
syringe needle. Although Legler & Sullivan (1979) used
a variety of cannula sizes in their application, I have
found this unnecessary for lizards ranging from 1.0 g
body weight to lizards in excess of 120 g.

During flushing, the lizard is held in one hand and its
mouth is gently opened by inserting a small plastic rul-
er between the jaws and applying steady downward
pressure to the lower mandible. Once open, the mouth
is held in that position by placing a small rubber stop-
per (in this study a 3-7 mm diameter cylindrical pencil
eraser) at the angle of the jaw so as not to block the
opening to the esophagus. This is held in place by
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pressure applied to the jaws with the thumb and fore-
finger (Plate la). The remaining three fingers are used
to support the lizard’s body and palpate the stomach.
The stomach cannula is then moistened with water
and inserted into the stomach through the esophagus
(Plate 1b). During insertion a small amount of water
may be injected into the stomach for lubrication but
this is often unnecessary. With slightly built species
the cannula can be felt (by palpation) as it is inserted
into the stomach. This, coupled with an increased
resistance once the stomach has been entered, serves to
indicate that the cannula is in place. Subsequently, a
stream of water is injected into the stomach. At the
same time the cannula is momentarily withdrawn
about S mm to reduce the likelihood of forcing water
past the pyloris. This sequence is continued until the
food bolus passes through the esophagus and out of
the mouth (Plate 1c). The bolus is caught in a square
of cotton gauze held by a metal sieve. A complete
flush can be assessed by palpation of the stomach and
by the emergence of a small amount of mostly digest-
ed material after retrieval of the main bolus. Although
it may be fragmented, in many cases the bolus is
retrieved intact, covered by a mucous film, and ends in
a mass of digested material. Diet samples obtained in
this way are then labelled and stored for later analysis.

The above procedure differs considerably from that of
Legler & Sullivan (1979) in that their method requires
propping the mouth open through the use of plastic
rings that must be removed once the bolus reaches the
mouth. The food is then removed with forceps and the
cannula reinserted as many times as necessary to
recover the stomach contents. The necessity for con-
tinued reinsertion of the cannula during flushing in-

. creases the likelihood of passing it through the pyloric

sphincter and injecting water into the intestine with
death usually following (Legler & Sullivan 1979,
Pictruszka 1981). With a rubber stopper properly in
place there is very often no need of using forceps at all
to remove stomach contents; forceps were generally .
only used to remove large food items from the mouth
when it was felt that further increases in water pressure
would injure the lizard.

3 RESULTS

To adequately assess the usefuiness of this technique
requires information on (1) post-flushing survival, (2)
how efficiently stomach contents may be obtained
from particular species, and (3) the accuracy with
which an investigator can assess the effectiveness of a
specific flushing event (Pietruszka 1981). Since lizards
are flushed independently of one another, each out-
come can be classified as either successtul or unsuc-
cessful relative to several categories of possible
stomach-flushing results. Data of this type were used
to calculate, in all species with sufficient sample sizes,
binomial estimates of success (Hollander & Wolfe
1973) for several cafegories of stomach-flushing
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results: the probabilities of 1) obtaining the entire
stomach contents from non-empty stomachs, 2) ob-
taining all or most of the stomach contents from non-
empty stomachs, 3) obtaining at least some of the con-
tents from non-empty stomachs, 4) accurately assess-
ing an individual stomach-flushing event (i.c., com-
plete, entire contents obtained; incomplete, but most
of the contents obtained; stomach empty) and 5) sur-
vival after flushing.

As with a study of North American lizards (Pietruszka
1981), the present analysis indicates that the overall ef-
fectiveness of stomach-flushing is quite good (Table
1). One nearly always covers something from non-
empty stomachs and there is a high probability of ob-
taining all or most of the stomach contents. Also as in
North American lizards, the effectiveness of particular
[lushing events can be assessed (by palpation and the
visual characteristics of the food bolus) with a high
degree of accuracy. Finally, the survival of lizard spe-
cies exposed to flushing is high (97.5% overall).

