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Summary

1. Marine Iguanas Amblyrhynchus cristatiisinhabiting the rocky shores of the
Galapagos Islands apply two foraging strategies, intertidal and subtidal foraging, in a
seasonal climate. Effects of both foraging strategy and seasonality on the daily energy
expenditure (DEE) were measured using doubly labelled water.

2. Difference in foraging mode did not result in significant differences in DEE.

3. On Santa Fé the DEE in the warm season was significantly higher than in the cool
season (67-8 + 21-8 kJ K¢ day™ vs 38-0 kJ kg®®day™). This difference can be
explained by body temperature. A model estimate of the body temperature was used to
predict monthly DEE figures, giving a year round budget. On average a 1-kg iguana
would need only 47 kJ da¥; or 17 mJ year". This is lower than previous estimates in
which body temperatures were not taken into account.

4. The water flux of the Marine Iguana increases with increasing foraging time. The
linear rise per minute foraging is roughly two times as high for subtidally foraging ani-
mals as for intertidal foragers.
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Introduction amounts to 8% of the daily energy budget. These costs
are much lower than the 30% of the daily energy bud-

. , . " for fi i | lcul hypo-
endemic to the Galapagos Islands, inhabiting th et needed for foraging on land as calculated hypo

. . . theticall b Gleeson. Subsequently, ener
rocky shores in dense populations. It lives on a herbi- y by quently 9y
expenditure measurements on free-living marine

vorous diet throughout life, feeding on macrqphytlc iguanas using the doubly labelled water (DLW) tech-
algae along the rocky shores of the islands . o
N nigue showed that the costs of foraging, in agreement
(Bartholomew, Bennet & Dawson 1976; Trillmich & _ .
S . . o with Gleeson (1979), account for only 8% of the total
Trillmich 1986; Wikelski, Gall & Trillmich 1993). . :
Two foraging strategies are distinguished intertidaldally energy expenditure (Nagy & Shoemaker 1984).
ging 9 9 ' In the study of Nagy & Shoemaker (1984), however,
no attention was given to foraging mode. Thus the ear-

and subtidal foraging. In intertidal foraging the ani-
mals exploit algae which are exposed during low tideIier suggestions of Gleeson (1979) could not be con-
firmed in detail.

in the intertidal zone. During subtidal foraging the

iguanas swim out on the sea and make several dives, . .
Apart from the foraging mode the seasonal environ-

ment of the Galapagos lIslands (Colinvaux 1984)

to feed under water on submerged algae beds
could have large energetical repercussions for the

The Marine Iguana Amblyrhynchus cristatlisis

(Trillmich & Trillmich 1986).

In earlier studies, measurements of oxygen con-__ . . o

. . . .~ ‘marine iguana. In a number of studies in more temper-
sumption of the Marine Iguana during swimming

.~ ate regions seasonality was clearly reflected in the
(Vleck, Gleeson & Bartholomew 1981) and walking 9 . y early ret _
energy expenditures of the reptiles studied (Rismiller

(Glee§on 1979.) were .carned out. Gleeson (1979%4 Heldmaier 1991; Nagy & Shoemaker 1975). Also
combined the information on locomotory costs and.

concluded that the swimming mode of foraging onl in tropical regions distinct seasonal patterns in ener-
9 ging ygetics have been observed. The Frillneck Lizard

Chlamydosaurus kingiiin northern Australia, has a

§Present address: Netherlands Institute for Sea Researciur-fold difference in the field metabolic rate
PO Box 59 1790 AB Den Burg, Texel, the Netherlands. between seasons (Christian & Green 1994; Christian,
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Griffiths & Bedford 1996). The varanid lizards With respect to their foraging mode, lagoon feeders
Varanus gouldiiand V. panoptesoth have a three are comparable to subtidal feeders from Santa Fé.
times higher energy expenditure between seasornidowever, the lagoon feeders swim less than the subti-
(Christianet al. 1995). So a seasonal environment candals and dive to 0-5 m maximum, while subtidals for-

have a clear effect on the energy expenditureage at depths of 3-5 m. Furthermore the water
However, van Marken Lichtenbedt al (1993) did temperatures in the lagoon are higher than in the open
not find a season related energy expenditure variatiosea and the algal composition tends to be different
in the Green Iguan&uana iguanaon the tropical from the subtidal areas (Wikelskd al. 1997).

