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ABSTRACT
AFRICAN FISH EAGLES (Hdiiaeetus vocifer) and MARABOU STORKS (Leproptilos
crumeniferus) IN UGANDA: USE AS BIOMONITORS OF ENVIRONMENTAL
CONTAMINATION
By
Simon Ralph Hollamby
A study was designed to evaluate concentrations of persistent organic pollutants and
mercury in African fish eagles (Haliaeetus vocifer), marabou storks (Leptoptilos
crumeniferus) and tilapia fish (Oreochromis niloticus) in Uganda. Total mercury
concentration in breast feathers; plasma concentrations of a range of persistent organic
pollutants; packed cell volume and plasma chemistry values were determined for adult
and nestling African fish eagles at Lake Mburo (n = 18) and Lake Victoria near Entebbe
(n =15), as well as marabou stork nestlings in Kampala (n = 21). Morphometric
measurements were collected on adult fish eagles. A human and eagle food, Oreochromis
niloticus were sampled for total body mercury and a range of persistent organic pollutants
(n = 18). Feather mercury concentrations were significantly (p < 0.05) lower in fish
eagles at Lake Mburo than fish eagles from Entebbe and marabou storks from Kampala.
Five adult fish eagles and five Oreochromis niloticus from Entebbe had concentrations of
4,4-DDE of less than 0.005 ppm wet weight in plasma and fish samples. The research
establishes concentrations of these pollutants in these species and allows future trend
analysis. African fish eagles and marabou storks meet many criteria of a suitable avian
biomonitor of environmental pollution. With appropriate development, long-term
research and integration with other monitoring initiatives, these species could become

valuable tools to assess environmental change.
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PREFACE

The chapters in this thesis are organized as independent pieces of work some of which
are intended to be published in the scientific literature. As such, there may be some
redundancy between chapters, especially in relation to the reporting materials and

methods.
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Project Summary

With a history of social and political instability, there has been little monitoring or
scientific evaluation of the health of Uganda’s ecosystems (Koch RA 1996). The onset of
social and political stability in the mid 1980s has led to an expanding economy, increased
foreign investment and population urbanization centered in Kampala. The effects of this
change on wildlife and the environment have not been adequately documented. The
African fish eagle (Haliaeetus vocifer) is a tertiary avian predator in lake-based food
chains throughout sub-Saharan Africa (Brown et al 1982). Piscivorous raptors have
proved to be valuable biomonitors of ecosystem health and environmental pollution
(Bowerman et al 2000 a). Much of the research on raptors as environmental monitors has
come from countries with a developed database on species from temperate climates that

show marked seasonality.

Marabou storks (Leptoptilos crumeniferus) are indigenous to tropical Africa
where they are common to abundant in most parts of their range. In areas such as urban
Kampala, they have a cosmopolitan diet, due to their efficient adaptation to a lifestyle as
scavengers of human refuse (Hancock et al 1992). Their diet and exposure to pollutants
in urban areas may reflect human exposure to the same pollutants making marabou storks

potentially useful as biomonitors of toxic exposure in humans.

The hypothesis tested by this project is there is no significant difference in
persistent organic pollutant and mercury concentrations in tissues of African fish eagles
and Oreochromis niloticus from Lake Victoria near Entebbe compared to those from

Lake Mburo.



The objectives of this project were to quantify the concentrations of persistent
organic pollutants (POPs) in the blood and feathers of populations of African fish eagles
at two study sites in Uganda. One site was an urbanized area of shoreline on Lake
Victoria from Nfo Island (0°. 00' N, 32°. 26' E) to Kisubi Bay (0°. 05'N, 32°. 35' E) near
Entebbe. The other site was Lake Mburo, a six km long freshwater lake within a 256 sq
km national park situated in South Western Uganda (0°. 39' S, 30°. 57' E). Lake Mburo is
230 km and Entebbe 40 km from the capital, Kampala. The population of Kampala is
rapidly increasing and virtually contiguous with that of Entebbe (Uganda Bureau of
Statistics 2002). Concentrations of the same pollutants measured in fish eagles were
quantified in whole body cross section samples of a representative eagle prey species,
tilapia (Oreochromis niloticus). The whole body cross section samples were
approximately 100g whole cuts including viscera, fat, skin and bone is taken from just
cranial to the dorsal fin ventrally down to just caudal to the gill arch. Oreochromis
niloticus are herbivorous fish occupying the littoral zone in African lakes. As fish can be
the primary source of dietary protein for human populations in this region, sampling of
fish may also give some indication of human exposure to these pollutants. Data on
concentrations of these pollutants in the blood and feathers of nestling marabou storks
from urban Kampala is presented for the purpose of comparison and contrast to the fish
eagle data. Blood plasma was used for total polychlorinated biphenyls (PCB) and
chlorinated pesticide analysis. The specific chlorinated pesticides examined were aldrin,
DDT, a-HCH, dieldrin, endrin, heptachlor and their metabolites, B-HCH, 2,4’-DDD,

4 4’-DDE, 4,4’-DDD, 2,4’-DDT, 4,4’-DDT, heptachlor epoxide and lindane and



nonachlor. Breast feathers were used for total mercury analysis. Other parameters such as
weight, packed cell volume (PCV), estimated age and plasma chemistry values were
determined for marabou storks and African fish eagles. A survey of hematozoan parasites
was performed for the marabou stork and African fish eagle populations sampled.
Certain persistent pollutants, such as the coplanar PCBs that have an antiestrogenic
effect. Some PCB congeners may disrupt thyroid gland homeostasis (Yamamoto et al
1996). Therefore, plasma total thyroxine (TT4), and plasma total triiodothyronine (TT3)
were also determined. The sex of the African fish eagles and marabou storks was
determined by analysis of erythrocyte DNA. Characterization of nest site habitat was
made and population density was estimated but not quantified. Analysis of variance was
conducted to assess the association between various factors and total feather mercury,
plasma chemistry parameters, and morphological characteristics of African fish eagles
and marabou storks (SAS PROC ANOVA for categorical risk factors, and SAS PROC
GLM for continuous risk factors. SAS 8.2, 2001. SAS Inc. Cary, NC). These analyses
were conducted both at the univariable (only one risk factor at a time) and multivariable
level. Multivariable analyses were conducted to adjust the effect of selected risk factors

simultaneously. The level of significance (type 1 [a] error) was set at p = 0.05.