In contrast with the earlier study of North American
lizards, there was no statistically significant heter-
ogeneity among those lizard species for which 1 had
adequate sample sizes (A. anchietae, M. cuneirostris,
R. afer) for any category of stomach-flushing results
(G-tests, P>0.5, all categories). This may be because
none of the species for which I have adequate sample
sizes appears to exhibit food gorging as does
Cnemidophorus tigris in the Great Basin Desert of the
United States. In that species gorging significantly lo-
wered the effectiveness of stomach-flushing (Pietrusz-
ka 1981).

3.1 Influence of body size

An inverse relationship between stomach-flushing suc-
cess and body size has been suggested for turtles (Le-

gler 1977). The presence of a similar relatjonship was
demonstrated among several species of North Ameri-
can lizards (Pietruszka 1981); however, this had only a
minor effect on the overall effectiveness of the tech-
nique for these species and was, in fact, produced by
attributes inherent to one of the species used in the
analysis. In the present study, the body sizes (snout-
vent length, SVL) of lizards stomach-flushed, ranged -
from 32.7 mm (Aporosaura) to 155.0 mm (Angolosau-
rus). For three species there were sufficient sample
sizes over a range of body sizes to examine whether
body size might influence individual results. Linear
regressions of success on lizard body size (using indi-
cator variables, Neter & Wasserman 1974) were used to
determine whether variation in size altered stomach-
flushing cffectiveness. In Aporosaura (SVI. range:
32.7-49.9 mm) these analyses revcaied no significant
relationships between body size and any category of
stomach-flushing result, although for category 1 (all
contents obtained) the trend towards increased effec-
tiveness at larger body sizes was suggestive (n=19,
r=0.3084, 0.05<P<0.10).

For Meroles cuneirostris (SVL range: 34.5-58.0 mm)
significant positive relationships were apparent be-
tween body size and three categories of stomach-
flushing results: (1) category 1, all contents obtained
(n=28, r=0.5407, P<0.005), (2) category 2, all or most
contents obtained (n=28, r=0.6182, P<0.001), and (3)
assessment accuracy (n=28, r=0.6228, P<0.001). In
the first case 29.24% of the variation in stomach-
flushing results could be explained by differences in
body size; in the latter two cases 38.22% of the varia-
tion in results was thus explained. Thus for M.
cuneirostris one obtains more of the stomach contents
and can more reliably assess them with lizards of large
size.

The sample of Rhotropus afer comprised a narrow
range of body sizes (43.3-53.5 mm SVL). Nonetheless,

TABLE 1: Probabilities (p + SD) of stomach-flushing success.? Sample sizes for the total number of lizards flushed/autopsied in
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Species . Observer
Stomach contents obtained .
assessment Survival
all all/most some accuracy
Aporcosaura anchietae (31/28) 789 + .10* 789+ .10* 789 +.10* 786 + .08 936+ .04
Meroles cuneirostris (33/28) 929+ .05 .929 + .05 1.000 933+ .07 1.000
Pachydact_\"/us laevigatus (5/1) 1.000 1.000 1.000 1.000 1.000
Rhoptropus afer (37/15) .867 + .09 867+ .09 933+ .07 800+ .11 973 +.03
Meroles suborbitalis (2/0) - . - 1.000
Mabuya capensis (2/0) 1.000
Angolosaurus skoogi (10/9) 667 + .33* 667 +-.33% 1.000%. 778 + .15 1.000
Overall (118/81) 864 + .04* 879+ .04* 1942 4+ .03* 852+ .04 975 +.01
1 - p = B/n, where B = number of successful trials, n = sample size; SD = [p(I ~ p)/n - 1] .5

*

overall — 66.

&

Calculations are based on smaller sample sizes due the presence of lizards with empty stomachs: A. ahchietae - 19; A. skoogi — 3:



several patterns of potential body size effects were ap-
parent. First, a marginally significant negative rela-
tionship was evident between body size and post-
flushing survival (n=37, r=-0.2753, P=0.048).
Although this suggests greater mortality. from
stomach-flushing with larger lizards, it must be noted

that only 1 of 37 Rhoptropus died as a result of the

procedure. Thus, this statistical result may be biologi-
cally trivial. There was also a suggestive trend between
body size and the likelihood of obtaining all or most
ol the stomach contents from non-empty stomachs
(category ). Here also the relationship was negative
but  was nonsignificant (n=15, r=-0.3506,
0.05<P<0.10). In this case body size can explain only
about 12.3% of the variation in stomach-flushing
SUCCESS.

