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Ultraviolet-assisted oiling assessment improves detection of oiled
birds experiencing clinical signs of hemolytic anemia after exposure
to the Deepwater Horizon oil spill
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Abstract
While large-scale oil spills can cause acute mortality events in birds, there is increasing evidence that sublethal oil exposure
can trigger physiological changes that have implications for individual performance and survival. Therefore, improved
methods for identifying small amounts of oil on birds are needed. Because ultraviolet (UV) light can be used to identify thin
crude oil films in water and on substrate that are not visually apparent under normal lighting conditions, we hypothesized
that UV light could be useful for detecting small amounts of oil present on the plumage of birds. We evaluated black
skimmers (Rynchops niger), brown pelicans (Pelecanus occidentalis), clapper rails (Rallus crepitans), great egrets (Ardea
alba), and seaside sparrows (Ammodramus maritimus) exposed to areas affected by the Deepwater Horizon oil spill in the
Gulf of Mexico as well as from reference areas from 20 June, 2010 to 23 February, 2011. When visually assessed without
UV light, 19.6% of birds evaluated from areas affected by the spill were determined to be oiled (previously published data),
whereas when examined under UV light, 56.3% of the same birds were determined to have oil exposure. Of 705 individuals
examined in areas potentially impacted by the spill, we found that fluorescence under UV light assessment identified 259
oiled birds that appeared to be oil-free on visual exam, supporting its utility as a simple tool for improving detection of
modestly oiled birds in the field. Further, UV assessment revealed an increase in qualitative severity of oiling (approximate
% of body surface oiled) in 40% of birds compared to what was determined on visual exam. Additionally, black skimmers,
brown pelicans, and great egrets exposed to oil as determined using UV light experienced oxidative injury to erythrocytes,
had decreased numbers of circulating erythrocytes, and showed evidence of a regenerative hematological response in the
form of increased reticulocytes. This evidence of adverse effects was similar to changes identified in birds with oil exposure
as determined by visual examination without UV light, and is consistent with hemolytic anemia likely caused by oil
exposure. Thus, UV assessment proved useful for enhancing detection of birds exposed to oil, but did not increase detection
of birds experiencing clinical signs of anemia compared to standard visual oiling assessment. We conclude that UV light
evaluation can help identify oil exposure in many birds that would otherwise be identified visually as unexposed during oil
spill events.
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Introduction

Acute avian mortality associated with large-scale oil spills is
well documented, with seabirds, waterfowl, and colonial
waterbirds at particular risk (e.g., Piatt et al. 1990; Iverson
and Esler 2010; Munilla et al. 2011; USFWS 2011).
However, there is increasing evidence that sublethal expo-
sure (modest external oiling that does not result in rapid
mortality) can have important impacts upon individual
health and may affect population dynamics, which could
influence damage assessments and subsequent restoration
and mitigation efforts (Seiser et al. 2000; Trust et al. 2000;
Golet et al. 2002; Alonso-Alvarez et al. 2007; Harr et al.
2017; Fallon et al. 2018). Consequently, it is important not
only to identify birds that have died from oil exposure, but
also to identify birds with sublethal exposure to better
estimate the number of birds at risk following both small-
and large-scale oil spill events. However, identifying small
amounts of oil on feathers can be difficult, especially in
birds with dark plumage, under natural lighting conditions.
Failure to detect modest oiling may result in inaccurate
estimates of the number of birds exposed during oil spills
events. Therefore, there is a need for simple, reliable tech-
niques to identify small amounts of oil on birds.

Crude oil fluoresces under ultraviolet (UV) light (Bur-
lamacchi et al. 1983; Colligan and LaManna 1993; Fingas
and Brown 2014). This attribute has led to its use to
improve detection of oil in several abiotic matrices. For
example, UV light can be used to enhance detection of oil
on or below the surface of a body of water as well as on
snow and ice (Fingas and Brown 2000; Fingas and Brown
2013). Remote UV sensors are commonly used to monitor
oil films associated with spills in very thin layers down to
0.1 µm (Fingas and Brown 1997; Brekke and Solberg 2005;
Jha et al. 2008). Thus, we hypothesized that UV light may
also be useful to detect small amounts of oil on the feathers
of captured birds that might not be apparent under normal
light conditions.