There has been no documentation of persistent organic pollutant or heavy metal
concentrations in African fish eagles in Uganda. A study has examined metal
concentrations (zinc, cadmium, lead, copper, iron, manganese, chromium and cobalt) in
the feathers of adult marabou storks from Kampala city and surrounding areas

(Nyangababo 2003). This study did not include mercury. Only a few studies have



reported plasma chemistry values for wild eagle species (Bowerman et al 2000 b; Garcia-
Montijano et al 2002). Plasma chemistries have not been determined for wild populations
of African fish eagles or marabou storks. Data generated from this project will document
blood plasma concentrations of POPs, feather concentrations of total mercury and help
establish parameters for plasma chemistry values of African fish eagles and marabou
storks at selected sites in Uganda. The difference between the data gathered from Lake
Mburo and the Lake Victoria region (that includes Entebbe and Kampala) may highlight
the effects of greater anthropogenic environmental alteration at the latter site. The data
will also increase knowledge of the biology of African fish eagles in Uganda. To this end,
morphometric measurements were determined on adult African fish eagles and
differences relative to sex were compared. The project results may also provide valuable
comparisons to analogous work being conducted on tertiary avian predators in lake-based
food chains in other areas of the world, such as bald eagles (Haliaeetus leucocephalus) in

the Great Lakes region of North America (Bowerman et al 1993).

The project field methods are documented, as they may prove applicable to other
raptor species or future research on African fish eagles and marabou storks. An
assessment was made of the suitability of the development of the African fish eagles and
marabou stork as biomonitors of environmental health. The conclusions are presented.
Knowledge from this research should help improve the conservation management of

African fish eagles and the Ugandan lake-based ecosystems they inhabit.



Literature Review

Mercury and Avian Species

Mercury can occur in a number of chemical forms in the environment. Microbial
and biochemical reactions in soils and sediments can lead to the transformation of all
chemical forms into methylmercury, the most toxic form (Heinz 1996). Sources of
mercury can be natural or anthropogenic and include fluorescent lamps, batteries,
thermometers, medicines, paints, metallurgical processes, fungicides in the paper
industry, fossil fuel burning and natural release such as through volcanic eruptions (Heinz
1996). Two of Africa’s most active volcanoes, Nyamuragira and Nyiragongo, situated in
the Democratic Republic of Congo, bordering Uganda, erupted on July 26 2002 and
January 16 2002. These eruptions were six months prior to this project’s field periods and
widespread atmospheric deposition from the eruptions occurred for months afterwards
This may have contributed to the total mercury concentrations present within the lake-

based ecosystems studied in this project.

Mercury is lipid soluble and bioaccumulative. It diffuses across the alveolar space
into erythrocytes and the brain, accumulates in adipose tissue and can be passed into
eggs. Methylmercury can have harmful effects on adult survival, reproduction, behaviour
and cellular development (Burger 1994). The neurotoxic effects of methylmercury can
alter nesting behavior and negatively impact reproductive success of avian species (Heinz
1996). Mercury can cause reduced egg production, lighter eggs and smaller clutches.
Hatching success and chick survival were reduced in black ducks (4nas rupripes) and

mallards (Anas platyrhyncos) fed diets containing methylmercury (Finley and Stendell



1978; Heinz 1979). The effects of mercury can be somewhat antagonized by exposure to
other elements such as selenium and zinc. Animals have no physiological requirement for
mercury (Eisler 1987). Anthropogenic activities that may contribute to environmental
mercury concentrations include industrial pollution and use of fossil fuels that commonly
occur in the industrial area along the shore of Lake Victoria near Kampala. The human
population of Kampala increased from 774,241 in 1991 to a preliminary figure of
1,208,544 in 2001 and use of diesel fuel (inferior grades and quality) in Uganda increased
from 125,621 in 1997 to 207,183 cubic metres in 2001 (Uganda Bureau of Statistics,
2002). Increased use of fossil fuels as an energy source may be associated with increased
atmospheric mercury concentrations. Through cycling, increased atmospheric mercury
may lead to an increase in mercury concentrations in aquatic organisms. No studies have

been reported examining the potential impact of mercury pollution on wildlife in Uganda.

