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BIOMARKER TI) lDENTlFY PREDATORS 495 

Using iophenoxic acid injections of prey 
to identifv mammals that feed on them 

Frederick F: Knowlton and Stanley R. Olmstead 

Abstract Identifying species or individuals that feed upon other species of animals is  an important 
aspect of some predation studies. We evaluated the effectiveness with which the biomark 
associated with iophenoxic acid (IA) injections was transferred from domestic goats to 
coyotes (Canis latrans) that fed on them. We injected doses of 100, 300, or 1,000 mg of 
IA into goats to raise serum iodine levels, fed meat from the injected goats to coyotes, and 
monitored serum iodine levels in both species for about I 2 0  days. Within 3 days, mean 
serum iodine levels in goats increased from 5.33 mcg/I 00 ml to over 2,847, 10,233, and 
11,567 mcg/100 ml, respectively, for the 100-, 300-, and 1,000-mg IA treatments. A 
gradual dissipation of serum iodine concentrations in the goats ensued, approaching 
mean levels of 943, 3/21 3, and 6,310 mcg/100 ml of serum by day 120. When we fed 
coyotes (2ltreatment) 500 g of meat from IA-treated goats, mean serum iodine levels 
among the coyotes increased within 2 days from 8 mcg/100 ml to 194, 410, and 645 
mcg/100 ml of serum respectively for the 3 treatments. Mean serum iodine concentra- 
tions among these coyotes then declined systematically to 30, 45, and 82 mcg/1 00 ml of 
serum 11 2 days after ingestion. When we fed coyotes 500 g of meat from goats slaugh- 
tered 120 days after they had been injected with IA, mean serum iodine levels increased 
from base levels (8 mcg/100 ml of serum) to 69, 242, and 526 mcg/100 ml respectively 
for the loo-, 300-, and 1,000-mg treatments. We concluded that we were able to detect 
coyotes that fed on marked goats any time during a 120-day period after the goats were 
treated. Nonlinear regression analysis suggested a relation between levels of serum 
iodine achieved and IA dose rate (mg/kg) received by the goats, with iodine levels reach- 
ing saturation with intramuscular injections of 25-30 mg/kg IA. 

Key words biomarker, Canis latrans, coyote, goat, iophenoxic acid, physiologic marker, predation 

For some studies of predation, it is important to 
identlfy species, or individuals of a species, that 
feed on a prey species of interest. In such cases, a 
long-term systemic marker of soft tissues that can 
be transferred from one species to another, prefer- 
ably via a single feeding, is desirable (Windberg et 
al. 1997). Several long-term physiologic marking 
agents are available for wild species, including 
radioisotopes (Pelton and Marcum 1975, Knowlton 

et al. 1989, Chamberlain et al. 1997), tetracycline 
(Linhart and Kennelly 1967, Taylor and Lee 1994, 
Van Brackle et a1 1994), and rhodamine B (Lindsey 
1983, Knowlton et al. 1988, Fisher 1999). Most of 
these, however, do not meet all essential character- 
istics sometimes required. In contrast, iophenoxic 
acid @A), which has been used in human medicine 
as an x-ray diagnostic material (Shapiro and Man 
1960) and causes a long-term elevation of serum 
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iodine levels in most carnivores (Larson et al. 1981, 
Baer et al. 1985, Saunders et al. 1993, White et al. 
1995), is a likely candidate because it is effective 
when used orally, creates a persistent mark, is dis- 
tributed throughout vascularized body tissues, can 
be assayed in serum samples, and is benign in living 
animals (Eason and Batchelor 1991). In this study, 
we assessed persistence of elevated blood iodine 
levels in goats injected with IA, evaluated transfer 
of this mark from goats to coyotes (Canis latrans) 
fed a single meal of marked goat flesh, and quanti- 
fied persistence of the mark (elevated levels of 
serum iodine) in coyotes. 

Methods 
We conducted this study between August 1989 

and February 1990 at the United States Department 
of Agriculture's Predator Research Facility near Mil- 
lville, Utah. We used 15 captive coyotes from that 
facility and 12 Angora goats acquired from com- 
mercial sources. Throughout the study, goats were 
pastured as a single flock and maintained by graz- 
ing supplemented with alfalfa pellets. Coyotes 
were housed individually in outdoor kennels (1.2 x 
3.7 x 1.8 m) and maintained on a commercial diet 
prepared for the local fur industry (Furbreeders 
Agricultural Cooperative, Logan, Utah). Water was 
available a d  libitum. 

