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Summary

We estimated the effect of nitrogen stress on the half-life of nitrogen were two to six times higher than
nitrogen isotope enrichments in wing membrane and those of carbon. We argue that this discrepancy was
blood of two nectar-feeding bats Glossophaga soricina caused by the mixing of nitrogen isotopes from internal
and Leptonycteris curasogeby offering a nitrogen-poor  and external sources. The mixing effect was probably
diet with a high &N and &'3C. Before the experiment, negligible for carbon as the amount of ingested carbon
bats were sustained on a normal diet with a low!>N and  outweighed the amount of mobilized carbon from internal
813C. Under this first food regime, the fractionation of sources. A correlation between the estimated turnover
nitrogen isotopes averaged 3.1%'°N for blood and 4.4%. rates of nitrogen and losses of body masses was probably
315N for wing membrane, which was almost twice as high obscured by the additional fractionation of nitrogen
as the corresponding fractionation of carbon isotopes. isotopes in catabolic animals. We conclude that the
After switching to the nitrogen-poor diet, the enrichment interpretation of nitrogen isotope data of free-ranging
of heavy isotopes increased for both elements in all tissues animals is difficult when the animal’s diet is changing to a
under study. The recently published estimates of half-life critical nitrogen content.
of carbon isotopes indicated a low turnover rate of carbon
in wing membrane and blood and an almost constant half- Key words: nitrogen isotope, nitrogen stress, fractionation, mixing,
life over varying losses of body mass. The estimates of Glossophaga soricind_eptonycteris curasoae

Introduction

Since the landmark publications by DeNiro and Epsteirpreferentially held back in the body, whereas light isotopes are
(1978, 1981), stable isotopes have been increasingly used preferentially released. The isotopic analysis of whole animals
ecophysiological studies. The authors were among the first &hows, for example, an enrichmentlefl by 3.0+2.6%001°N
point out the observation that the carbon and nitrogen isotopelative to the diet (DeNiro and Epstein, 1981). Within
ratios in animal tissues are correlated with the isotopi@nimals, tissues differ in their fractionation of isotopes
composition of the animal's diet. This observation wasaccording to their molecular composition and the specific
confirmed for a wide variety of animals (e.g. Cabana anénzymes involved. In muscles of birds, diet-tissue enrichments
Rasmussen, 1994; Minagawa and Wada, 1984; Owens, 198%;15N vary between 0.2%o and 1.4%°N (Hobson and Clark,
Peterson and Fry, 1987) and was commonly translated into th€92) and in feathers between 2%, and 8%N (Hobson and
phrase you are what you eat...plus a few per'niiluring the  Clark, 1992; Mizutani et al., 1992). Fractionation effects also
past few years, various researchers have used isotopic dataootur in other animal groups, such as mammals or insects, and
various elements to trace diets (e.g. Ben-David et al., 199Within all groups fractionation factors vary between species
Hobson et al., 2000), trophic relationships (Eggers and Joneand tissues (e.g. DeNiro and Epstein, 1981; Hilderbrand et al.,
2000; Hobson and Welch, 1992) or migratory movements of996; Webb et al., 1998).
animals (e.g. Fleming et al., 1993; Hobson, 1999). Catabolic animals are more enriched in heavy nitrogen