island of Curagao. At the end of the day, a little after sunset, the ani-

The aim of the present study is two-fold. The first mals were caught by having their tails grasped. The
aim is to fill the gap in the understanding of energeticbody mass and snout-vent length (SVL) were mea-
costs and gains to animals using the intertidal or subtisured to the nearest g and mm, respectively. The ani-
dal foraging strategy by exploring their energetic con-mals were marked with a painted code. A blood
sequences. Is subtidal foraging really energeticallysample was taken from the tail vein, for the determi-
cheaper, as predicted, and if so, why do iguanas stithation of the background isotopic levels. As in all
forage in the intertidal? Secondly, we want to evaluatéblood samples taken, six subsamples were flame
the effect of seasonality in climate on the daily energysealed in 25-ul capillaries. The animals were then
budget of marine iguanas. Seasonal differences iinjected intraperitoneally with a mixture of,HO (50
food availability and the thermal environment canatom percentage) arftH,O (99-9 atom percentage)
lead to variations in the DEE. weighed to the nearest mg. On Genovesa this mixture

contained 0-72 g of 40 and 0-18 gH,O adminis-

tered per kg body mass. On Santa Fé in February the
Materials and methods amounts injected for the subtidals were 0-56,5®
and 0-14 ¢H,0 per kilogram body mass, and for the
intertidals they were 0-4 g0 and 0-1 ¢H,O per
Fieldwork was carried out in the Galdpagoskilogram body mass. In June the subtidal foraging ani-
Archipelago during the first half of 1994. Study sites mals were injected with 1-4 g,}O and 0-35 gH,0
were located on Genovesa at ‘Salvaje de Corazorper kilogram body mass, the foraging animals were
(0°19N, 89°59W) and on Santa Fé at ‘Miedo’ injected with 1-0 g K0 and 0-25 ¢H,O per kilo-
(0°50S, 90°02W) (for population characteristics at gram body mass. Subtidally foraging animals were
these sites see Laurie 1990; Laurie & Brown 1990;njected with a higher dose, because of an expected
Wikelski, Carrillo & Trillmich 1997). The Galdpagos higher water flux, which dilutes the isotopes more
experiences a seasonal climate. In general, the first fiveapidly.
to six months of the year are sunny and warmer (hot After the injection the animals were left overnight
season) than the second half of the year when it i81 an enclosure for 8-10 h to let the isotopes equili-
much more overcast and cool&afua) (Colinvaux  brate with the body water. In the morning an initial
1984). In thisGaruaperiod sea-water temperatures areblood sample was taken and the animals were released
lower and the nutritional supply for algal growth is bet- where they were caught. Some 6-8 days after the ini-
ter than in the hot season (Houvenaghel 1978)tial blood sample, before sunrise, a final blood sample
Investigations were made on Genovesa during Januanyas taken and the animal was weighed again.
1994. On Santa Fé, work was done during Februarfnalyses of the blood samples were carried out
and June 1994. January and February fell in the hadccording to the procedures described in Masman &
season, while June fell in the c@ghruaseason. Klaassen (1987), at the Centre for Isotope Research,
University of Groningen, the Netherlands.

For the calculations of the G@roduction it was
assumed that the oxygen and deuterium pool are equal
Measurements of the daily energy expenditures usingn volume. Calculations were done following equation
doubly labelled water (DLW) were carried out with 34 of Lifson & McClintock (1966). The oxygen dilu-
male Marine Iguanas of similar body mass. During thetion space was taken as the total body water figure.
periods of measurement the males were not reproduczorrections for fractionatiori; = 0-93,f, = 0-99 and
tively active. f; = 1.04 as in Lifson & McClintock (1966), were

On Genovesa six intertidally foraging and six included in the calculation. Conversion of ml £©O
lagoon foraging male Marine Iguanas were meakJ was done by applying the factor 21-7 3'alO..
sured. On Santa Fé six subtidal animals and fiveEvaporation loss of water in free-living Marine
intertidal animals were caught and injected inlguanas was assumed to account for 40% of the water
February. In June on Santa Fé 16 animals were usegfflux (Shoemaker & Nagy 1984). The data are pre-
for the experiments, 8 subtidal and 8 intertidal.sented as kJ kgday™. In comparisons between ani-
Lagoon foragers of Genovesa fed submerged in anals kJ kg°® day™ is used according to the
small lagoon with an approximate depth of 0-5 m.relationship between energy expenditure and body