On the first day of the experiment, we weighed 
all goats, took pre-treatment blood samples from 
the jugular vein, stratified goats into groups of 4 by 
weight, and randomly assigned goats within each 
weight group to one of 3 treatments. We dissolved 
the IA in absolute ethanol and diluted it with 
propylene glycol so each ml contained a quarter of 
the appropriate dose of LA. We gave each goat with- 
in the respective treatments 2 2-ml intramuscular 
injections containing a total of 100, 300, or 1,000 
mg of IA. We subsequently took blood samples 
from goats on days 3, 8, 12, 22, 29, 36,64, 92, and 
120. On days 8 and 120, we selected one goat at 
random from within each group that had received 
IA and slaughtered it with minimal loss of body 
fluid. After carcasses had cooled, they were 
skinned, the digestive tracts removed, the carcasses 
boned, and the flesh ground, homogenized, pack- 
aged, labeled, and refrigerated. 

On day 9 we weighed 15 coyotes, took pre-treat- 
ment blood samples from the cephalic or brachial 
veins, stratified coyotes by sex, and assigned each to 
one of 9 treatments. On that day, we fed each coy- 

ote in the first 3 groups, composed of one male and 
one female, one 500-gm feeding of meat from a goat 
that had been treated with 100, 300, or 1,000 mg 
IA, respectively. On day 12 1, we fed each coyote in 
3 other groups (one male and one female each) 500 
g of meat from goats that had been treated with 
100,300, or 1,000 mg IA, respectively, on day 1 and 
killed on day 120. We fed 3 additional coyotes 2 
500-g meals, one each on days 9 and 16, of meat 
from goats treated with 100,300, or 1,000 mg IA on 
day 1. We took blood samples from all coyotes on 
days 11, 16, 18,23,30,37,65,93,and 121. We also 
took blood samples on days 123 and 128 from the 
coyotes fed treated goat meat on day 12 1. 

We allowed blood samples to clot at room tem- 
perature for 3-4 hours. We then centrifuged the 
samples and aspirated the serum into individual 
vials, which were labeled and refrigerated. When 
sampling was complete for all goats and coyotes for 
each specific period, we refrigerated samples with 
cool packs and shipped them in insulated contain- 
ers to Smith-Kline Biological Sciences Laboratories 
in Van Nuys, California, to be assayed for iodine con- 
centrations in the sera. Herein we graphically 
depict the changes noted in serum iodine concen- 
trations over time, as means within the respective 
treatments for each sampling period, and in the text 
as the meansf SE (standard error of the mean). We 
assessed dissipation of the elevated serum iodine 
concentrations by regressing logarithmic values of 
the individual measurements within each treatment 
against days post-treatment. To assess serum iodine 
saturation, we used a nonlinear least squares regres- 
sion (CurveExpert 1.3, Hyams 1997). We fit the 
Michaelis-Mentin resource uptake model (Tilman 
1982), Y =  (aX) / (6 + X), to 3-day post-treatment 
serum iodine levels in goats resulting from intra- 
muscular injections of IA. 

Results 
Serum iodine levels in goats 

Mean serum iodine levels among goats (n = 12) 
before treatment with IA was 5.33k0.42 mcg/100 
ml of serum. Within 2 days following treatment, 
mean serum iodine levels increased dramatically to 
2,847 +_ 504, 10,233 f 853, and 11,567 + 1,093 
mcg/100 ml for the 100-mg, 300-mg, and 1,000-mg 
treatments, respectively (Figure la). Thereafter, 
serum iodine levels declined slowly in a typical pat- 
tern of biological decay (Figure 16). After 120 days, 
serum iodine levels were still notably elevated in all 
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Figure 1 . Mean serum iodine levels in Angora goats over a 120- 
day period following an intramuscular injection of iophenoxic 
acid (IA) at 3 dose levels, expressed in terms of (a) the serum 
concentration and (b) the natural logarithm of the serum con- 
centration. The regression equations associated with dissipa- 
tion of the elevated serum iodine concentration are based upon 
individual measurements. 

treatments, 943 f 190, 3,213 +240, and 6,310f 857 
mcg/100 ml of serum, respectively, for the loo-, 
300-, and 1,000-mg IA treatments. 

At the beginning of the study, individual goats 
weighed between 8.6 and 26.0 kg. Assuming varia- 
tions in weight represent differential dilutions of IA 
among the goats, we compared 3-day post-treat- 
ment serum iodine concentrations against the cal- 
culated IA dose rate (mg/kg). We noted a nonlinear 
pattern (Y = 15,563X/(12.96 +X) of serum iodine 
levels associated with increased dose rates (Figure 
2), with a calculated saturation level (2 x b, Tilman 
1982) of 26 mg/kg. 