An important assumption in stable isotope studies is thi&sotopes than animals with a balanced energy budget (Hobson
premise that tissue isotope ratios equal dietary isotope ratiasd Clark, 1992; Hobson et al., 1993). In the remainder of this
plus an offset called fractionation factor or the consumer-digext, we call this phenomenon ‘additional fractionation’,
enrichment (DeNiro and Epstein, 1978, 1981; Mizutani et albecause an additional offset leads to a larger difference in
1992). Fractionation describes the phenomenon that light ansbtope ratios between diet and tissue than in animals with a
heavy isotopes pass through the body at different rates duelialanced energy budget. Recently, Vanderklift and Ponsard
enzymatic and physical processes; heavy isotopes a(@003) discussed the effect of poor-quality diets (i.e. with a
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high C:N ratio) on thé'>N enrichments of animals and the with the same diet as in the breeding colony. This food
overall lack of experiments. In the present study, weoriginated from plants representative of thepBotosynthetic
investigated the effect of nitrogen stressiet enrichments in - pathway and a lIow!®N value (Tablel). The different types
two nectar-feeding bat species, i.e. we studied whethef diet were diluted in water to equal 18% sugar water
estimates of tissue turnover based on nitrogen isotopes gmass/mass, refractometer, accuracy 0.2%).
reliable in animals under nitrogen stress. In an earlier paper, After seven days of habituation, we switched the diet of the
we described the fractionation and half-life of carbon isotopebats to plants representative of the carbon isotope composition
in an experiment with two nectar-feeding bat speciesof C4 and CAM photosynthetic pathways and a h&iiN
Leptonycteris curasoag20g) and Glossophaga soricina value (Tablel). We refer to this day as day one of the
(109) (Voigt et al., 2003b)We switched the carbon isotope experiment. As before, all different food sources were mixed
ratio of the diet by approximately 14%4°N and traced the to a sugar concentration of 18% (mass/mass). To complement
change in carbon isotope enrichments in different tissues (wirthe diet of the bats, we added several mg of vitamins and
membrane, blood and hair) over a period ofdé@s. We minerals to the diet each day.
observed that the half-life of stable carbon isotopes was Before and after each night, the sugar water was weighed to
consistently low for both species and all tissues. In contrast &n accuracy of & and we refer to the ingested food as the
our expectation, we could not find a negative correlatiomlifference between the two measurements. The overall
between half-life of carbon isotopes and losses of body massitrogen isotope enrichment of the ingested food was estimated
We concluded that the mobilization of body reserves anéach day by measuring the portion of each of the three food
associated mixing effects did not bias the estimates of tissweurces ingested by the animals by the percentage
turnover of carbon isotopes because the amount of carbon frazoncentration of nitrogen in the dry substance of the food
internal sources was negligible in relation to the amount ofTablesl,2) and by multiplying these values by the
carbon from external sources. correspondingd!>N (Tablesl,2). To estimate the mean
During the same experiment, the nitrogen concentration aotopic enrichment of the ingested food before and after
the diet was changed from ~1.3% to 0.1% nitrogen, and thewitching the diet, we calculated the average value of isotopic
nitrogen isotopic ratio from 4.2%. to 13.1%.. Here, we presenenrichment of the food for seven ddyeforeday one and for
and discuss the results of this aspect of the experiment. F60@ daysfollowing day one. Then, we calculated mean values
wing membrane and blood, we predicted tB&#IN would  for the period before day one and following day one. The
increase due to the replacement of light with heavy nitrogechange in isotopic composition of diets equalled 8.8%b
isotopes from external sources. Secondly, we predicted that ther both species L{ curasoae diet 1=4.1%o 35N, diet
loss of body mass would lead to an overestimate of half-lif@=13.0%.5!°N; G. soricina diet 1=4.3%DN, diet 2=13.2%o
because light nitrogen isotopes from internal sources (bodj:°N).
substance) mix with heavy nitrogen isotopes from the diet. At the end of the first week and during each subsequent
Therefore, the half-life of nitrogen isotopes should be
negatively correlated with losses of body mass. Thirdly, we
predicted that carbon and nitrogen isotope turnover rates wou  1able 1.Nitrogen isotopic composition of the diet before

be correlated within the same tissue if additional fractionatiol (diet 1) and during (diet 2) the experiment
is absent. % Nitrogen S15N (%o)
Type (mean 1s.D.) (mean 1s.0.)
. Diet 1 Alet 2.38 6.4%F
Materials and methods ° Hoengy b b

Details of the experiment are described in Voigt et al Nektar Plus 0.31+0.12 —0.85+0.68
(2003b). We transferred XBlossophaga soricinRallas (three Pollen 3.20+0.42 1.84+1.67
males and seven non-reproductive females) and 1 Banana 0.58 -0.04
Leptonycteris curasoa#liller (seven males and three non-
reproductive females) (Phyllostomidae: Glossophaginae) frorPiet 2 Cane sugar 0.67 13.54
a captive breeding colony maintained in greenhouse facilitie gom syrup O-OZJ—'O-OZ 10-501’2-85

niversity of Erlangen-Nurnberg into two indoor fligh gave syrup

at the University o ange urnberg into two indoor flight Opuntia fruits 0.71+0.03 5.47+0.05

enclosures (4nx3 mx3.5m). For individual identification, we
banded all bat.s with coloured and numbered pIaSt'(,: *?a”ds ' asingle measurementbamounts of N were insufficient for

the forearm (size XL fok. curasoaeand XCL forG. soricing measurements.