Looking at the general relationship between body size
and stomach-flushing success across species, only one

category of results showed any relation to lizard body -

size. There was a highly significant positive trend be-
tween body size and the likelihood of obtaining at
lcast some of the contents of non-empty stomachs
(category 3: n=66, r=0.2988, P<0.01). However, this
explains only 8.93% of the variation in stomach-flush
results. In general, body size appears to have little in-
tluence on the acquisition of diet samples, although it
may be more important for some species than for
others.

3.2 Weight gain from stomach-flushing

Previous studies have indicated a slight weight gain in
lizards subjected to stomach-flushing as a result of
water retention in the gut (Legler & Sullivan 1979;
Pictruszka 1981). On average all species in the present
study showed a positive weight gain as a result of the
stomach-flushing procedure, although this amounted
to only a small percentage of pre-flushing body weight
(lable 2). In Aporosaura the average weight gain due
to water retention from stomach-flushing (Table 2)
was considerably less than the 10.8% average increase
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observed by Louw & Holm (1972) under conditions of
voluntary water consumption after prolonged de-
hydration. This suggests that for some Namib species,
at least, the amount of water introduced into the
digestive tract during flushing may be ‘well within
physiological tolerance limits. The degree to which
water is retained in a lizard’s gut (with a resultant
weight gain) appears to depend on the size of the food
bolus and the case with which it is dislodged during
flushing. When food was retrieved in a well consoli-
dated bolus it was often obtained easily-and with little
weight gain by the lizard (and in some cases a weight
loss). On the other hand, when the bolus was frag-
mented, there was always an increase in weight after
flushing. Lizards with empty stomachs at the time of
flushing tended to have the largest increases in body
weight although this was not always the case.

3.3 Mortality

In the present study, the vast majority of lizards
stomach-flushed recovered from the procedure almost
immediately. Only three of the 120 lizards subjected to
stomach-flushing died as a direct result of the proce-
dure, corresponding to an overall mortality of 2.5%.
Among the species to which the procedure was ap-
plied, only those that subjectively appeared to be the
most delicate suffered any mortality: Aporosaura,
6.4%0; Rhoptropus, 2.7%. In the cases where death did
occur, signs of severe distress similar to those noted tor
North American lizards (Pietruszka 1981: gasping,
loss of righting response) were apparent within several
minutes after flushing. In all cases mortality was the
result of forcing the water stream past the pyloris and
filling the intestine with water, which resulted in an
immediate and irreversible inflation of the body and
subsequent death. Death from stomach-flushing can
also result from rupture of the stomach or esophageal
wall, although this is realized principally in species
with a gorging type feeding behaviour (Pietruszka
1981).

IABLE 2: Weight gain (g) as a result of stomach-flushing. Values are averages; SD in ().

) weight weight Percent
npeeiey N before after change
Aporosaura anchietae 27 2.5 (1.0) 2.6 (1.0) +5.03 (4.71)
Meroles cuneirostris 33 4.8 (1.5) 4.9 (1.5) +2.69 (4.47)
Puchvductylus laevigatus 2 15.4 (4.0) 16.3 (4.2) t 5.51 (0.06)
Rhoptropus afer .36 3.5 (0.6) 3.7 (0.4) t 817 (12.76)
Meroles suborbitalis 2 6.5 (1.9) 7.1 (2.9) + 6.66 (6.69)
Mubuya capensis 2 3.5 (0.1) 3.6 (0.1) +4.32 (1.96)
xing(}losauru.&‘ skoogi ) . 10 44.5 (28.2) 47.9 (30.5) 1 6.17 (5.37)
Overall 112 - = ' -+ 5.47 (8.36)

rs
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The potential for delayed mortality from stomach-
flushing appears minimal for at least one of the spe-
cies investigated. Subsequent work with individually
marked M. cuneirostris (now) > 20 have been stomach-
flushed), revealed no alteration of normal behaviour
patterns over days to weeks, indicating the absence of
latent effects from the procedure, Similar long term
responses are expected for other Namib Desert species.