STUDY AREAAND TIME

DOUBLY LABELLED WATER PROCEDURE
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the results are the effluxes calculated from iHg

dilution in the body water, the original water content different

mass in Nagy (1982). The water flux data presented isame period the DEE of three intertidally foraging ani-

mals was 74-4 kJ k§®day™, a value not significantly
from that of the subtidal foragers

of the animal determined B§O dilution and changes (Mann-Whitney U-test, U = 10, n, = 3, n, = 6,

in body mass (Nagy & Costa 1980).

BEHAVIOURAL OBSERVATIONS

P> 0-05).

During the cool season in June 1994, the DEE was
determined for 14 Marine Iguanas. Of seven subtidal
foraging marine iguanas the mean DEE was 39-5 kJ

During the DLW measurement period, activities of thekg™®®day™. The seven intertidal animals had a compa-
injected animals were recorded. Observers positionedable outcome of the mean DEE, 36-4 kIKtgay ™.

on high coastal rock formations could easily overviewThese

values are not significantly different

the basking and foraging areas of the Marine IguanagMann-Whitney U-test, U = 30, n, = 7, n, = 7,
using binoculars. In January and February total feedP > 0-05).

ing times were noted, while during the June experi- Since no statistical differences between the DEEs
ments basking, walking, swimming and feeding wereof the separate foraging strategies were found, the
recorded separately. Distances walked were measureathta from the different foraging modes were pooled.
by counting steps (conversion to metres, three steps &With this information a comparison between the
the same leg = 1 m, based on separate subsamplédsjands Genovesa and Santa Fé during the warm sea-
and by plotting the distance covered on a detailed mapon was made. On Genovesa the mean DEE regard-
of the area. Foraging animals were observed continuess of the foraging strategy was 32-6 kXKglay ™.
ously. Swimming and diving times in the subtidal for- In February on Santa Fé in the same warm season the
agers and grazing times in the intertidal foragers werenean DEE of all the measured animals was

recorded to the nearest minute.

Results

ENERGY EXPENDITURES

The lagoon foragers on Genovesa in the warm seas
had a mean daily energy expenditure (DEE) of
35-8 kJ kg°®day™ (Table 1). The intertidal foraging
animals on Genovesa had a slightly lower DEE
27-3 kJ kg®® day™, though this is not significantly
lagoon feeders

lower than the DEE of the
(Mann-WhitneyU-test,U =8,n, =3,n,=5,P>0-05).

In February 1994, also during the warm season
energy measurements were carried out on Santa Fé.
Here the mean DEE of six subtidally foraging Marine

Iguanas was found to be 64-5 kJ%gday™. In the

Table 1. The mean daily energy expenditures as measured by the DLW method,%Y

67-8 kJ kg®®day™. The energy expenditure on Santa
Fé was significantly higher than the energy expendi-
ture on Genovesa (Mann-Whitné&jtest, U = 65,
n, =8,n,=9,P<0-01 two-tailed).

A seasonal comparison of the combined intertidal
and subtidal foragers of February and the combined

%ragers of June shows that the mean DEE of all the

measured animals on Santa Fé in June, the cool sea-
son, is 38-0 kJ kg ®day ™. The mean DEE on Santa
Fé in the warm season was 67-8 k3%&day™, a
much higher value. The difference between the two
seasons on Santa Fé is statistically significant
(Mann-WhitneyU-test, U = 110,n, = 9, n, = 14,

P < 0-01 two-tailed).

