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ABSTUACT: Oil fields in the southern San Joaquin Valley of California havebeen identikd as important habitat for the 
federally-designated endangered San Joaquin kit fox (Vulpes macmtis mutica). However, the potential effects of oil 
field-related contamhmts on kit foxes have not been evaluated From 1992 to 1993 we collectedblood samples from kit 
foxes inhabiting the Midway-Sunset oil field and from kit foxes inhabiting a reference site, the undeveloped Lokem 
Natural Area (Kern County, California), for hematology and senun chemistry analysis. We also collected tissue samples 
from deer mice (Peromyscus maniculatus), one of their prey species, for histologic analysis. A significantly higher 
proportion of kit foxes from the oil field had circulating immature red blood cells than foxes from the undeveloped 
reference area. A signiscantly higher proportion of deer mice fiom the oil field exhibited extramedullary hematopoiesis 
and adrenocortical vacuolation than deer mice inhabitmg the undeveloped reference area. We conclude that kit foxes 
and deer mice inhabiting oil fields may be exposed to conditions that lead to potentially pathologic changes, although 
other factors unrelated to the oil field environment must also be considered. The potential detrimental effects uf oil field 
exposure a terrestrial wildlife should be considered in the recovery planning process given the importance of oil fields 
as habitat for the endangered San Joaquin kit fox. 
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The San Joaquin kit fox (Vulpes macmtis mutica) has 
been federa@ designated as an endangered species since 
1 %6 (Federal Regtster 32:4001). It is found primarily in 
the southern San Joaquin Valley of California where loss 
of habitat to agricultural, urban, and industrial develop 
ment has contributed to its endangered status. However, 
unlike intensive agricultural or urban developments, pe- 
troleum development often retains enough suitable habi- 
tat to support kit fox populations (California Energy Com- 
mission 19%). Several petroleum production areas have 
been idenaed as important kit fox habitat, and evaluat- 
ing the effects of petroleum-related contaminants in kit 
foxes hasbeen identified as a research goal of San Joaquin 
kit fox recovery (United States Fish and W~ldlifk Service 
1989). 

Crude oil contains many organic and inorganic com- 
ponents that are known to be toxic to animals. In addi- 
tion, several toxic compounds are used in the petroleum 
extraction process (Rakall et al. 1982, Seiler et al. 1988, 
Edwards 1991). Potential routes of exposure to oil field 
con taminants include inhalation of volatile substances 
or soil particulates, consumption of wastewater, inciden- 

tal soil ingestion, ingestion of plants, prey, or debris that 
may contain toxic substances, and dermal contact. The 
fact that both kit foxes and deer mice are burrowing ani- 
mals with intimate contact with soil may mahe them more 
e b l e  to oil field contaminants. 

Changes in serum chemistry and hematology values 
have been reported in several wildlife species after acute 
orchronic~tocru&oil(Enge&udt 1981,Leighton 
et al. 1983, W m  1990). Exposure to crude oil bas also 
been associated with the histologic lesions in wildlife 
(Peakall et al. 1980, Engelhardt 1983, Fry andLowenstine 
1985, Lipscomb et al. 1993). However, most reports are of 
marine mammals or birds that were either victims of an oil 
spill or were otherwise acutely exposed to crude oil. Haz- 
ards of oil field wastes to domestic livestock have been 
described (Edwards 1989), but little information is avail- 
able on the effects of low-level chronic exposure of ter- 
restrial wild& to oil field pollurants (McBee and Biclunan 
1988). 

The purpose of this study was to identify potential 
pathologic changes in kit foxes and one of their prey 
species, deer mice (Peromyscus maniculatus), which may 
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be related to inhabiting an oil field environment. The 
specific objectives were to determine whether differences 
in kit fox hematology, k t  fox serum chemistry, and deer 
mouse histology could be detected between populations 
inhabiting an oil field and those inhabiting an undevel- 
oped reference area. 