Birds experiencing modest exposure to crude oil can
experience myriad physiological effects, including inflam-
mation, immunosuppression, and oxidative damage to cells
(Fry et al. 1986; Leighton 1986; Leighton 1995; Briggs
et al. 1996; Golet et al. 2002). These sublethal effects can
negatively impact growth, alter organ function, reduce
reproductive success, and likely increase risk of disease
(Briggs et al. 1996; Esler et al. 2000; Giese et al. 2000;
Eppley and Rubega 1990; Alonso-Alvarez et al. 2007). Of
the sublethal, physiological impacts resulting from avian
exposure to oil spills, oxidative damage to erythrocytes and
subsequent anemia are of particular interest during oil spill
investigations, as such injury can be evaluated in blood
samples taken from live birds. Hemolytic anemia has been
demonstrated in several species of birds exposed to crude

oil under both experimental (e.g., Leighton et al.
1983, 1985; Fry and Lowenstine 1985; Harr et al. 2017) and
natural conditions (Yamato et al. 1996; Troisi et al. 2007;
Fallon et al. 2018). Although most work has focused on
severe oiling, recent evidence indicates that small amounts
of visible oiling correlate with oxidative injury to ery-
throcytes in several species of birds (Fallon et al. 2018).

In this investigation, we evaluated the utility of UV
fluorescence as a tool to identify birds with small amounts
of oil on their plumage that might otherwise be missed by
traditional visual oiling assessment during and in the
immediate aftermath of the 2010 Deepwater Horizon oil
spill in the Gulf of Mexico, USA. To achieve this objective,
we determined the presence and severity of oiling (% of
body surface oiled) by visual inspection under natural light
(visual oiling assessment) and then again under UV light
(UV oiling assessment) in black skimmers (Rynchops niger,
BLSK), brown pelicans (Pelecanus occidentalis, BRPE),
great egrets (Ardea alba, GREG), clapper rails (Rallus
crepitans, CLRA), and seaside sparrows (Ammodramus
maritimus, SESP). Second, we evaluated relationships
between severity of visible oiling, UV oiling, and a suite of
hematologic parameters characteristic of adverse effects
from oil exposure in BLSK, BRPE, and GREG. We eval-
uated these relationships to determine whether UV oiling
assessment improved detection of the number of birds
experiencing adverse clinical signs compared to those
detected through visual assessment alone.

Methods

Study area and focal species

Our five focal species represent a diversity of ecological
niches, which could influence their relative susceptibility to
oil exposure. Clapper rails and SESP are year-round resi-
dents along the Gulf Coast, inhabit salt marshes surrounded
by open water, and are omnivorous, eating seeds and marine
invertebrates (Post and Greenlaw 2020; Rush et al. 2020).
Black skimmers, recognized as a species with declining
populations (Vieira et al. 2018), were selected because of
their unique surface water foraging strategy and because
their nesting habits (sand and shell beaches and islands) put
them at high risk for exposure to oil (Gochfeld et al. 2020).
Brown pelicans eat mostly fish and are at high risk of
dermal exposure to oil because they capture their food most
often by diving after prey (Shields 2020). Great egrets
forage for food in a wide range of habitats and are unique
among the other species evaluated in this study because
they are a wading bird that has diverse prey items, including
fishes, insects, marine invertebrates, small mammals, rep-
tiles, and amphibians (McCrimmon et al. 2020).
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The procedures involving animals were conducted by
Biodiversity Research Institute with approval from the US
Fish and Wildlife Service. We captured BLSK (n= 120),
BRPE (n= 66), CLRA (n= 100), GREG (n= 54), and
SESP (n= 365) from reference areas and areas impacted by
the Deepwater Horizon spill from 20 June, 2010 until 23
February, 2011. We captured BLSK with noose mats, box
traps, and cannon-nets, BRPE with noose traps, padded leg-
hold traps, and net guns, CLRA by hand with night lighting
from airboats as well as with drift fences leading to box
traps, GREG with net guns, and SESP with targeted mist
netting (Mills and Ryder 1979; Crozier and Gawlik 2003;
Herring et al. 2008; Perkins et al. 2010).

Sites affected by the Deepwater Horizon spill included
locations along coastal Louisiana, with five BRPE collected
from coastal Mississippi, where exposure to oil from the
Deepwater Horizon spill was likely (Fig. 1). Reference sites
for BLSK, BRPE, and GREG included various locations
along coastal South Carolina and Georgia, USA where no
recent oiling events had been recorded (Fig. 2). Because
CLRA and SESP maintain small home ranges, reference
sites for these two species included saline Juncus marshes,
saline Spartina marshes, and brackish Phragmites marshes
with no visible oil along coastal Louisiana, Mississippi, and

Alabama (Fig. 1). We banded all birds with leg bands
appropriate for each species and released them at the cap-
ture location after we completed oiling assessments and
sample collection.