A.C. Hughes, Hampton Hill, UK). The two groups were Alete, honey and Nektar Plus were the three main food sources
maintained over a period of days with food providedd  during the initial week prior to the diet switch. In diet 1, food was
libitum at three artificial feeders. Room temperature was Sesupplemented by small amounts of pollen and banana. Cane sugar,
constant to approximately 23°C, the ambient humidity to 70%corn syrup and agave syrup were the three main food sources starting
and the light:dark regime to 1212h. The bats were from day one of the experiment. In diet 2, food was supplemented by
habituated to the enclosure over a one-week period and fémall amounts of opuntia fruits. Minor food sources are in italic.
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1A Leptonycteris curasoae B Glossofhaga soricina

piet1 ]| il
Diet 2 1 -}—m} 1 O%HF

Fig. 1. Nitrogen isotope ratiosS¥N; %o) of the two

diets and in wing membrane and blood ofwingmembrare - %[ID—{ 1 [ID
Leptonycteris curasoa@) and Glossophaga soricina
(B) equilibrated to diet 1. Data are given as box plots i |
. . BI
with the border of the boxes representing the 25 and ood m }—m

75 percentiles, the T-mark the 10 and 90 percentiles
and the outermost points the 5 and 95 percentiles. The ‘ ‘ ‘ ‘ ‘ T ‘ ‘ ‘ ‘ ‘
thick line within the box indicates the mean, and the 4 6 8 _10 12 14 4 6 8 10 12 14
thin line indicates the median. Nitrogen isotope ratio 815N (%o)

sampling event (in two-week intervals), bats were weighed tgapresents the asymptoBit®N value for the tissue equilibrated
an accuracy of 0.0d (electronic balance, Mettler PM-100) and oy 4 G/CAM-diet, b equals the overall change in isotope ratio,
two types of samples were taken from each bat. We took tWojs the turnover rate of nitrogen isotopes in the tissuesyand
tissue samples from the wing membrane using a stemim3 s the mean nitrogen isotope ratio in the tissue at tinfer
diameter biopsy punch. Next, we drew approximatelul38f  reasons of simplicity, we refer tas the regression coefficient
blood from the animals by puncturing the propatagial vein with the exponential model. We assumed that the different tissues
a small sterile needle. All samples were placed into Eppendoghyilibrate to an isotope ratio that is equal to the baseline value
tubes, labelled and transferred immediately into a drying oveny day one plus the difference in isotope enrichment between
where they were dried to constant mass at 60°C. Subsequentiye two diets. Estimation af was performed on an iterative
samples were stored in a refrigerator below 0°C. After thasis starting with a value of 0.05. To estimate the half-life of
change in diets, we captured the bats and tookd-Bbod  pjtrogen isotopes, we calculatedo using the following
and a small piece of wing membrane at the end of the SeCO’Ehuationiso:Ioge(O.S)/c, with tso representing the time in days
fourth, sixth and eighth week. To remove externaliy which half of the nitrogen isotopes were exchanged in the
contaminants from the skin, we washed the samples with @rresponding tissue, legepresenting the natural logarithm
chloroform:methanol solvent (1:1; Voigt et al., 2003b). and 0.5 representing the exchange of 50% isotopes. Some
. . . tissue and blood samples contained amounts of nitrogen that
Sample analysis and conversion to &mtation were insufficient for mass spectrometer analysis. Therefore,
Samples were combusted and the resultant gasean® e excluded the estimated regression coefficients of these
CQO) were sequentially measured in a CE 1110 element@hgividuals from further analysis (one blood and wing

analyzer connecteda a continuous flow system to a Thermo jembrane sample df. curasoaeand two blood and wing
Finnigan Delta Plus isotope ratio mass spectrometer (Brememembrane samples &. soricing.