Serum iodine levels in coyotes 
Base serum iodine levels among coyotes (n = 15) 

before feeding on IA-treated goat meat was 8.00f 

Iopbenosic acid dose rate (mgntg) 

Figure 2. Serum iodine concentration in Angora goats 3 days 
after receiving an injection of iophenoxic acid, expressed as a 
function of the dose rate (mglkg) and an associated least 
squares regression equation. 

0.42 mcg/lOOml. Two days after eating a single 500- 
g meal of LA-treated goat meat, mean serum iodine 
levels increased to 194f 8.0,410+35.0, and 645545 
mcg/100 ml for 100-mg, 300-mg, and 1,000-mg 
treatments (Figure 3a). Serum iodine levels then 
dissipated systematically (Figure 3b), with mean 
levels declining to 30+ 12,45+5, and 82+4 mcg/100 
ml, respectively, for the 1 00-mg, 300-mg, and 1,000- 
mg treatments on day 121 of the experiment (1 12 
days after coyotes ingested the IA-treated goat 
meat). 

The 9 coyotes not fed IA-treated goat meat until 
day 12 1 also served as a control treatment until day 
121. On days 30,37, and 65, we noted serum iodine 
levels among these animals were elevated to 20-30 
mcg/100ml even though they did not have access 
to IA-treated materials (Figure 4). Serum iodine 
concentrations among these animals returned to 
base levels by the following sample period (day 
93). The mean serum iodine concentrations for 
coyotes on these treatments were elevated on days 
123 and 128 after ingesting a single 500-g meal of 
meat from goats treated with IA on day 1 and 
slaughtered on day 120. We noted means of 69+ 16, 
242 + 14, and 526 + 2 mcg/lOOml, respectively, on 
day 123 for treatments involving 100,300 and 1,000 
mg IA (Figure 4). 

Among coyotes fed 2 500-g meals of treated goat 
meat one week apart (days 9 and 16), we noted an 
initial increase in serum iodine concentrations sim- 
ilar to that in the first trial, followed by a second, 
but much smaller, increase following the second 
feeding (Figure 5). 
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100 mg IA, Y = 5.206 - 0.0164X, R = 0.95 
300 mg IA, Y = 5.843 - 0.0167X, R = 0.96 
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40 mcg/100 ml mark detection threshold 
I 
\ \' 20 mcg/l00 ml mark detection threshold 

Days post treatment 

Figure 3. Mean serum iodine concentrations in coyotes over a 
1 1 2-day period following ingestion of 500 g of meat from goats 
that had been injected with iophenoxic acid (IA) at 3 dose lev- 
els, expressed in terms of (a) the serum concentration and (b) the 
natural logarithm of the serum concentration. The regression 
equations associated with dissipation of the elevated serum 
iodine concentrations are based on individual measurements. 

Discussion 
We demonstrated that the elevated serum iodine 

level associated with an injection of IA can be read- 
ily transferred, by ingestion, from a mammalian her- 
bivore to a mammalian carnivore and provide an 
effective, long-term physiologic "mark" to study car- 
nivore feeding patterns. The slow but systematic 
dissipation of the primary and secondary marks 
also provides a basis to estimate potential longevity 
of such marks. We initially anticipated that a thresh- 
old of 20 mcg of iodine/100 ml serum (2.5 times 
baseline) would be adequate to detect the mark. 
Assuming this value and extrapolating via the 
regression equations (Figure 36) suggest that bio- 
marks in coyotes resulting from eating a single 500- 
g meal from the loo-, 300-, and 1,000-mg treatments 

0 20 40 60 80 100 120 

Days post treatment 

Figure 4. Mean serum iodine concentrations in coyotes used as 
a control treatment, followed on day 121 with a single 500-g 
feeding of meat from goats injected with one of 3 doses of 
iophenoxic acid 120 days earlier. 

to goats could be detected for 134, 170, and 199 
days, respectively. The unexplained elevation in 
serum iodine levels among control animals 
between days 30 and 65 caution against this. To 
avoid unambiguous "marks," we recommend using 
doses that will create a secondary mark at least 5 

1 times greater than base levels at the time the assay 
samples are obtained. In the case of coyotes, a 
more conservative threshold to detect the mark 
would be a serum iodine level of 40 mcg/100 ml. 
Using this threshold of detection would reduce the 
effective duration of marks to 93,129, and 158 days, 
respectively (Figure 3 6). Although decreasing the 
acceptable threshold for recognizing the mark 
increases the working longevity of the mark, it also 

Days post treatment 

Figure 5. Mean serum iodine concentrations among coyotes 
fed 500 g of meat from iophenoxic acid-treated Angora goats (3 
dose levels) on days 9 and 16 (arrows). 
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increases risks associated with properly identrfying 
the presence or absence of the mark. 