ACTIVITIES

The average time per day spent on foraging activities
the intertidal and lagoon feeders on Genovesa did

the Marine Iguanas on Genovesa and Santa Fé categorized per island and forag@gShow any significant differences (Mann—Whitney

strategy. Significant differences as given by the Mann—Whith&gst (further statis-
tics are mentioned in the text)

Mean daily energy expenditure

kJ kg™ kJ kg©®
Island Month Foraging day SD day>* SD n
Genovesa January Lagoon 375 223 358 217
Intertidal 30-2 4.7 27-3 4.6
34.8 175 32% 172 8
Santa Fé February Subtidal 55-8 11-8 64-5 135
Intertidal 64-3 299 74-4 367
58.6 181 67¥ 218 9
Santa Fé June Subtidal 340 144 395 16-7
Intertidal 31-0 152 36-4 18.0 7
325 143 380 168 14

U-test,U =22,n, = 6,n,=6,P > 0-05 two-tailed). On
Santa Fé both in February and in June the subtidals
use significantly more time for foraging activities than
the intertidal foragers (Mann-Whitn&jtest,U = 0,
n,=5,n,=5,P=0-01 two-tailed and =55-5n;, =8,
n, =8,P=0:01 two-tailed) (Table 2).

The intertidal feeders on Genovesa (January) forage

%ignificantly longer than the intertidal feeders on

Santa Fé. This holds for both February

gMann-Whitney U-test, U = 28, n; = 5, n, = 6,
3 P=0:02) and June (Mann-Whitn&lytest,U = 42.5,

n, = 6,n, =8, P =0-02 two-tailed). Foraging time of

7Iagoon feeders on Genovesa and subtidal foragers on

Santa Fé in February was not significantly different
(Mann-Whitney U-test, U = 19, n; = 5, n, = 6,

Significant differenceR < 0-02) between Genovesa January and Santa Fé Februarfy. > 0-05 two-tailed). However, compared with Santa

PSignificant differenceR < 0-02) between Santa Fé February and Santa Fé June.

Fé in June, the lagoon feeders spend more time forag-
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ing than the subtidals (Mann-WhitnElytest,n, = 6, related to the mean foraging times per day as is shown
n,=8,U=42,P=0-02 two-tailed). in Fig. 1, including all intertidal, subtidal and lagoon
A comparison of the intertidal foraging times in feeders. Water flux per day expressed as ml water out
February and June on Santa Fé does not reveal aper kg body mass increases with the time spent on for-
significant  differences (Mann-WhitneyU-test,  aging (min kg* day™). The relationship for the inter-
U=29,n, =5,n,=8,P>0-05 two-tailed). The subti- tidal foragers is described by: water flux (ml~kg
dal foragers, however, use significantly more time forday™) = 0-36 x foraging (min kg day —*) + 34.0,
foraging in February during the warm season than irfR? = 0-84,F = 98,n = 19, P < 0-001. The combined
June during the cool season (Mann Whithéyest,  subtidal and lagoon foragers have a linear relationship
U =36,n, =5,n,=8,P=0-02 two-tailed). of: water flux (ml kg* day™) = 0-83 x foraging
Activity level differences do not contribute signifi- (min kg™ day —*) + 35-8,R? = 0-78,F = 70,n = 20,
cantly to the explanation of the variation in DEE as isP < 0-001. The intercepts for both the relationships are
shown by the Spearman rank correlatigr= 0-08,  statistically indistinguishableé=(= 0-2,P > 0-05) but
n=38,P>0-05 two-tailed. the slopes of the lines are significantly different
(F = 22, P < 0-:001). The slope of the subtidal and
lagoon foragers is more than twice as steep, indicating
higher water fluxes compared with the intertidal for-
Water fluxes of all labelled Marine Iguanas were agers at the same foraging time.
Mean body water as percentage of the body mass
differed significantly between lagoon foragers and

WATER FLUXES AND BODY WATER

Table 2. Mean time spent on foraging activities per day. Values are given for the fototertidal foragers on Genovesa in January. Lagoon
aging strategies per island, which are compared within an island using theragers had a higher body water percentage than the

Mann-WhitneyU-test. For significant differences tRevalues are given

intertidal foragers (Table 3). On Santa Fé both in

February and in June the body water percentages of

Foraging time the two foraging strategies were not statistically dif-

Island Month Foraging minday SD n ferent (Table 3). There is a difference in the body
water percentages when comparing the means of

Genovesa January Lagdocin 40-6 21-5 6 February and June regardless of the foraging strate-

Intertida 55.7 334 6 ; ; ; i

ies applied. The iguanas have a significantly lower

Santa Fé February Subtidal 57.5 30-8 5 9 P g . g y

Intertidal 8.8 4.1 5 body water content in June than in February (Table 3).
Santa Fé June Subtidal 18.9 76 8

Intertidal 10-6 1-5 8

Discussion

aSignificant difference on Santa Fé in Februdy Q-05).
PSignificant difference on Santa Fé in JuRe=(0-05).