Persistent Organic Pollutants (POPs) and Avian Species

Over thirty organochlorinated compounds have been used as pesticides (Blus et al
1996). The effects of 1,1,1 - trichloro - 2,2-bis (4 - chlorophenyl) ethane (DDT) on avian
species have been well documented (Lincer 1975; Peakall 1993; Ratcliffe 1967). 1,1, 1 -
trichloro - 2, 2 - bis (4-chlorophenyl) ethylene (DDE), a metabolite of DDT, is known to
cause adverse effects on reproductive success and eggshell thinning in wild raptor
populations (Ratcliffe 1967) and in experimental studies on raptors (Lincer 1975;
Weimeyer and Porter 1970). Polychlorinated biphenyls (PCBs) have been used as
insulating materials in transformers and capacitors, plasticizers in waxes, paper

manufacturing, flame retardants and for a variety of other industrial applications (O’Hara



and Rice 1996). Various congeners of PCBs can produce teratogenic effects, such as bill
defects or deformities (Gilbertson et al 1991). Some coplanar PCB congeners have been
associated with dioxin like effects including wasting, thymic atrophy and endocrine and
enzyme disruption in a number of species (Safe 1990). Experimentally, reproductive
failure was produced with various concentrations of PCB congeners fed to chickens
(Kubiak et al 1989). Nestling bill defects in Swedish white tailed sea eagles (Haliaeetus
albicilla) were believed related to PCBs (Helander 1982). In studies on wild bald eagles,
productivity was significantly and inversely correlated with concentrations of PCBs and
p.p’-DDE in addled eggs (Bowerman 1993). The role of PCBs and their
estrogenic/antiestrogenic reproductive effects compared to the eggshell thinning effects

of DDE are still open to debate (Bowerman, 1995, 2000 a, O’Hara and Rice 1996).

Concentrations of organochlorinated pesticides, PCBs and mercury in bald eagles
in Michigan have been documented using similar methods to those in this project
(Bowerman, 1993). Organochlorinated pesticide concentrations were measured in eagle
blood during 1988 to 2000, PCB and organochlorinated pesticide concentrations in eggs
from 1986 to 1997 (175 eggs) and mercury in feathers from 1986 to 2000 (Bowerman et
al 2000 a). Similar studies on Haliaeetus sp. have been conducted in Sweden, Siberia and

the southeastern United States and are proposed for Norway (Bowerman, 2001).

Studies on POP contaminant concentrations in African fish eagles, marabou
storks and other avian species in African countries are sparse. A survey of the African

fish eagle population of Lake Kariba in Zimbabwe found all eggs collected contained



DDT or its metabolites (Douthwaite 1992). The study found high concentrations of
mercury in adult birds and significant eggshell thinning in areas associated with high use
of DDT. The author suggested that factors other than pesticide concentrations limit
breeding success at the study site. An earlier study in Zimbabwe reported egg dry weight
total DDT concentrations and found reduced eggshell thickness in African fish eagle
eggs. (Thomson 1984). Lincer (1981) reported organochlorinated pesticide residues in a
single fish eagle egg from Kenya’s Rift Valley Lakes and Snelling et al (1984) reported
values from a number of eggs from various sites in southern Africa. Ratcliffe’s index of
shell thickness (Ratcliffe 1967) was determined for 90 African fish eagle eggs collected
within southern Africa. Eggshell thickness declined progressively in relation to the use of
DDT (Davies and Randall, 1989). Interestingly, one multi year study of fish eagle
productivity at Lake Chivero, a polluted dam in Zimbabwe, indicated that fish eagle
numbers were increasing, despite years of eutrophication and heavy metal, sewage and
pesticide effluent (Mundy & Couto 2000). The authors concluded, despite large decreases
in eggshell thickness, that productivity was unaffected. The reason for the increases in
productivity (in the largely piscivorous fish eagle) were thought to be an increased fish
population caused by nutrient enrichment leading to proliferation of aquatic plant life.
The authors concluded however, heavy metal concentrations may be a cause for future

concern.

The lack of uniformity in relation to tissues and species sampled, differences in
analytical methods and reporting of study results can complicate interpretation of POP

data in avian species. We report all mercury and POP concentrations in part per million



(ppm). This is on a dry weight basis for feathers and a wet weight basis for whole body

cross section samples of fish and avian plasma samples.

African Fish Eagle Biology

Much has been recorded on the biology of the African fish eagle (Brown, 1960,
1971, 1978, 1980; Brown & Hopcraft 1973; Erikson & Skarpe 1989; Ghiglieri 1983,
Green 1964; Krueger 1997; Prout Jones & Milstein 1980, 1986; Stewart et al 1997,
Sumba 1986, 1988, 1989; Virani 2001). Despite this information, there appears to be
considerable debate over some key factors of fish eagle breeding and biology, including
the proximate factors that stimulate breeding at tropical latitudes. Some of the
information presented in these reports is anecdotal as opposed to scientifically designed
studies. However, the majority of the studies provide valuable information based on
observation but involved no capture or handling of fish eagles. One study examined
nestling growth in African fish eagles (Sumba 1988) in Uganda while another measured
growth in captive birds (Prout-Jones & Milstein 1986). One paper examined breeding
seasonality of fish eagles in Queen Elizabeth National Park, Uganda (Sumba 1986) and
concluded that breeding occurred year round with peak laying during the long wet season
from August to November. No breeding records are available for Lake Mburo or Lake
Victoria at Entebbe. However, population counts have been conducted usually twice
yearly at Lake Mburo and Lutembe Bay, Lake Victoria (close to the Entebbe study site)
(Nature Uganda, The East Africa Natural History Society, P.O.Box 27034, Kampala,
Uganda). Our limited observations would suggest that egg laying occurs mid March to

late August at Lake Mburo. Chicks of various ages from hatchlings to almost fledged as

10



well as eggs were observed in nests between late June and late August. Chicks at various
stages of development were noted in nests in January, March and August at Lake Victoria
near Entebbe. Eggs were observed in nests around Entebbe in August, December and
January. To accurately determine the breeding season would require multi year analysis
as the proximate factors that stimulate breeding are variable and not adequately
documented (Virani 2001). However, it would be reasonable to assume these proximate

factors could cause variation in the timing of breeding from year to year.