Visible and UV oiling assessment

We evaluated the majority of birds captured in both oiled
and reference sites for evidence of visible oiling under
natural lighting conditions, and assigned a visible oiling
score of none (0% of plumage affected with visible oil),
trace (<5% plumage affected), light (6–20% plumage
affected) moderate (21–40% plumage affected) or heavy
(>40% plumage affected; see Supplementary Figs. 1, 2). We
competed this examination under physical restraint appro-
priate for each species with wings in both extension and
normal standing posture. We then placed each bird under an
opaque canvas cover to block out natural light and exposed
the plumage to UV light (Labino compact PH135 UV
spotlight, Labino AB Solna, Sweden, 365 nm peak UV-A).
We assigned a separate UV oiling score using the same five
oil score categories. Thus, the same birds were categorized
using two independent techniques (visible and UV oiling) to
determine whether the use of a UV light source improved

Fig. 1 Area of potential impact capture locations in Louisiana, Mis-
sissippi and Alabama for American oystercatcher, black skimmer,
brown pelican, and great egret. Also shown are reference capture
locations and area of potential impact capture locations for clapper rail

and seaside sparrow. Because these two species maintain small home
ranges, we classified Juncus marshes, saline Spartina marshes, and
brackish Phragmites marshes with no known direct connectivity to the
oil spill area as reference sites
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detection and severity of oiling (see example in Supple-
mentary Fig. 3).

Blood collection and sample handling

We collected blood in a subset of individual BLSK, BRPE,
and GREG from the medial metatarsal vein or superficial
ulnar vein using a 21G or 23G butterfly catheter and lithium
heparin and ethylenediaminetetraacetic acid (EDTA) vacu-
tainers. These three species were selected for hematological
analyses due to ease of blood collection and their relatively
large body size. Immediately following collection, we filled
two heparinized hematocrit tubes for packed cell volume
(PCV) analysis. At this time, we also prepared new

methylene blue-stained blood smears to quantify Heinz
bodies and reticulocytes as described below. We placed
remaining blood samples on ice and transferred them to the
field laboratory. Once in the field laboratory, we prepared
two additional EDTA-treated blood smears for complete
blood cell analysis using a standard two-slide technique
(Aird 2010).

Hematologic parameters

The hematological assessment methods and results,
including our new methylene blue staining technique as
well as reticulocyte and Heinz body identification, have
been described in detail previously (Fallon et al. 2018). For

Fig. 2 Reference capture
locations in South Carolina for
American oystercatcher, black
skimmer, brown pelican, and
great egret
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BLSK, BRPE, and GREG, we prepared new methylene
blue-stained blood smears in the field after incubating for
20 min (Fallon et al. 2013). We evaluated 1000 erythrocytes
under 1000X light microscopy, counting the number of
cells affected by Heinz bodies as well as the number of
reticulocytes (Johns et al. 2008). The individual performing
these analyses (JAF) was blinded to oiling status, capture
location, and results of other analyses.

We determined PCV and hemoglobin (Hb) from hepar-
inized samples within 12 h of collection. Packed cell
volume (%) was calculated using a standard hematocrit
reader following centrifugation at 11,865 × g for 5 min.
Total Hb (g/dl) was quantified using a Hemocue Hb Ana-
lyzer Hb201 (Velguth et al. 2010). Red blood cell count
(RBC, cells/mm3) was estimated via standard manual
methodology using a hemocytometer at a commercial
laboratory (Avian and Exotics Clinical Pathology Labora-
tory, Wilmington, OH, USA) (Campbell 1995). Individuals
performing these analyses were blinded to oiling status,
capture location, and results of other analyses. Hematolo-
gical results of these parameters in birds from reference sites
and birds with visible oiling were first reported in Fallon
et al. (2018), but are reanalyzed here in relation to the
current UV oiling assessment.

Statistical analyses

We used SAS software (version 9.3 SAS Institute Inc.,
Cary, NC, USA) for all analyses. Where appropriate, we
evaluated normality and homogeneity of variance using
Shapiro–Wilk and Levene’s tests, respectively. We used
univariate statistical tests for physiological variable ana-
lyses, as this dataset contained missing values for one or
more values in several birds (for more details, see Fallon
et al. 2018). To account for the lack of independence of
physiological responses compared in our univariate models,
we applied a conservative α ≤ 0.01 to assess statistical sig-
nificance in these models, while also noting cases where α
> 0.01 and α ≤ 0.05.