Subsequent to our study, Stoddart and Olmstead 
(1992) demonstrated that the elevated serum 
iodine levels we noted between days 30 and 65 
among non-LA-treated animals were likely related to 
a seasonal ingredient or additive in the "fur industry 
diet" upon which animals were maintained, and not 
with some seasonal physiologic function among 
coyotes. The year following our study, they 
acquired a stock of the "fur industry diet" in mid- 
summer and froze it. They then fed one group of 
coyotes from the frozen stock and a second group 
on fresh supplies of the diet obtained 3 times week- 
ly from the distributor. Serum iodine levels of coy- 
otes fed the frozen stock did not become elevated, 
whereas those fed from fresh supplies of the diet 
displayed a rise in serum iodine concentrations 
comparable, in date and degree, to what we 
observed. This suggests a seasonal component of 
the diet caused the elevated serum iodine levels. 
This "dietary mark" disappeared quickly without 
the systematic decline we noted for an IA mark. We 
obtained ingredient records from the food distribu- 
tor but were unable to ascertain the specific cause 
of the elevated serum iodine levels. ~esolution of 
this issue might permit reducing the threshold for 
identrfying the mark and thus potentially extend 
the useful working duration of the mark. 

Several aspects of dosing are relevant. ~ifferential 
dose responses and mark deterioration rates are 
apparent among species (Larson et al. 1981, Baer et 
al. 1985, White et al. 1995), suggesting a need to test 
intensity and persistence of marks when contem- 
plating applications for other species. This would be 
particularly important if transfer of the mark from 
one species to another is planned because IA uptake 
may differ. While IA elevates serum iodine levels in 
many carnivores and some ungulates, it apparently 
does not do so among some avian species (Larson et 
al. 1981). Our dose-response data suggested LA satu- 
ration in Angora goats occurs at about 26 mg/kg. 
Dosing above this level may not appreciably increase 
intensity or duration of the mark. On the other 
hand, the slow but predictable deterioration of the 
mark should facilitate calculations to estimate doses 
required to meet objectives associated with specific 
studies. Incorporating IA into a slow-release matrix 
might provide another means of maintaining high 
levels among primary subjects. 

Because IA elevates protein-bound iodine in 
serum (Baer et al. 1985), transfer of the mark to 

mammalian carnivores presumably could result 
from consuming of any blood-bearing tissue. Our 
use of blood to sample seemingly corroborates this 
interpretation. Whether the intensity of a second- 
ary mark (degree to which serum iodine concen- 
trations are elevated) might be differentially associ- 
ated with ingestion of various body tissues remains 
to be tested. 

Subsequent to our study, Windberg et al. (1997) 
used IA injections to estimate the proportion of a 
coyote population that fed on a flock of domestic 
goats and to determine whether specific segments 
of the coyote population were involved. While they 
were able to discern whether specific coyotes fed 
on the goats, they could not identlfy which coyotes 
killed the goats. Similarly, because parameters of 
dose and time were confounded, these authors 
were unable to calculate how much goat meat indi- 
vidual coyotes consumed. A more sophisticated 
study design would be required to determine the 
latter. 

Pentachlorobenze, another long-term physiologi- 
cal marking agent (Kimball et al. 1996), may be an 
alternative biomarker meeting the requirements for 
similar predation-related studies. However, addi- 
tional aspects associated with creating and trans- 
ferring the biomark from one species to another 
need to be assessed as well as the physical distri- 
bution of the mark within the body of the primary 
species. 

Conclusions 
Iophenoxic acid, which causes significant eleva- 

tions in serum iodine levels, can be used as a long- 
term biomarker that transfers effectively from one 
mammal to another through ingestion. This tech- 
nique may not work among avian species. Among 
mammals, isltensity of the mark is directly depend- 
ent on dose rate, but a saturation affect may 
become relevant at greater dose rates. ~lthough 

systematic dissipation of the elevated serum iodine 
levels provides a mechanism to assess the amount 
of IA acquired or the time period in which it was 
acquired, these 2 parameters are co~ounded.  
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