Four authors examined population structure and densities of fish eagles in various
regions of Uganda (Brown 1970; Green 1964; Krueger 1997, Sumba 1988). African fish
eagles usually build large, conspicuous nests in tall trees close to water. Breeding may
not occur every year. The incubation period for fish eagle eggs is generally believed to be
around 42 days. One to three (usually two) eggs are laid at two to three day intervals.
Fledglings leave the nest at approximately 70 -75 days according to Brown (1980), while
Sumba claimed the mean fledging time to be closer to 76 days (Sumba, 1988). Fish
eagles attain adult plumage at five years of age. Brown (1980) recorded adult fish eagle
weights as 1.98-2.49 kg for males (n = 4) and 3.00 to 3.63 kg for females (n = 3). The
literature cited in this thesis, as well as our observations confirm fish eagles as one of the
most territorial avian species, both to con-specifics and other avian species. Fish eagles
are reported to be mainly piscivorous but birds, small mammals, reptiles, amphibians and
other avian species can make up to 9 per cent by weight of the diet in some individuals
(Stewart K.M. 1997). Our observations, and the communications of local fisherman,

suggest that Oreochromis niloticus, usually below 25 cm in length and approximately

11



400g form the majority of the fish eagle’s diet at Lake Mburo and Lake Victoria near
Entebbe. However, diet can be variable and at Murchison Falls, the carnivorous tiger fish

(Hydrocynus forsaklii) appears to be the main fish prey item.

Marabou Stork Biology

Unlike the fish eagle, the biology and reproductive cycle of the marabou stork in
Uganda has been well described (Pomeroy 1973, 1975, 1977, 1978a, 1978b). Adult
marabous weigh between 5 - 8 kg and diet of the birds in Kampala probably includes
almost anything organic, such as garbage, fish remains, abattoir refuse and a large
amount of vegetable matter (Brown, 1982). However, during the period of nestling
growth, increased amounts of protein are taken in the form of fish, frogs and rodents.
Marabous undertake short, mainly north south migrations in Uganda, coinciding with
rainfall seasonality (Pomeroy, 1978a, 1978b). The Kampala population is greatest during
the dry season around December and January. Marabous are colonial nesters with
multiple nests being built in particular tree types, such as Mvule (Chlorophora excelsa)
and Tabebuia pentaphylla. The incubation period is 30.3 days and average clutch size is
2 - 3 eggs. Marabous have an extremely long period from hatching to fledging, being
about 135 days with first flights out of the nest at 110 - 115 days. Marabous first breed at
6 - 7 years and may live up to 25 years. Breeding success is low but has reportedly
increased in recent years in Kampala (Hancock et al, 1992). To the best of our
knowledge, no studies have quantified POP concentrations or plasma chemistry values in
wild marabou storks. A study has examined metal concentrations (zinc, cadmium, lead,

copper, iron, manganese, chromium and cobalt) in the feathers of adult marabou storks
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from Kampala city and surrounding areas (Nyangababo 2003). This study did not include

mercury.

Pesticide Usage In Uganda

Accurate data on use of pesticides and monitoring of pesticide residues in Uganda
are limited (Baliddawa 1991; Ejobi et al 1996 a,b; Kock 1996; Ogutu-Ohwayo 1997,
Simonich and Hites 1997, Tukahirwa 1984, 1991; Wiktelius et al 1999). Ejobi et al
(1996) quotes 80 tonnes of DDT per year used mainly for cotton growing and mosquito
control. Dieldrin was used at the annual rate of 392 tonnes per year for banana weevils
and termites while 30 tonnes was also used for Tsetse fly control. Lindane, aldrin,
hexachlorobenzene, campheclor, chlordane and heptachlor were also used. Official
figures can only be viewed as estimates of present day usage. It is clear from the
literature that there is a regulatory need to evaluate and standardize methods of reporting
and monitoring the use of potential chemical contaminants in Uganda. Ejobi et al (1996
a,b,) measured concentrations of DDT metabolites and other chlorinated hydrocarbons in
human milk and cows milk in urban Kampala and a rural district. Concentrations of
DDT in Ugandan mother’s milk was higher than that in many developed countries such
as Japan, Sweden and the USA, that had banned this pesticide. However, concentrations
of DDT were lower than other developing countries such as Nigeria, India, Kenya and
Ethiopia. No studies were found examining POPs or mercury in African fish eagles in

Uganda.
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Hypotheses

The hypothesis to be tested was:

e There is no difference in persistent organic pollutant and mercury concentrations

in tissues of African fish eagles (Haliaeetus vocifer) and tilapia (Oreochromis

niloticus) from Lake Victoria near Entebbe compared to those from Lake Mburo.

Two important issues related to the hypothesis that will be examined in this thesis are:

e Whether concentrations of persistent organic pollutants and mercury are likely to

be significant contributing factors to the population dynamics of the African fish

eagle at Lake Victoria near Entebbe or Lake Mburo.

e Whether African fish eagles and marabou storks can be utilized as successful

biomonitors of mercury and persistent organic pollutants.

Research Objectives

The objectives of this study are to determine:

1. concentrations of organochlorinated pesticides and total PCBs from African fish

eagle and marabou stork plasma from the stated study sites.
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. concentrations of total mercury in breast feathers from African fish eagles and

nestling marabou storks from the stated study sites.
. concentrations of organochloinated pesticides, total PCBs and mercury from whole
body cross section samples of Oreochromis niloticus fish from Lake Mburo, Lake

Victoria and Murchison Falls.

. packed cell volumes (PCV) and selected plasma chemistry values from African fish

eagles and marabou storks from the stated study sites.