© 1999 British
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In this study the possible energetical consequences of
the mode of foraging, reflected in the DEE of the
Marine lguana, were investigated. In three indepen-
dent experiments (Genovesa during January, Santa Fé
during February and June) no significant differences
in DEEs between the two foraging modes were found.
An explanation for these results is that the differences
in energy expenditure between the foraging modes is
low compared with the total DEE. This can be shown
by detailed observations of the activities of the igua-
nas in June in combination with relationships on
energy expenditure and swimming or walking from
Marine Iguanas from the literature (Gleeson 1979;
Vleck et al. 1981). The results of calculations on the
energy spent on foraging activities expressed as per-
centage of the total DEE, listed in Table 4, show firstly
no significant differences between foraging mode
(Mann-WhitneyU-testU = 26-5,n, = 7, n, = 7,

P =0-8). Secondly, daily costs of locomotion are only
a very small part of the total daily energy expenditure.
Fig. 1. The relation between the time spent on foraging On average only 3-5% of the daily energy expenditure
activiies (min kg" day™) and the water flux in ml \as due to locomotory activities. This value does not

—1 1 - . . . . . .
kg day .Ur_1f|IIed C|r(_:les indicate intertidal foragers, filled obey the general trend observed by Christian,
circles combined subtidal and lagoon foragers. Least squares

regressions are calculated separately for both strategies. TieAUdinette & Pamula (1997) that the amount of
slope of the subtidal lagoon line is significant larger than theenergy spent on locomotory activities by lizards is a
slope of the intertidal line<(= 17,P < 0-001). significant portion of the energy budget (about 20%),
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497 although values smaller than 5% during inactive peri-shown that subtidal foragers have a higher rate of
Energetics of the  ods, are given in their data set. intake than intertidal foragers (Wikelski al. 1993),
Marine Iguana Subtidal foragers travel twice the distance inter-but this possibly can be attributed to temporal differ-
tidals do, using approximately the same amount ofnces in algae stock. It can be concluded that subtidals
energy. This is also reflected in the time spent on forcan exploit a larger area than the intertidal animals at
aging. Subtidals forage significantly longer than inter-the same cost, or can forage longer for the same cost,
tidals per day. This has some ecological implicationsor can sustain activity on a lower-quality food source
The fact that the conditions, expressed as percentagkan intertidals. It should be noted that intertidal for-
body water, are not different between intertidal andaging is more efficient in time: whereas subtidals
subtidal foragers indicates that energy intake is noswim 30-50% of the time, intertidal foragers can feed
larger in subtidals. However, in an earlier study it wasalmost continuously.
There is a large and significant difference between
the daily energy expenditures in the warm season
Table 3. The mean body water as the percentage of body mass. The foraging strdfeebruary) and the cool season (June) on Santa Fé.
gies per island are tested for differences and the season means for Santa Fé are Thm-much lower energy expenditure in June can be
pared with the Mann Whitney-test attributed to a lower mean body temperature during
the cool season. A body temperature difference of
5-4 °C between June and February usiqygof 2-9
Island Month Foraging % (wiw)  SD n (Bennet, Dawson & Bartholomew 1975), or of 5-9 °C
lower with aQ, of 2:67 (Nagy & Shoemaker 1984),

Mean percentage body water

Genovesa January Lagoon 830 08 > would explain the decrease of the expenditure from 68

Santa Fé February 'mgﬂma. 79;3).9 1'81.6 6 ¢ 1038kIkg*®day™. Asimilar difference in body tem-
Intertidal 78.0 1.9 5 perature was found in the Galapagos Land Iguana
Combined 79% 2.2 11 (Conolophus pallidyson Santa Fé. Body tempera-

Santa Fé June Subtidal 75-5 2:4 8  tures during daytime were up to 4-5 °C lower during
Intertidal 752 2:5 8 the cool season than during the warm season in the
Combined 753 24 16 Land Iguana (Christian, Tracy & Porter 1983).