Germany). The sample isotope ratios were compared with
international gas standards (USGS-24 and IAEA-N1). Possible effect of body mass changes on regression
Accuracy was greater than +0.1%.0§1 Isotope ratios are coefficients
expressed in thd notation in parts per thousands (%o) using To evaluate a possible influence of the loss of body mass on
the following equation: the estimates d#o, we calculated exponential exchange curves
_ for nitrogen isotopes on an individual basis. We then tested
SEN ={[(PNFMN)sampid/[(*N/HN)standarg— 1} ¥ 10° whethergthe half-FI)ife of nitrogen in individual tissues was
We used the nitrogen isotope ratio of the atmosphere as tberrelated with the change in body mass. We predicted that the
standard. half-life of nitrogen isotopes decreases with loss of body mass.
o ) o The level of significance was Bonferroni-corrected to 2.5%,
Statistical analysis and curve estimation because two data sets were tested in each individual. Mean
To test for differences in mean isotope enrichments betwearalues + 1s.p. are expressed. Unless stated otherwise, two-
tissues, we performed a one-way analysis of variancgiled tests were performed. For all statistical analysis and
(ANOVA). We ranpost-hocTukey HSD tests to make pair- regression models we used SPSS (version 9.0).
wise comparisons to evaluate differences in mean values. We
calculated mean values of isotopic composition for all sample
periods. In theory, changes in isotopic composition should Results
follow an exponential curve (e.g. Tieszen et al., 1983). Hence, The difference id>N enrichment between the initial diet and
equations of the typg=a+bxe®t were fitted to thed!>N data  blood equalled 3.0%o. ih. curasoaeand 3.2%o inG. soricina
from each tissue and each bat species. In this equation,(Fig. 1). Wing membrane was even more enrichetlihthan



1744 C. C. Voigt and F. Matt

26 1 Table 2.Spearman rank correlation coefficients for the
1 relationship betweetso based on nitrogen isotopes and loss
24 ] of body mass iheptonycteris curasogeC) and
= 221 Glossophaga soricin&S)
g 20 1 Sample type rs P
= Blood LC -0.42 0.30
2 Wing membrane LC -0.19 0.62
g 12 Blood GS 0.20 0.30
111 Wing membrane GS 0.02 0.83
10 |
9~W Neither inL. curasoaenor in G. soricinawas the estimatetho
81 value significantly related to the loss of body mass.

0 10 20 30 40 50 60
Time after changein diet (days) Table 3.Spearman rank correlation coefficients for the

Fig.2. Mean changes in body mass (sb.) of Leptonycteris relationship betweetso based on carbon isotopes aisd
curasoae(solid circles) andGlossophaga soricindopen circles) based on nitrogen isotopeslieptonycteris curasodéeC)
during the experiment. Linear regressions were calculated over mean and Glossophaga soricin&S)
values for each species (solid lines). On average, both species lost
8% of their body mass during the experiment. Sample type r's P

Blood LC 0.18 0.63

Wing membrane LC 0.25 0.48
the diet by 4.7%. irL. curasoaeand 4.0%o inG. soricina The \?J?nogdrS:mbrane Gs _0(‘)084 03?983

differences in enrichment of5N between tissues were
significant for L. curasoae (one-way ANOVA: F11=10, Neither inL. curasoaenor in G. soricinawere the twaso values
P=0.006) but not folG. soricina(F1,16=1.55,P=0.23). derived for the same tissue significantly correlated.

Data on nutritional intake are reported in Voigt et al. (2003b’
and repeated briefly here for reasons of completeness. Tl
nutritional intake of the bats remained constant throughout th
experiment. On average, individuals lof curasoaeingested  nitrogen exchange curves of individual bats and consequently
20.3+2.9mlday? and those of G. soricina ingested also thetsp values were not affected by body mass losses
19.2+1.8mldayl. The mean initial body mass equalled (Fig.4; Table2). Additionally, within the same tissue of the
23.6x£2.1g in L. curasoaeand 10.2+0.9 in G. soricina  same individual, the corresponding pairs of turnover rates and
(Fig. 2). Both species lost on average 8% of their initial bodytsg values, respectively, were not significantly correlated with
mass during the course of the experiment. each other (Tab!a).