. plasma total thyroxine (TT4) and plasma total triiodothyronine (TT3) levels from

African fish eagles and marabou storks at the stated study sites.
. sex of all birds sampled by means of DNA analysis.

. the presence and identity of blood hematazoa from fish eagle and marabou stork

samples from the stated study sites.
. morphometric measurements on adult fish eagles and band (ring) all adult eagles.
. nest site habitat characteristics such as nesting tree species, tree height, nest height,

diameter of tree at breast height (DBH), disturbance around nest, distance from the

nest to water and canopy cover.
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Figure 1.1. Uganda, East Africa with research sites highlighted (modified from

worldatlas.com)
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Chapter 2

Methods and Equipment Used to Sample African Fish Eagles
(Haliaeetus vocifer) and Marabou Storks (Leptoptilos crumeniferus) in

Uganda
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Abstract

A study was designed to evaluate persistent organic pollutants and mercury levels
in African fish eagles (Haliaeetus vocifer), marabou storks (Leptoptilos crumeniferus)
and tilapia (Oreochromis niloticus) in Uganda. The objective of this paper is to describe
the methods and equipment used in the study. Birds were sampled from the
Kampala/Entebbe region and Lake Mburo in Uganda, in three field periods from
December 2001 through January 2003. Adult eagles were captured on water using a fish
“snare vest”. The ratio of number of birds caught to eagle attempts to take the snared fish
was 1: 6 at Lake Mburo and 1:10 at Lake Victoria near Entebbe. The ratio of the number
of birds caught to the number of times the snared fish was placed in the water was 1:8 for
Lake Mburo and 1:36 for Lake Victoria. One hundred and twenty capture attempts were
made over ten days at Lake Mburo and 72 over nine days at Lake Victoria near Entebbe.
Eighty-three percent of adult eagles were snared by the third digit. Nestling marabou
storks and African fish eagles were captured using professional tree climbing methods
and equipment. The sampling success rate, defined as trees climbed with at least one
chick sampled was 100% for storks and 55% for eagles. The snare vesting technique
described may be an effective method to catch adult African fish eagles with a success
rate dependant on multi-factorial local site conditions. The climbing methods described
were successful for the safe sampling of nestling marabou storks and African fish eagles.
These capture methods may prove useful in the management and study of captive and
wild populations of African fish eagles and marabou storks. Snare vesting, with
modifications, knowledge of local site conditions and species biology could have

applicability to the capture of other large piscivorous eagle species.
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Introduction

The African fish eagle (Haliaeetus vocifer) has a wide distribution along lakes
and waterways throughout sub-Saharan Africa (Brown, 1980). A number of authors have
described the biology of the species in various locations (Brown 1960, 1971, 1980;
Brown and Hopcraft 1973; Green 1964; Krueger 1997; Sumba 1986, 1988, Prout Jones &
Milstein 1986). These studies predominantly involved non-invasive observations.
Studies examining the effects of persistent organic pollutants (principally DDT and its
metabolites) on reproductive success in African fish eagles were conducted from the
1970s through the 1990s and mainly in southern Africa (Douthwaite 1992; Davies and
Randall 1989; Lincer 1981; Snelling et al 1983; Thomson 1984). These studies examined
eggs. However, the method used to obtain the samples are often only briefly described.
The use of blood for pesticide analysis is advantageous as the effect on the population is
less than the permanent removal of eggs for analysis. Methods have been described in
certain species whereby total DDT residues in plasma can be adjusted to estimate the
residues in the egg. (Henny and Meeker 1981). However, the use of blood as a sample
tissue requires catching the bird. No known studies have described in detail the temporary

capture of adult and nestling African fish eagles for scientific research.

The biology and breeding cycle of marabou storks (Leptoptilos crumeniferus) in
Uganda has been well described (Pomeroy 1977, 1978). One report described the use of
oral anesthetic agents for capture and sampling of adult marabou storks, but reported
some degree of mortality associated with the method (Pomeroy and Woodford 1976). No

known studies describe in detail the temporary capture of nestling marabou storks for
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blood collection. With the increasing scrutiny all types of invasive wildlife field
investigations are currently subjected to, and to facilitate future research, it behooves all
researchers to adequately document and disseminate successful capture methods. It is
also important to highlight unsuccessful capture methods so other researchers can assess,
then modify, improve on, or discard the techniques. This is vital because as populations
of many species continue to decline, proven and safe capture methods are required. This
report describes methods used to capture adult and nestling African fish eagles and
nestling marabou storks in the Kampala/Entebbe region and at Lake Mburo National Park
in Uganda, East Africa during three field periods from December 2001 through January
2003. The captures formed part of a study to collect feathers for mercury and plasma for
determination of organochlorinated pesticides, total PCBs, and plasma chemistry values

in African fish eagles and marabou storks. In addition, morphometric data was collected.