3 agoon and intertidal differ significantpE 0-002). With meteorological data of 1994 collected at the

PTotal of Santa Fé in February differs significantly from total Santa Fé in Jun@arwin Research Station on Santa Cruz an attempt was

(P<0-02). made for a rough prediction of the body temperatures of

Table 4. The costs of locomotion for the animals in June on Santa Fé are calculated and given as the percentage of the
measured DEE values. Grazing costs only constitute walking costs during grazing. The relationship for walking is, cost of
transport = 3- 70 °25(ml O, g km™) (Gleeson 1979), Vledkt al. (1981) give the following relationship for swimming, cost
swimming = 0-3M%%5(ml O, kg™* m™%). RQ = 0-93 (Nagy & Shoemaker 1984). The distances covered per activity are given

in metres (m). All figures are per day

Totals
Walking Swimming Grazing Locomotion Animal
Strategy kg m kJ m kJ m kJ m kJ kJ %
Intertidal

2-3 67 2:0 7 01 20 0-6 95 2:6 93 3
2-:0 48 1-3 0 0-0 20 0-5 67 1.8 48 4

2-7 57 1.9 0 0-0 18 0-6 75 2:5
2-3 37 1-1 0 0-0 17 0-5 54 1-6 43 4
2-4 56 1.7 29 0-3 11 0-3 96 2:3 57 4
2:0 44 1.2 33 0-3 16 04 93 1.9 27 7
19 37 1-0 29 0-3 15 0-4 82 1-6 83 2
2-3 34 1-0 49 0-5 14 0-4 97 1.9 133 1

Subtidal

2:0 34 09 42 0-4 6 0-2 82 1-4 43 3

2:0 35 09 131 1-3 3 0-1 169 2:3
1-8 27 0-7 133 1-3 7 0-2 167 2:1 96 2
2:2 67 1.9 89 09 12 0-3 167 31 91 3
2:2 35 1-0 140 1-4 0 0-0 175 2:4 51 5
. 2:2 40 1.1 236 2:4 10 0-3 285 3-8 55 7
©1999 British 2.4 31 09 182 20 0 00 213 2.9 127 2
Ecological Society, 2.1 31 08 151 1.5 0 00 182 2.3 45 5
Functional Ecology, 4+2

13,493-499
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the Marine Iguanas. The night body temperature isvater and the animals foraging in the intertidal. Water
assumed to be the same as the night air temperatufieixes of the subtidals and lagoon foragers are the
(defined as the mean of the air temperature at 1800 same without foraging. When foraging, however,

(t,9) and at 0600 htf) the next morning). The body water fluxes of the subtidal and lagoon foragers
temperature during daytime is assumed to be the préncrease more than two times as much with increasing
ferred body temperature of 35 °C (White 1973) whenforaging time than the water fluxes of the intertidal

there was sun (number of sun housy.(For the foragers. This relationship between water flux and
remaining part of the day the air temperature at middayoraging time suggests that during feeding water
(1200 h §;,)) was taken as the body temperature. Thes@ccompanying the algae is ingested; for iguanas for-
assumptions amount to the following equation for theaging submerged this will presumably be more than

body temperaturég. for the intertidal foragers above the water surface.
(te + t10) Shoemaker & Nagy (1984) arise at the same conclu-

12 x % 45x 35+ (12 -8) X t;, sion in a study on the osmoregulation in the Marine

Tg = o . egn llguana. The higher water fluxes in the subtidal and

lagoon foragers could provoke extra costs incurred by

With this equation estimates were obtained for theextra excretion of salt via the nasal salt gland
mean body temperatures throughout the year(Schmidt-Nielsen & Féange 1958) in order to remain in
According to the equation there is a mean body temsalt balance.
perature difference of 4.7 °C between February and An estimate of the body condition is the percentage
June. This temperature decline explains 75% of thef body water. Here we do find a significant difference
lower energy expenditure of the Marine Iguanas inbetween the seasons: in February animals are found to
June, using &,,0f 2:67 (Nagy & Shoemaker 1984). have a percentage of body water 5% higher (80%)
The year round calculated body temperatures (usinghan in June (75%). When assuming that the hydration
monthly mean meteorological data) were next used tof the fat-free mass is constant, the percentage of body
predict an annual energy budget. With the relationshigat must have increased by 5-6% from February to
between body mass and oxygen consumption of dune. For a 1-kg iguana that means a deposit of 66 g
resting Marine Iguana having a body temperature ofat. Body lipid stored without concomitant storage of
25 °C, as given by Bartholomew & Vleck (1979), and water gives a maximal change of energy content of
the Qo of 2:67 (Nagy & Shoemaker 1984), the 39 kJ g* (Blaxter 1989). With an efficiency of 80% at
monthly resting metabolic rates could be calculatedsynthesis (Blaxter 1989) this means an extra net
Following Nagy & Shoemaker (1984) the DEE of a energy intake of 32 kJ dayover a 100-day period.
marine iguana is 1-7 times resting metabolic rateThis implies an extra net energy intake of 40-65%,
(RMR) so the estimates had to be multiplied with 1-7above the amount required for the DEE, depending on
to obtain the DEE.