To determine the utility of UV light assessment as a tool
to identify birds with small amounts of oil on the plumage
that would otherwise be missed by visual oiling assessment,
we used McNemar’s exact test to compare the number of
birds with visible oil to the number of birds with UV oiling
from areas affected by the Deepwater Horizon spill within
each species. Additionally, we calculated the number of
birds that increased one or more category in oiling severity
under the application of UV light (e.g., a bird that was
categorized as light oiling under visual assessment appeared
as moderate oiling under UV assessment) and compared the
effect size of this change in severity using Cliff’s delta
(Cliff 1993, Romano et al. 2006, Macbeth et al. 2011).
Cliff’s delta is a measure of the degree of overlap between

two populations, and ranges from −1 to +1, with ±0.147
representing a small effect (percent of non-overlap is
14.7%), ±0.33 representing a moderate effect (percent of
non-overlap is 33%), and ≥±0.474 representing a large
effect (percent of non-overlap is 47.4% (Cohen 1988).

To determine whether UV oiling assessment improved
detection of birds experiencing adverse clinical signs
compared to those detected through visual assessment
alone, we first determined the effects of UV-detectable
oiling on Heinz body formation, reticulocytes, PCV, Hb,
and RBC using Kruskal–Wallis tests for each species with
subsequent post-hoc analysis (SAS Multtest procedure, Sas
Institute Inc 2011). Additionally, we used Mann–Whitney
tests to compare physiologic parameters (Heinz bodies,
reticulocytes, PCV, and Hb) from birds with visible oiling
to the subset of birds that had no evidence of visible oiling
but tested positive for oiling under UV light. Because we
had physiological data on a limited number of birds with
UV oil but no visible oil, we pooled species for this analysis
(Heinz bodies: BLSK n= 18, BRPE n= 8, GREG n= 5
[n= 31 total]; reticulocytes: BLSK n= 18, BRPE n= 8,
GREG n= 5, [n= 31 total]; PCV: BLSK n= 19, BRPE
n= 8, GREG n= 7, [n= 34 total]; Hb: BLSK n= 11,
BRPE n= 6, GREG n= 7, [n= 24 total]).

Results

UV oiling assessment

From our sample of 705 birds from areas impacted by the
Deepwater Horizon spill, we identified 138 birds with evi-
dence of visible oiling. However, the number of oiled birds
from the same sample population increased by 259 indivi-
duals to 397 birds once we viewed them under UV light.
Therefore, use of UV light increased the overall percentage
of oiled birds in our sample population from 19.6 to 56.3%
(Table 1, Fig. 3). Importantly, improved detection with the
aid of a UV light occurred in all five species (Table 1,

Table 1 Number of individual black skimmer (BLSK), brown pelican
(BRPE), clapper rail (CLRA), great egret (GREG), and seaside
sparrow (SESP) from areas affected by the Deepwater Horizon oil spill
with McNemar’s test comparing visible oiling and UV fluorescence
(*statistical significance)

Total (N) Visible oil UV oil Chi2 p value

BLSK 120 47 92 45.00 <0.001*

BRPE 66 21 35 14.00 <0.001*

CLRA 100 14 82 65.06 <0.001*

GREG 54 38 46 8.00 0.005*

SESP 365 18 142 142.00 0.001*

Total 705 138 397
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Fig. 3). Additionally, we found evidence that the qualitative
categorization of oiling severity increased when we eval-
uated birds under UV light; 40% of birds increased by at
least one category (e.g., an increase from lightly to mod-
erately oiled) after using UV compared to a standard visual
exam (Fig. 4). Cliff’s delta analysis revealed a moderate
effect size on oiling severity with UV evaluation (delta=
0.288). No BLSK (n= 87), BRPE (n= 39), or SESP (n=
55) from reference locations were found to have oil on their
plumage either by visual or UV assessment. We found no
CPRL (n= 30) from reference sites with oil on standard
visual assessment, but one individual was found to have
trace amounts under UV assessment. In contrast, of 47
GREG from reference sites, 7 individuals had evidence of
trace visible oil and 27 had trace or light UV oil.