Materials and Methods

Adult Eagle Capture

Affican fish eagles were sampled at Lake Mburo, a six km® freshwater lake in
South Western Uganda (0°. 39' S, 30°. 57" E) situated in a 256 km? national park, and on
Lake Victoria at Entebbe, from Nfo Island (0°. 00' N, 32°. 26' E) to Kisubi Bay (0°. 05' N,
32°. 35'E). Fish eagles were sampled in July, August and December 2002 at Lake Mburo
and August 2002 and January 2003 at Entebbe. Forty five percent of birds were sampled

between 0600 and 1200 hours and 55% between 1200 to 1800 hours.
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Adult fish eagles were captured on the water using a “snare vest” technique. At Lake
Mburo, the boat used was an inflatable 3 m x 1.46 m Seaeagle 8 with motormount
(SeaEagle Boats, Port Jefferson, NY) crewed by three and powered by a five horsepower
(hp) Yamaha outboard motor (Yamaha Motor Corporation, Kennesaw, GA). At Entebbe,
a 6.1 m local fishing vessel crewed by four and powered by Yamaha outboards, ranging
from 5 to 40 hp was used. Fish fitted with the snares were tilapia (Oreochromis niloticus)
between 15-25 cm in length and approximately 300 - 400 g. A ventral midline incision
from the anogenital opening to the lateral fins was made and the viscera removed. Foam
and small pebbles were inserted in the coelomic cavity and mouth so the fish would float
laterally on the water surface. The body cavity and mouth were sewn closed with a
simple continuous suture pattern using 8 pound test (3.6 kg) 0.12” diameter
monofilament fishing line (Stren Fishing Lines, Madison, NC). Multiple loops used to
make the snares were constructed from 25 pound test (11.3 kg), clear or pale green,
monofilament nylon, 4.8 mm (0.19”) diameter fishing line (Pure Fishing, Spirit Lake,
IA). To create the snares, a 60-80 cm piece of 25 pound test line was cut and a “figure of
eight” knot tied loosely in one end (Figure 2.2 a,b). The end of the line used for the final
knot was then placed through one circle of the eight to create a slipknot and excess line
was pulled thru to make 5-6 cm diameter snares and a free end of line (Figure 2.2 c).
Hemostats and tension were then applied to the line to loosely set the knot and excess line
near the slipknot was cut. Eight to twelve snares were made per fish. The free end of the
line was threaded through an eyed needle that was used to penetrate the body of the fish.
This allowed the line to exit on the underside of the fish as it floated laterally in the

water. Most often, snares were placed at equidistant intervals to cover the whole floating
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surface of the fish. The free ends of the line were brought together and held in place by a
lightly clamped hemostat. They were then tied on themselves with multiple square knots
and the excess line cut. The completed snare vest (Figure 2.1) was then set aside until just
before use. Sixty pound test (27 kg), 6.3 mm (0.25”) diametf:r, monofilament fishing line
(Danielson Company Inc., Auburn, WA) was used to attach the snare vest to a wooden
reel, manually held by an operator after being attached to the boat. To prepare the snare
vest for immediate use, the free ends of the 25 pound test line were attached to the 60
pound test line by a series of square knots. The snared fish was then placed in the water
and allowed to gain distance from the boat by passively drifting or actively paddling
away from the fish. Distance from the boat ranged from 6.1 m to 30 m. Once an eagle
was entangled by a digit in a snare, the field crew paddled to it while maintaining tension
on the line. Shoulder length, kevlar lined animal handling gloves (VetPro Warden gloves,
Medical Service Associates, Newington, CN) were used to retrieve the eagle by securing
both legs in the tibiotarsal region. A second operator then covered the head with a bag
and supported the body until the bird could be taken to shore for sampling. Two pairs of
gloves were used to ensure safe transfer of the bird from the operator in the boat to an
operator on shore. Fish eagles swim well so there was little risk of drowning. Once all
samples had been collected and measurements taken and recorded, the eagle was placed
in a large cotton sack, weighed and released from land at the closest point possible to the

capture location. Average time from capture to release was 32 minutes (range 20-45).
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Marabou Stork and African Fish Eagle Nestling Capture

Marabou stork nestlings were sampled in January 2003 in the center of Kampala
city, along Nile Avenue, one of the main thoroughfares. All nests were in the introduced
white cedar tree (Tabebuia pentaphylla). Fish eagle nestlings were sampled at Lake
Mburo and Entebbe locations as previously described for adults. Marabou Stork and fish
eagle nestlings were temporarily captured for sample collection using professional tree
climbing methods based on those described in the National Tree Climbing Field Guide
(USDA Forest Service 1996), with modifications for tropical tree species and
environmental conditions. The majority of the trees climbed were Chlorophora excelsa,
Antiarus toxocara and Acacia sieberiana. Average tree height was 29.87 m at Entebbe
(range 17.10 - 46.33 m) and 11.58 m at Lake Mburo (range 6.40 - 18.89 m) and average
nest height was 22.55 m (range 12.80 - 34.74) at Entebbe and 8.84 m (range 3.96 - 16.46)
at Lake Mburo. The main method of tree ascent was using tree climbers with 70 mm
gaffs (Klein Tools Inc., Chicago, IL), a leather climbing saddle (Weaver Leather Inc., Mt.
Hope, OH), locking carabiners (Petzl America, Clearfield, UT), tubular webbing and
lanyards. Lanyard types used were 13 mm steel core 3.7 m (New England Ropes, Fall
River, MA) combined with microcenders (Petzl America, Clearfield, UT) or a two in one
Prusik lanyard. Rope type used for rappelling and occasional ascending was Kernmantle

46 m, 11mm diameter static line (New England Ropes, Fall River, MA).

When necessary fish eagle and stork nestlings were gently coaxed to the side of
the nest using an “eagle hook”. This was either a converted telescopic car aerial (Scosche,
telescopic fender mount antennae, Oxnard, CA) twisted at the end to form a hook or an

ice gaff (Mason Tackle Company, Otisville, MI), with the point of the hook covered with
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protective plastic. The ice gaff was also used by the climber to fend off Marabou storks,
who often were very protective of their young. Adult fish eagles did not interfere with
sampling of nestlings. Fish eagle and stork nestlings were placed singly into a 40 cm
diameter nylon bag specifically designed for similar work with bald eagle (Haliaeetus
leucocephalus) nestlings (The Taku Tailor, Juneau, AK). The bag had a padded bottom,
velcro tab fasteners and multiple ventilation holes. The bag was attached to a rope and
lowered to the ground for sampling. Average time from capture to release for fish eagle
nestlings was 32 minutes (range 10-60 minutes) and for marabou stork nestlings was 15

minutes (range 7-22 minutes).