This information is plotted in Fig. 2, and shows that
the monthly DEE values actually measured by the 80
DLW measurements in February and June resemble j{

the DEE values calculated via the Bartholomew &
Vleck relationship, very closely (both estimates fall N
within the standard error of the mean). On average an —
iguana of 1 kg expends 47 kJ dagn a yearly basis, = =
calculated via the Bartholomew & Vleck equation. .. [ R
From Nagy & Shoemaker (1984) it can be concluded S 40
that a 1-kg iguana has an energy expenditure of £
70 kJ day* on a yearly basis. This value is higher than
our DLW finding, but in this estimate no temperature
constraints are included, as we infer to occur during
the cool season.

The clearly lower energy expenditures on Genovesa
in January, compared with the energy expenditureson o
Santa Fé, cannot be explained by differences in acti-
vity levels. Again, body temperature could cause a Month
part of the difference. Body temperature measurefig. 2. The DEE (kJ day) of a 1-kg Marine Iguana on Santa
ments in 1993 revealed that daily mean body temperaré during 1994. The values were calculated via the equation

tures were 2-3 °C lower on Genovesa than on Santa £&" RMRQat 2f52°%79iveg byDBSIrEthofloFYew ﬁ,\\A/'F‘:C('?\I(lwzc)
; . . using aQ, of 2:67 and a of 1.7 x agy
(M. Wikelski, unpubllsheq data). . . Shoemaker 1984), with body temperatures predicted by the
Water fluxes per day increase V‘_"th Increasing for-equation given in the text. The overall mean DEEs (kJ'3lay
aging time per day. However there is a clear differencen Santa Fé in February and June are given for a 1-kg

in the slopes between the animals foraging undeMarine Iguana, with standard errors.
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the season. However, more accurate measurements ons5-69. Pergamon Press, Oxford.
body condition and food intake are needed to confirnfeleeson, T.T. (1979) Foraging and transport costs in the
these findings. Galapago_s marine iguanamblyrhynchus christatus
- . . Physiological Zoolog$2,549-557.
February is the time after the mating season, Wheq, yenaghel, G.T. (1978) Oceanographic conditions in the
the males are still recuperating from a period with lit-  Galapagos archipelago and their relationships with life on
tle foraging activity and with a low algal production.  the islands.Upwelling Ecosystemgeds R. Boje & P.

In June the nutritional status of the sea water is con- Tomczak), pp. 181-200. Springer Verlag, Berlin.

. . . . aurie, W.A. (1990) Population biology of marine iguanas
SUCIVe t()llahhlgh _algal p;odugtlon_?r:\_d tEe Iguanas CTIIT (Amblyrhynchus cristatdisl. Changes in fecundity related
evote all their time to foraging. This then can result , 5 population crashlournal of Animal Ecologys9,

in a better body condition with a higher body fat per- 515-528.
centage and lower total body water content than irl-aurie, W.A. & Brown, D. (1990) Population biology of
February. This trend is in accordance with the findings marine iguanasAmblyrhynchus cristatjsll. Changes in

of Trillmich (1983), that the body mass of the Marine annual_su_rvwal rates_and the effects of SIz€, Sex, age and
. ) . fecundity in a population crasbournal of Animal Ecology
Iguana males increases during the period from May to 59 509544
October. Lifson, N. & McClintock, R. (1966) Theory of use of the
turnover rates of body water for measuring energy and
material balancelournal of Theoretical Biology2,46—74.
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