Physiological correlates of UV oiling

The physiological responses associated with visible oiling
were originally reported elsewhere (Fallon et al. 2018).
Here, we focus on comparing the physiological responses
detectable based on the two oiling assesment protocols. We
found significantly more Heinz bodies and reticulocytes in
BLSK, BRPE, and GREG with UV oiling compared to
reference populations (Table 2). Additionally, we found
significantly lower PCV and Hb in BRPE and GREG, as
well as decreased RBC in GREG with UV oiling compared
to reference populations (Table 2). Based on visual com-
parison of statistical outcomes of our previous study and the
current study, we found that the effect of oiling on Heinz
body formation, reticulocytes, PCV, Hb, and RBC counts
was similar for both visual (data from Fallon et al. 2018)
and UV assessment techniques (Table 3). Additionally, we
found no significant difference between the mean number of
Heinz bodies, reticulocytes, PCV, or Hb between birds that
had only UV oiling and birds with oil apparent on both
visual and UV oiling assessment (Table 4).

Discussion

It is important to understand the extent of exposure and
injury to birds and other wildlife during oil spill events to
develop an accurate damage assessment. While there were
thousands of dead birds found in the weeks following the
Deepwater Horizon spill, there were many more that were
likely exposed to oil but did not immediately succumb
(Peterson et al. 2003; USFWS 2011). We hypothesized that
the use of hand-held UV lights could enhance the sensitivity
of visible oiling assessments, because even trace amounts of
oil have been shown to fluoresce (Chase et al. 2005). To test
this, we evaluated 705 individuals from sites affected by the
Deepwater Horizon oil spill with both visual and UV
assessment. Ultraviolet assessment identified oiling on 259
individual birds (a 97% increase in detection) that appeared
to be oil-free on initial visual examination. Ultraviolet
assessment resulted in a significant increase in the number
of individuals determined to be oiled in all species, although
this effect was least pronounced in GREG (Table 1, Fig. 3).
Adult GREG have exclusively white plumage, which likely
makes even trace amounts of oil more apparent on visual
exam. Additionally, we found that UV assessment revealed
that birds had more extensive exposure than was apparent
on visual assessment, with 40% of birds increasing by at
least one category of oiling severity after application of the
UV light (Fig. 4). Cliff’s delta analysis confirmed that this
effect size was statistically significant. Together, these
findings suggest that UV assessment can more accurately
determine the number and severity of birds exposed to oil

Fig. 3 Percent of black skimmer (BLSK), brown pelican (BRPE),
clapper rail (CLRA), great egret (GREG), and seaside sparrow (SESP)
in areas of potential impact from the Deepwater Horizon oil spill with
visible oiling and oil detected under UV fluorescence. Asterisks
indicate statistically significant difference (p < 0.05) between visible
and UV detection techniques

Fig. 4 Severity of visible oiling (none is 0% of plumage affected with
UV oiling, trace <5% plumage affected, light 6–20% plumage affec-
ted, moderate 21–40% plumage affected or heavy >40% plumage
affected) and oil detected under ultraviolet fluorescence in birds from
areas affected by the Deepwater Horizon spill

J. A. Fallon et al.



during spill events compared to visual assessment without
the aid of UV light.

We found that UV-oiled birds were experiencing adverse
effects similar to those we had observed in our prior visual
assessment (Fallon et al. 2018). Birds with small amounts of
oil on their plumage as determined by UV evaluation had
hematological changes consistent with oxidative injury to
red blood cells (Tables 2, 3). The presence of Heinz bodies
combined with increased reticulocytes found in oiled
BLSK, BRPE, and GREG with UV oiling suggests that this
method can be used to detect birds with modest oiling that
may be experiencing sublethal physiological injury. Addi-
tionally, BRPE and GREG from impacted sites had
decreased PCV and Hb. These three features—presence of
Heinz bodies, decreased PCV or Hb, and increased reticu-
locytes—are indicative of oxidative injury, anemia, and a
physiological regenerative response. This physiologic cas-
cade decreases oxygen availability to tissues (Latimer et al.
2003) which can induce muscle fatigue, lethargy, decreased
energy availability for metabolic processes, and adversely
affect reproduction (Butler et al. 1986; Piersma et al. 1996;
Walton et al. 1997; Ots et al. 1998; Hylton et al. 2006).
These physiological changes have implications for survival
and fitness, suggesting that sublethal physiological injury
associated with modest oil exposure may have important
negative long-term repercussions for individuals. Although
there is no clearly established threshold for what degree of
reduced erythrocyte volume leads to decreased survival,
anemia in oiled birds at admission to rehabilitation facilities
is correlated with higher mortality rates (Duerr et al. 2016).
Our results suggest that UV assessments can be useful in
identifying birds with very small amounts of oil that also
have experienced adverse effects, and that these hematolo-
gical changes mirror those found with visible oiling (Fallon
et al. 2018).