STUDY AREA 
The Midway-Sunset oil field is located approximately 

9 lan north of Taft, California (Kern County; 35"08'N, 
1 1927'W). S h c e  dishdmce of the approximately 20- 
lanZ study area was >70%. Disturbance consisted of oil 
pump platforms, power generation facilities, pipe and 
steam lines, graded areas and cut banks, and other oil- 
related structures and roads. There was an average of 
243 oil pumps per km2. Kit fox density was estimated to 
be 0.6 foxes/km2. The undeveloped reference area was 
approxmakly 32 lanZ and located within the Lokern Natu- 
ral Area, approximately 5 lan east of Buttonwillow, Cali- 
fornia (Kem County, 35"24'N, 1 lP28'W). Su&m distur- 
bance was limited to mpaved, lnfiequently used roads 
and the California Aqueduct along the northern border. 
Kit fox density was estimated to be 1.2 foxes/km2. Veg- 
etation at both sites consisted mainly of saltbush scrub 
(Atriplex spp.) and non-native annual grasses (Bromus 
spp.) (California Energy Commission 1996). 

METHODS 
Blood was collected k m  mesthetized adult foxes 

that were live-trapped in box traps (Tomahawk Live Trap 
Co., Tomahawk, Wwonsin, USA) for radiotelemetry stud- 
ies fiom May 1992 to January 1993. Animals were re- 
moved fiom traps and sampled within 1-2 hours of sun- 
rise at both sites. Samples were collected fiom 10 foxes (5 
males, 5 females) inhabiting the oil field and h m  1 1 foxes 
(6 males, 5 females) inhabiting the reference area. A p  
proximately 10 ml ofblood were obtained k m  each fox 
via jugular venipuncture and mailed overnight to a com- 
mercial veterinary diagnostic laboratory (Consolidated 
Wrinary Diagnostics, Sacramento, California, USA) for 
hematology and serum chemistry analysis. 

Hematological variables measured were red blood cell 
(TU3C) count, hemoglobin, hematocrit, mean corpuscular 
volume, mean corpuscular hemoglobin, mean corpuscu- 
lar hemoglobin concentratioq white blood cell count, and 
white bloodcell differential count. RBC morphology was 
also recorded Serum chemistry variables measured were 
alkaline phosphatase, alanine aminotransferase, aspar- 
tate aminotransferase, creatinine kinase, total protein, al- 
bumin, globulin, total bilimbii indirect bilirubin, blood 
urea nitrogen, creatinine, cholesterol, glucose, calcium, 
phosphorous, bicarbonate, chloride, potassium, and so- 
dium. Laboratory personnel performing the hematology 

and serum chemistry analyses did not know whether 
foxes were fiom the oil field or the reference area. Kit fox 
hematology and serum chemistry results were analyzed 
using the Mann-Whitney test and Fisher's exact test (Zar 
1984). A P-value of g . 0 5  was considered significant for 
both tests. 

Twelve adult deer mice (4 males, 8 females) fiom the oil 
field and 8 adult deer mice (2 males, 6 females) k m  the 
reference area were live-trapped (H. B. Sherman Traps, 
Tallahassee, Florida, USA) in September 1992. Captured 
deer mice were transported to nearby laboratory facilities 
where thqr~ere e l&U&dv iace~d  dislo~ati~nwithin 
24 hours of capture. Livers, spleens, kidneys, adrenal 
glands, hearts, lungs, and brains were collected at the 
time of death and fixed in 10% phosphate-buffered for- 
malin. Fixed tissues were routinely processed, embed- 
ded in parafk, cut into 5pm thick sections, and stained 
with Mayer 's hematoxylin and eosin Tissues were exam- 
ined by a veterinary pathologist who was unaware of 
where the animals were collected. Prevalence of histo- 
logic lesions in the 2 populations were compared using 
the 2-tailed Fisher's exact test (Zar 1984) with a P-value of 
< 0.05 considered significant. Prevalence was defined as - 
the number of individuals with a specific lesion or abnor- 
mality divided by the total number of those individuals 
examined. Blood samples were not collected fiom deer 
mice. 