All procedures utilizing birds in this study were carried out under approval of the
Michigan State University All University Committee on Animal Use and Care. Research
permits were granted by the Uganda National Council for Science and Technology and

the Uganda Wildlife Authority.

Results

Twelve adult eagles were captured (ten at Lake Mburo and two at Entebbe) using
the snare vest method. The ratio of number of birds caught to attempts eagles made to
take the snared fish was 1: 6 at Lake Mburo and 1:10 for Lake Victoria at Entebbe. The
ratio of the number of birds caught to the number of times the snared fish was offered to a
fish eagle, irrespective of whether an attempt was made to catch the snared fish was 1:8
~ for Lake Mburo and 1:36 for Lake Victoria. One hundred and twenty capture attempts

were made over ten days at Lake Mburo and 72 attempts over nine days at Entebbe. Ten
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eagles (83%) were trapped by a snare encircling the bird’s third (middle) digit. There

appeared to be no consistent area of the fish that was struck by the birds.

Eighteen fish eagle nestlings were sampled by the tree climbing methods
described. Eight nestlings were sampled at Lake Mburo from five nest sites and ten from
Lake Victoria at five nest sites. Nestlings often could not be visualized, even with
binoculars before trees were climbed. At two nests (containing two nestlings each) the
nestlings were at fledging age and flew off when the climber approached the nest. Two
returned to the nest unaided while two swam to the lakeshore where they were retrieved,
sampled and returned to the nest. Nests were viewed daily for an average period of three
days after sampling and no problems such as abandonment or interrupted feeding were
noted. However, visualization of the chicks was often impossible from the ground.
Parents returned to their chicks either immediately after the retreat of the climber, or soon

thereafter.

Twenty-one marabou stork nestlings were sampled from twelve nests, in six trees
in one colony during an eleven-hour period. Parents either never left the nest (and
vigorously defended the chicks) or remained close to the nest and returned upon retreat of
the climber. The success rate, defined as trees climbed with at least one chick sampled
(nestlings under 800g were deemed too small to sample safely) was 100% for storks and

55% for eagles.
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Discussion

The success of the snare vesting capture technique for African fish eagles was site
dependant. The reasons that snare vesting was more successful at Lake Mburo than Lake
Victoria were multi-factorial. Fish eagle population density is greater per 100 meters of
shoreline at Lake Mburo than Entebbe. The density allowed the researcher’s to exploit
the extreme territoriality of fish eagles to aid the capture process. Laying a snared fish on
the suspected borderline between two territories created competition for the food resource
and led to more attempts to take the fish. Competition occasionally led to a rushed, less
calculated approach to the snared fish by the eagle thus increasing capture success.
Smaller territory size and closer placement of the snared fish to the eagle perching trees
also appeared to increase the number of eagles caught at Lake Mburo. The smaller
inflatable boat used at Lake Mburo was more maneuverable than the large wooden boat
used on Lake Victoria. This facilitated quick and accurate placement of the snared fish at
a desirable site. Quick placement of the snared fish was important as many eagle attempts
to take the snared fish occurred five minutes or less after snare placement. Furthermore,
the usually calmer waters at Lake Mburo helped with snare placement and thus capture
success. Optimum time of day for capture at both sites was early morning (0700-0900
hr) and late afternoon (1600-1800 hr), corresponding to observed peak eagle fishing

activity.

Color and size of fishing line was important, as eagles would avoid fluorescent
green line and “abort” their approach to the snare at the last second. Clear line was the
ideal color. Lines heavier than 25-pound test (11.3 kg) became too difficult to create

small easily knotted nooses.
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When releasing eagles, it was important to choose the release site carefully. The
release site had to be within the eagle’s territory or an area where the bird would not be
attacked by con-specifics. The latter occasionally happened.(with no untoward sequelae)
to a bird snared in the water before retrieval could occur. A release site with a view of
the lake, and far enough back from the shore so the eagle could orientate itself before
attempting flight proved optimal. The only complication arising from this snare vesting
technique was that on two occasions, an eagle broke free of the vest with a snare
encircled around the third digit. One of these eagles was captured on a subsequent second
attempt and the snare was no longer present. It is suspected that removal of the slipknots

by the eagles could be accomplished with ease, however this was not proven.

The major variables with the snare vest technique that negatively impacted
capture rates were snare number and size. Having small numbers (less than five) of larger
snares (greater than 8 cm diameter) rarely proved successful. Eight to twelve snares per
fish was optimal. However, the use of four snares proved successful for the capture of

bald eagles (Bowerman 2001).

The high success rate for sampling marabou stork nestlings was largely due to
easy nest accessibility, the high degree of visibility of chicks from the ground and the
well defined seasonality of their breeding cycle (Pomeroy, 1977, 1978a). For eagle
nestlings, the success rate was aided by predetermination of nest activity status, based on

female eagle activity, nest size, state of nest repair and amount of droppings/prey remains
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under the nest. The lower success rate with eagle nestlings was partially due to the lack of
a defined and studied breeding pattern at both our sample sites and an inability to see into

the nest from the ground.