After switching the diet to plant products with higld&N
values, the enrichment 88N increased significantly in both _ _
tissues (Fig3). At the end of the experiment at day 60, none Discussion
of the tissues was equilibrated to the expected point of nitrogen Enzymatic and physical processes differentiate between
isotopic enrichment (first numerical in the exponentialisotopes of an element and this leads to an enrichment of
regression equation plotted in the graphs). The nitrogen isotopeavy isotopes in organisms relative to their diet (e.g. DeNiro
turnover was estimated as 8@dys in wing membrane and and Epstein, 1978, 1981; review in Vanderklift and Ponsard,
514days in blood fol. curasoagor 329days in wing tissue 2003). In the present study, the enrichment%f between
and 274days in blood foiG. soricina(see Fig3). Estimates diet and wing membrane or diet and blood ranged from 3.0%o
of tso that were based on nitrogen isotopes were significantlio 4.7%., and samples from wing membrane were more
higher than estimates that were based on carbon isotopesriched in'>N than were samples from blood. The average
(Wilcoxon signed-rank test. curasoaeblood, T=0, N=10, fractionation of nitrogen isotopes in bat blood equalled 3.1%o,
P<0.05; wing membraneT=7, N=10, P<0.05; G. soricina  which was almost identical to the average value described for
blood, T=3, N=10, P<0.05; wing membraneT=0, N=10,  mammals (~3.0%. in Vanderklift and Ponsard, 2003). The
P<0.05; carbon isotope data from Voigt et al., 2003b)enrichment of nitrogen isotopes between wing membrane and
According to Levene’s test, the variances of estimated halfliet averaged 4.4%. for the two study species, and no data are
lifes were significantly higher for nitrogen isotopes than forcurrently available for comparison. Compared with the
carbon isotoped ( curasoaébloodF1,16=15.2,P=0.001; wing  average fractionation of carbon isotopes in the same tissue,
membraneF1,16=6.5, P=0.02; G. soricinablood F1,16=14.0, 15N was enriched twice as much ¥€ in the same tissue
P<0.001; wing membranE1 1g=9.1, P<0.007; carbon isotope (Voigt et al., 2003b). This is consistent with findings of other
data from Voigt et al., 2003b). The regression coefficients chuthors who report a twofold difference in the fractionation
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A Bloodin L. curasoae B Bloodin G. soiicina _
107 y=16.12 8goxe0003ar)y
r2=0.60, P<0.025 -7
94 t50:514 dayS /// 4

& ]
& y=16.40-8.86xe(-0.00253x1)
s} i r2=0.84, P<0.025
2 61 1 t50=274 days
. . . . . @© r r r r T T ] T T T T T
Fig.3. Changes in nitrogen isotope ratiog
(3¥N; %o) in two tissues ofLeptonycteris & _ _ .
curasoae (A,C) and Glossophaga soricina Q C Wing membranein L. curasoae D Wing membranein G. soncina.-
(B,D) after the diet was changed at day one tg 111 - 1 7
plant products with a nitrogen isotope ratio® -7

that was more enriched #N by ~9%. 815N 10 1
than the initial diet; mean values (isb.) for
blood are shown in A and B (open circles) 9

and those for wing membrane in C and D

Nitr

(filled circles). Exponential regression 3 1
functions were fitted to the data sets (solid
line; see equations in the corresponding - | y=17.70-8.86xe(-0.000844) | y=17.22-8.86xe(-0.00210x)
graphs). Broken lines give the expected r2=0.83, P<0.025 r2=0.85, P<0.025
regression lines calculated with the | t50=821 days | t50=329 days
corresponding regression coefficients derived . . . . . . ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
from the carbon isotope data set (Voigt et al., 0 10 20 30 40 50 60 0 10 20 30 40 50 60
2003b). Time after changein diet (days)
25007 A Bloodin L. curasoae 25007 B Bjoodin G. soicina
20001 e 2000+
° [ ]

~ 1500 1500

2 °

T

T 10004 1000+

B ° °

el [ ]