RESULTS 
Five of 10 (3 male, 2 female) k t  foxes k m  the oil field 

had polychromatic RBCs and an additional k t  fox had 
circulating nucleated RBCs. A single k t  fox (111 1) fhm 
the reference area was reported to have polychromatic 
RBCs. Significady more foxes firm the oil field had ply- 
chromatic or nucleated circulating RBCs (P = 0.021). No 
sigmlicant differences were detected between the two 
populations for any remaining hematological or serum 
chemistry values. 

No gross lesions were noted in any of the deer mice at 
necropsyopsy Extramechrllary hematapoiesis (EMH) was 
found in 6112 (2 male, 4 female) deer mice fhm the oil field 
and in Of8 deer mice fhm the reference area Ofthe 6 deer 
mice in which EMH was present, 2 exhibitedEMH in the 
liver only, 1 in the spleen only, and 3 in the liver, spleen, 
and mesenteric fat. The degree of EMH was slight to 
moderate when present. The prevalence of EMH was 
significantly higher in deer mice inhabiting the oil field (P 
= 0.024). 

Cortical vacuolation of the adrenal gland was seen in 
519 (2 male, 3 female) mice from the oil field and in 016 mice 
from the natural area. Adrenocortical vacuolation in- 
volved only the zona fasciculata in 315 deer mice and 
both the zona fmciculata and the zona reticularis in 215 
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deer mice. The prevalence of adrenocortical vacuolation 
was sipficantly higher in deer mice inhabiting the oil 
field (P = 0.042). 

Several additional incidental histologic findings were 
seen in mice from both populations. Mild to severe 
centrilobular to generalized vacuolation of hepatocytes 
was present in 1 1/12 deer mice from the oil field and 618 
deer mice from the natural area. These vacuoles were 
characterized by irregular borders and fine cytoplasmic 
septae. Pulmonary emphysema was noted in 911 1 deer 
mice from the oil field and 518 deer mice from the natural 
area. Lymphoid hyperplasia of the spleen was noted in 
1011 1 deer mice from the oil field and 518 deer mice from 
the natural area. None of these differences were statisti- 
cally significant (P > 0.05). 

DISCUSSION 
Polychromatic or nucleated RBCs were present in 

>5O% oftbe foxes from the oil field and -40% ofthe foxes 
fiom the reference area. Polychromasia is usually c h m o  
teristic of immature RBCs released prematurely from the 
bone marrow into the peripheral circulation in response 
to tissue hypoxia. In extreme cases of tissue hypoxia, 
nucleated RBCs may also be released. This occurs as a 
result of decmmd production or increased destruction 
or loss of RBCs (Meyer and Harvey 1998). 

hematopoiesis @MHJ was present in a 
significantly higher proportion of deer mice inhabiting 
the oil field While 50% of deer mice from the oil field 
exhibited Eh4H, no deer mice from the natural area exhib 
itedEMH In most mammalian species, EHM occurs when 
normal bone marrow hematopoiesis cannot produce 
enough RBCs to meet the animal's oxygen transport de- 
mands (Cottan et al. 1994). 1mp;ured hemoglobin or en- 
zyme function can also result in failed oxygen transport 
and subsequent hypoxia (Cotran et al. 1994). In response 
to tissue hypoxia, EMH produces more RBCs and thus 
provides adequate oxygen delivery to tissues. 
In laboratory mice (Mus nzusculus) and to a lesser de- 

gree in laboratory rats (Rams rattus), splenic hemate 
poiesis is considered normal (Percy and Barthold 1993). 
It is not known whether EMH is normal in deer mice. 
However, given the signiscantly higher proportion of oil 
fieldexposed deer mice that exhibited EMH in this study, 
these findings suggest that the EMH may be related to 
the oil field environment. 