4 DISCUSSION

The results of the use of stomach-flushing on Namib
Desert lizards generally agree with those conducted
with North American species. Stomach-flushing
represents an excellent non-destructive way of obtain-
ing stomach samples for dietary analysis in lizard

populations. An apparent difference of the present

study from earlier work, however, is the greater poten-
tial among Namib species for lizard body size to affect
stomach-tlushing efficiency, with reduced efficiency in
very small individuals. While for most species this in-
fluence appears to be small, it must, nevertheless, be
considered in the analysis and interpretation of dietary
data derived from stomach-flushing. To a large degree,
however, such body size effects may be overcome by
practicing the method on a particular species
(Pietruszka 1981). It is, therefore, wise for researchers
using the technique to familiarize themselves with it
on fairly large lizards before applying it to smaller in-
dividuals.

The stomach-flushing procedure used in the present
study is similar to that described by Legler & Sullivan
(1979). The principal difference is associated with the
prosthesis used to hold the mouth open during flush-
ing. Legler & Sullivan’s plastic rings, through which
the stomach cannula was inserted, appear to be cum-
bersome and potentially injurious to lizards as they re-
quire additional manipulation of the lizard besides the
actual flushing. This additional manipulation (forceps
removal of food, cannula reinsertions) undoubtedly
increases the trauma to lizards and may well have been
responsible for the “slight to extreme lethargy” in
stomach-flushed individuals noted by these authors.
Because of this, Legler & Sullivan’s variation of the
stomach-flushing technique cannot be highly recom-
mended.

As stomach-flushing is being applied to more and
more species of lizards, the generality of its applicabil-
ity is becoming apparent. The technique can be used
in the field by a single worker and large numbers of
lizards can be processed in a relatively short time.
Based upon the lizard species used in this study,
stomach-flushing should be widely applicable to
Namib Desert species. Because of the high reliability
and low mortality associated with the technique and
hence the low impact on natural populations,

stomach-flushing is the preferred method of obtaining
dietary information for many species, especially where -
characterization of population diets is the study goal.
The fact that diet samples can be obtained repeatedly
from the same individuals through time (Legler & Sul-
livan 1979; Pietruszka 1981) allows for the investiga-
tion of individual feeding preferences and thus adds
an important dimension to studies of feeding biology
in lizards.

5 ACKNOWLEDGEMENTS

[ wish to thank the Transvaal Museum and the
Research Grants Division of the CSIR for financial
support during this study. The Department of
Agriculture and Nature Conservation provided the fa-
cilities and permission to work in the Namib-Naukluft
Park. I also thank Dr. C.S. Crawford, Dr. M.K. Seely,
Dr. W.S. Branch, and Prof. G. Louw for reviewing the
manuscript.

6 REFERENCES

DUNHAM, AE.
1983: Realized niche overlap, resource abundance, and intensi-
ty of interspecific competition. pp. 261-280. In: Lizard
Ecology. Studies of u Model Organism, ed. by R.B.
Huey, E.R. Pianka,.and TW. Schcener, Harvard Univer-
sity Press, Cambridge.

HARRIS, V.A.
1964: The Life of the Rainbow Lizard. Hutchinson, London.

HOLLANDER, M. and WOLFE, D.A.
1973:  Nonparametric Statistical Methods. John Wiley and
Sons, San Francisco.

LEGLER, J.M.
1977: Stomach flushing: a technique for chelonian dietary
studies. Herpetologica 33: 281—284.

LEGLER, JM. and SULLIVAN, I..J.
1979: The application of stomach-flushing to lizards and anu-
rans. Herpetologica 35: 107—110.

LOUW, G.N. and HOLM, E.

1972: Physiological, morphological and behavioural adapta-
tions of the ultrasammophilous Namib Desert lizard
Aporosaura anchietae (Bocage). Madoqua, Series 11. 1:
67—38S.

NETER, J. and WASSERMAN, W.
1974:  Applied Linear Statistical Models. Richard D. Irwin,
Inc., New York.

PIETRUSZKA, R.D.
1981:  An evaluation of stomach flushing for desert lizard dict
analyisis. Southwestern Naturalist 26: 101—105.

POWELL, G.L. and RUSSELL, A.P. .
1984: The diet of the eastern short-horned lizard (Phrynosoma
douglassi brevirostre) in Alberta and its relationship to
sexual size dimorphism. Can. J. Zool. 62: 428—44(.

SOKAL, R.R. and ROHLF, F.J. ¢
1981: Biometry. 2nd Edition. W.H. Fréeman and Company,
San Francisco. <