9] ] ° 1 o

é 500 ) .. 500 . . o
Fig.4. Relationship between 5 01 o °8 °©% o o© 01 ° ° @ o oo &o
the estimated half-life of &
isotopes in blood (A,B) and &
wing membrane (C,D) (filled E
; . . ) 5 . .
ﬁliﬁlii né:?t?c?nn Eﬁﬁgﬁii Oﬁ;g 19901 C Wing membanein L. curasoae 19997 D Wing mempranein G. soicina
from Voigt et al., 2003b). The % 8001 8001 o
estimated half-life of nitrogen 5
isotopes was not significantly % 6001 6001 °
correlated with body mass loss £ °

=R [}
(Table2). The .sample volume E 4004 400+
was too small in some cases to ° °
measure the nitrogen isotope o L ° .
ratio. Thus, we could not 200+ o - . 200 ° ° o
calculate individualtso values * ©°g ° © o o ® o ©° oo
for these individuals (one data 0 ‘ ‘ ‘ ‘ : ) 0 ‘ ‘ : : ‘
point in A and C; two data -5 -4 -3 -2 -1 0 25 20 -15 -10 -05 0

points in B and D). Changesn body mass(g)
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effect of carbon and nitrogen isotopes (e.g. Mizutani et al1.0mg nitrogen from protein catabolism and 2mBg@ from
1992). sugar water. Both simulations do not take into account that bats
During the experiment, individuals of both species ingestedupplemented their diet with small amounts of nitrogen-rich
approximately 19nl sugar water each day, which is similar to opuntia fruits. Therefore, the estimates of available nitrogen
their daily food intake in similar experimental setups (e.gare probably underestimated. Nonetheless, does this simulation
Voigt, 2003; Voigt et al., 2003a). The amount of ingested sugamphasize that (1) the nitrogen requirements of the bats
water did not change over time (Voigt et al., 2003b). Both facté~-13—17mgday; Howell, 1974) were not met during the
argue against a situation of energetic malnutritionexperiment although mobilized body reserves provided
Nonetheless, almost all bats lost body mass during thadditional nitrogen and that (2) more nitrogen was available
experiment, and this loss of body mass could be caused by fiom external sources than from internal sources.
insufficient supply of nitrogen (Tablds2). Our previous In the present study, the mobilization of body reserves may
study showed that the estimates of half-life based on carbdrave influenced the isotopic enrichments within tissues, because
isotopes remained almost constant irrespective of the amounitrogen isotopes of body reserves (internal substrate) with a low
of mobilized body substance (Fi. Voigt et al., 2003b). This 315N ratio mixed with those of the diet (external substrate). If
lack of correlation is probably due to the fact that (1) theboth isotope pools are combined to intermediate level&aiif
amount of carbon from internal sources, i.e. body substance,tise half-life {sg) is overestimated. In agreement with this,
negligible compared with that from dietary sources and (2gstimates were higher than the values based on carbon isotopes
fractionation effects are less pronounced in carbon isotope§:igs3,4). The estimates of blood half-life derived from carbon
The larger portion of nitrogen from internal sources in relationsotopes equalled 12fays inL. curasoaeand 113days inG.
to external sources from a nitrogen-poor diet (TAblenay, soricing and the estimates for wing membrane equalled
however, influence the estimates of nitrogen half-life. In thel34days inL. curasoaeand 102ays inG. soricina Comparing
following paragraph, we will simulate the extent of this effectthese values with those of FRyreveals that the estimates of
Howell (1974) estimated a protein requirement ofturnover rates based on nitrogen isotopes were, on average, two
84-106mg proteinday for L. curasoae Dividing this value to six times higher. Interestingly, the estimates of half-life based
by 6.25 (a standard factor for the conversion of protein t@n nitrogen isotopes (Fig) were approximately twice as high
nitrogen; Kleiber, 1961) yields a nitrogen requirement ofin L. curasoaghan inG. soricina 1.8 times in blood (514/274)
13-17mgnitrogerday?® for L. curasoae The percentage and 2.5 times in wing tissue (821/329). This factor of two could
concentration of nitrogen in the second diet was low (meahe explained by the observation tHat curasoaemobilized
0.07%), but even lower values were found in the nectar of bagpproximately twice as much body reserves ag=didoricina