Possible explanations for the apparent relationship be- 
tween inhabiting the oil field and development of evi- 
dence of tissue hypoxia include Heinz body hemolytx 
anemia, exposure to heavy metals, or as yet unidenmed 
factors. Acute exposure to crude oil is known to cause 
oxidation and denatutation ofhemoglobin in the RBCs of 

marine birds (Leighton et al. 1983). The denatured heme 
globin forms Heinz bodies on the RBCs and anemia re- 
sults when these damaged cells are removed from circu- 
lation by the spleen (Cotran et al. 1994). Birds .suf€ering 
fiom Heiuz body anemia exhibited increased hematopoie- 
sis in their bone marrow, however, no EMH was reported 
-&on 1986). Anemia has been reported in sea otters 
and polar bears acutely exposed to crude oil, but no evi- 
dence of EMH was reported in these studies (Williams 
1990, Eng$bardt 1981). 

Since hematology was not performed on deer mice, and 
histology was not performed on kit foxes, it was not pos- 
sible to determine whether there may have been a link 
between the observed abnormal RBC morphology in kit 
foxes and the EMH in deer mice in the present study. 
However, the statistically significant findings of imma- 
ture RBCs in kit foxes and EMH in deer mice from the oil 
field suggest the possibility that these animals may be 
exposed to conditions that may cause or induce tissue 
hypoxia. 

Certain trace metals (zinc, cadmium, copper, lead) are 
known to inhibit RBC production (Thompson et al. 1977, 
Davis and Avram 1978). Tissue metal concentrations were 
not determined for deer mice in this study. However, they 
were determined for kit foxes inhabiting the same area 
and were not found to be elevated (Charlton et al. 200 1). 

Adrenocortical changes resembling those observed 
histologically in deer mice from the oil field have been 
chemically induced in laboratory rodents. The mecha- 
nism of action in experimental animals is believed to be 
via inhibition of a hydroxylation step in the conversion 
of cholesterol to cortisol and other steroid hormones. 
When hydroqlation of cholesterol is inhibited, it accu- 
mulates in the c d s  of the adrenal coxtex resulting in cor- 
tical vacuolar degeneration (Yarrington 1983). We did 
not attempt to characterize the staining characteristics or 
ultrastructural features of the adrenocortical vacuoles in 
this study, so where unable to identify the contents. 

Ofthe 6 oil fieldexposed deer mice in which EMH was 
present, and of the 5 in which adrenocortical vacuolation 
was present, 4 deer mice exhibited both of these lesions. 
This suggests that exposure to a common agent may be 
responsible for the development of these 2 findings. 

It is not clear whether these observations represent 
markers of exposure, an a&ptwe response to the envi- 
ronment, markers of an adverse effect with secondary 
consequences, or incidental findings. Likewise, the sig- 
nificance of these findings to the animals, either on an 
individual or population basis, is not known. Outcome 
variables such as survival and reproductive success did 
not appear to differ between the two kit fox populations 
during this study period. While overall abundance of 
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both kit foxes and deer mice was less in the oil-field ex- 
posed animals, this was attributed to lower carrying ca- 
pacity as a result of habitat reduction and fragmentation 
caused by oilfield-related construction and maintenance 
activiti&(california ~nerpy Commission 19%). 

The proposed links between the pathological findings 
in the 2 species reported here are tenuous. Before firm 
conclusions can be made regarding the relationshp be- 
tween inhabithg the oil field a d  the development of clini- 
cal changes, the limitations of this study need to be fuYT 
acknowledged Many unlmown variables other than the 
exposure to the oil field environment, such as genetic, 
hormonal, nutritional, and infectious disease Edctors, 
d d  differ between the 2 groups ofanimals. The mecha- 
nisms responsible for our observations are likely multi- 
factorial and, without a more controlled study, cannot be 
fully elucidated While the exact mechanisms may not be 
clearly defined, we found that kit foxes and deer mice 
inhabiting the oil field in this study exhibited potential 
pathologic changes not seen in animals from an undevel- 
oped reference are.. These prehmmary h h g s  warrant 
further investigation, especlalty considering the impor- 
tance of oil fields as habitat for the endangered San 
Joaquin kit fox 
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