Although all BLSK, BRPE, and SESP and all but one
CPRL from reference sites had no evidence of visual or UV
oil on their plumage, GREG appeared to be at increased risk
of oil exposure in our reference sites. Of 47 GREG from
reference sites evaluated by both visual and UV assessment,
7 birds (15%) had trace visual oiling and 27 (57%) had trace
(n= 26) or light (n= 1) UV oiling. Of our study species,
GREG are the only species with exclusively white plumage,
which may make small amounts of oil more easily dis-
cernible. Additionally, this species is unique among those in
this study, as it is a wading bird that spends a great deal of
foraging time standing or slowly wading through water, and
frequents man-made drainage ponds and pooled, standing
water from residential, agricultural, or industrial run-off
which may contain petroleum waste (Trail 2006; McCrim-
mon et al. 2011). Consistent with their exposure, this was
the only species in which Heinz bodies were identified in
the reference population. Our results suggest that furtherTa
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investigation into the frequency of exposure to petroleum
products in this species is warranted.

There are several limitations to consider when incor-
porating UV light assessment during oil spill events. First,
the individual bird must be evaluated under minimal natural
light, which is cumbersome with large birds. Second,
although application of UV light increased the detection of
oiled birds, the majority of birds that appeared to be oil-free
on visual examination that were determined to be oiled
under UV light application had only trace or light amounts
of oil on their plumage (5–20% of plumage affected).
Because of this, the severity of hematologic changes in the
UV-oiled population of birds was similar to that of visibly
oiled birds (Table 3, Fig. 4). Thus, UV assessment proved
useful for enhancing detection of birds exposed to oil, but
did not increase detection of birds experiencing clinical
signs of anemia compared to standard visual assessment.
Finally, there is the possibility of false positive fluorescence
with naturally occurring oils. Further work in an experi-
mental setting may help determine the frequency of false
positive results.

In summary, our results demonstrate that UV assessment
can identify small amounts of oil present on birds that

appear oil-free on visual exam. Additionally, UV light
allowed detection of oiled feathers over a larger proportion
of surface area on individuals than can be seen on visual
exam. Therefore, UV assessment of individual birds could
be considered as an additional tool following both large and
small oil spill events to help formulate a more complete
damage assessment. This technique may be most useful to
categorize birds with trace oiling that would otherwise be
missed on visual exam, particularly in birds with dark
plumage. Further, UV-oiled birds exposed to the Deepwater
Horizon spill had evidence of oxidative injury to ery-
throcytes, decreased numbers of erythrocytes in circulation,
and evidence of an erythrocytic regenerative response,
similar to birds with visible oiling. These changes are
consistent with formation of Heinz bodies and oxidative
hemolytic anemia, a pathological abnormality caused by
exposure to oil.
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Heinz Bodies Reticulocytes PCV Hb RBC

BLSK

UV oiled <0.001 0.004 0.137 0.841 0.905

Visibly oiled <0.001 0.004 0.164 0.876 0.613

BRPE

UV oiled 0.028 <0.001 <0.001 0.006 0.791

Visibly oiled 0.024 <0.001 <0.001 0.002 0.561

GREG

UV oiled <0.001 0.007 <0.001 <0.001 0.012

Visibly oiled 0.003 0.010 <0.001 <0.001 0.003

Response variables were Heinz bodies (cells with Heinz bodies/1000 erythrocytes), reticulocytes (%),
packed cell volume (PCV, %), hemoglobin (Hb, g/dl), and red blood cell count (RBC, cells/mm3) found in
black skimmers (BLSK), brown pelicans (BRPE), and great egrets (GREG)

Table 4 Mann–Whitney comparison of mean number of Heinz bodies
(number of cells/1000 erythrocytes), reticulocytes (%), packed cell
volume (PCV, %), and hemoglobin (g/dl) between birds (pooled
species including black skimmers, brown pelicans, and great egrets)
that tested positive for oiling under both UV and natural (visible) light
versus those that tested positive under UV light only from sites
impacted by the Deepwater Horizon oil spill

Visible and UV oil UV oil only

Variable n mean (±SE) n mean (±SE) p value

Heinz bodies 79 8.22 (1.99) 31 2.87 (1.58) 0.355

Reticulocytes 79 69.08 (2.10) 31 64.84 (3.09) 0.597

PCV 78 40.40 (0.57) 34 40.24 (0.94) 0.730

Hemoglobin 73 14.88 (0.38) 24 15.40 (0.53) 0.320
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