or bird-pollinated plants; for example, Baker and Baker (1982)1.9g in L. curasoaeand 0.83 G. soricing, while ingesting
measured a mean protein content of 0.04% in dry matter, whicpproximately the same amount of sugar watdb.asoricina
is equivalent to 0.0064% nitrogen in dry nectarcurasoae (~19mldayin both species). Following this, the ratio between
ingested on average 2l day! of 18% (mass/mass) sugar external and internal nitrogen pools differed by a factor of two
water or 3.6@gday?! pure sugar. This is equivalent to an between the study species; in other wotdsurasoaederived
average daily nitrogen uptake of 3$%0.07%=2.52ng twice as much nitrogen isotopes from internal sources than did
nitrogen from sugar water. In addition to the dietary nitrogers. soricina We conclude that mixing effects of nitrogen
uptake, L. curasoae also acquired nitrogen from body isotopes occurred during the experiment. In summary, estimates
substance. We consider two scenarios: (1) all loss of body mast half-life based on nitrogen isotopes were most likely
is due to fat mobilization and (2) all loss of body mass is duafluenced by mixing effects, whereas those based on carbon
to protein catabolism. isotopes were not influenced by loss of body mass because the
Body fat contains ~20% water and therefore mobilization ohmount of mobilized carbon from internal sources was small
1.9g body mass in €0ays equals 1.§ fat. According to compared with the amount of carbon from external sources
Kleiber (1961), dry fat consists of 7% protein or 7/6.25=1.1%\Voigt et al., 2003b).
nitrogen. Mobilization of 1.9 fat released In contrast to our expectation, the estimategothat were
1.59%x0.011%=0.016% nitrogen in 6@ays, or based on nitrogen isotopes did not correlate with losses of body
0.28mgnitrogerday . Thus, individualL. curasoaehad a mass (Tabl®). A possible explanation for this finding is that
total amount of 2.82ng nitrogen available per day: (8  simultaneous fractionation effects, as described for example in
nitrogen from fat mobilization and 2.5y nitrogen from birds (Hatch et al., 1995), obscured the true turnover rates.
sugar water. Several authors have suggested that the fractionation of nitrogen
Protein consists of 16% nitrogen (Kleiber, 1961). As nonisotopes most likely occurs during the deamination and
fat body substance consists of 70% water in nectar-feeding batansamination of amino acids (e.g. Gaebler et al., 1966;
(Voigt et al., 2003a).L. curasoaecatabolized ~0.3§ of  Minagawa and Wada, 1984). Enzymatic processes necessary for
protein dry matter in 6@ays. According to this, bats mobilized homeostasis may then lead to even higher enrichments of heavy
0.0608g nitrogen in 6Qays, which is equivalent to nitrogen within tissues. Hobson and Clark (1992) proposed that
1.0mg nitrogerday . Under the second scenario,curasoae  “nutritional stress cause[d] substantial increases in diet-tissue
had a total amount of 3.38g nitrogen available per day: fractionation values due either to: (1) mobilization and
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redeposition of proteins elsewhere in the body; or (2) amino acigreparing the samples for isotope analysis and to Dr Michael
composition changes in tisstiesollowing this argument, one Joachimski for the analysis in the Stable Isotope Laboratory
could expecB!®N in mobilized organic molecules to be higher of the Department of Geology at the University of Erlangen-

in comparison with the initial state of the organic molecules ilNUrnberg. We thank Otto von Helversen for permission to use
the body reserves. Hatch et al. (1995), for example, found thhts facilities and to work with the captive colony of bats. We

chicks kept under a restricted food regime grew less and hadso thank Monika Otter for maintaining the captive colony of

higher 813C values in tissues than chicks fad libitum This  bats. We are grateful to Sylvia Ortmann and Katja Rex for
effect of additional fractionation should be even morevaluable discussion. This study was partly financed by the
pronounced in nitrogen isotopes because nitrogen isotop&eutsche Forschungsgemeinschaft (FOR 402).

fractionate to a larger extent than carbon isotopes (present study;
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