We conclude that the climbing methods described in this paper are successful for
the safe sampling of nestling marabou storks and African fish eagles. In addition, snare
vesting, as described in this communication may be an effective method to catch adult
African fish eagles with a success rate that depends on multi-factorial local site
conditions. The technique, with modifications, knowledge of local site conditions and
species biology could have applicability to the capture of other large piscivorous eagle

species.
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Figure 2.1: Fish snare vest utilizing tilapia (Oreochromis niloticus). Note fish floats
laterally due to Styrofoam in the coelomic cavity and small pebbles in the mouth. A total

of eight to twelve snares were made per fish.

Figure 2.2: A modified "figure of eight" slipknot was used to tie nooses on the snare vest

To create the snares, a 60-80 cm piece of 25 pound test line was cut and a “figure of
eight” knot tied loosely in one end (Figure 2.2 a,b top view). The end of the line used for
the final knot was then placed through one circle of the eight to create a slipknot and
excess line was pulled thru to make 5-6 cm diameter snares and a free end of line (Figure

2.2 ¢ bottom view) (drawings by A. R. Gandolf).
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Figure. 2.1: Fish snare vest

Figure. 2.2: Modified "'figure of eight" slipknot used to tie nooses on the snare vest
(drawings by A. R. Gandolf)
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Chapter 3
Packed Cell Volume, Biochemical Values, Blood Parasites and
Morphometric Measurements for African Fish Eagle (Haliaeetus

vocifer) Nestlings and Adults at Two Sites in Uganda
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Abstract

Packed cell volumes (PCV) and plasma chemistry parameters were measured in
15 adult and 18 nestling African fish eagles (Haliaeetus vocifer) from June 2002 through
January 2003. Morphometric measurements were taken on 15 adult eagles. All eagles
were sampled for blood parasites and sexed by erythrocyte DNA extraction. Ten adults
and eight nestlings were sampled from Lake Mburo and five adults and ten nestlings from
Lake Victonia near Entebbe in Uganda. Analysis of variance was conducted to assess the
association between site, age, gender and plasma chemistry parameters and the
association between gender and morphological characteristics. Plasma chemistry values
reported for nestling and adult African fish eagles are similar to those reported for other
captive and free-ranging eagle species. Packed cell volumes for nestlings were markedly
lower than values reported for similarly aged nestlings of other eagle species. There was
no significant difference (p > 0.05) in PCV of nestling eagles of different body weights.
There was variation in all measured plasma chemistry parameters between adults and
nestlings, most significantly (p < 0.05) PCV, calcium, phosphorous, potassium,
cholesterol and creatine kinase (CK), all of which were lower in adults, except aspartate
transaminase (AST), which was higher. Plasmodium cicumflexium like parasites were
present in the erythrocytes of three nestlings from Lake Mburo. Like other Haliaeetus sp.
body weight, bill depth, culmen, toepad and hallux length as well as bill depth
measurements were significantly (p < 0.05) greater for females than males. The data
provides baseline biological and physiological information that may prove useful in the

management and study of captive and wild populations of African fish eagles.
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Introduction

The African fish eagle (Haliaeetus vocifer) inhabits lakes and waterways
throughout sub-Saharan Africa (Brown, 1980). It does not appear in the appendices of the
Convention In Trade of Endangered Species (CITES). The African fish eagle fills a
position of tertiary avian predator, its diet being predominantly fish (Stewart et al 1997).
This is a similar niche to that filled by the bald eagle (Haliaeetus leucocephalus) in lake-
based ecosystems in North America. The bald eagle has been proposed as an ecosystem
monitor species of Great Lakes water quality, particularly in regard to the toxic effects of
organochlorinated compounds on piscivorous wildlife (Bowerman, 2003). Given the
widespread distribution of the African fish eagle and its relative abundance, it may also
be a valuable indicator species of water quality in African lake-based ecosystems, such as
Lake Victoria. However, there are many factors that determine what constitutes an
effective biomonitor species, including a comprehensive knowledge of the basic biology
and physiology of the species. Establishing baseline hematological, plasma chemistry and
morphological parameters can help fulfill this requirement of an effective biomonitor
species. With rapid population growth, urbanization and an expanding economy, Uganda
needs effective methods to assess the quality of its environment. Development of suitable
bioindicator species are part of a multifaceted approach to effectively assess

environmental changes and to monitor the impact of such changes on wildlife.

In addition to providing baseline physiological data to create potential
biomonitors, proactive data collection on raptor populations in their natural habitats is

preferable to data collected on small numbers of captive specimens. The latter has

41



become necessary for some raptor species, such as the Spanish Imperial Eagle (Aquila

adalberti), due to declines in the wild population (Garcia-Montijano et al 2002).

Much of the information on African fish eagle behavior, biology and physiology
is anecdotal, dated, site specific and non-standardized. There are no known reports
describing plasma chemistry or hematological parameters in adult or nestling African fish
eagles. Morphometric data on adult African fish eagles, to the best of our knowledge, is
not published in the scientific literature. This paper presents packed cell volumes (PCV),
plasma chemistry values, blood parasite analysis, and morphometric data on nestling and
adult African fish eagles of known sex. The sampling of African fish eagles for the
parameters reported in this paper formed part of a larger study with objectives to
determine concentrations of organochlorinated pesticides and total polychlorinated
biphenyls (PCBs) from eagle plasma, total mercury content in feathers, characterize eagle
nest site habitat and assess the species potential as a biomonitor. The objective of this
paper is to provide physiological data that may prove useful in the development of this
species as a biomonitor, as well as facilitate the conservation and management of captive

and wild populations of African fish eagles.

Materials and Methods

African fish eagles were sampled at Lake Mburo, a six km long freshwater lake in
south western Uganda (0°. 39' S, 30°. 57 E) situated in a 256 km? national park, and on
Lake Victoria near Entebbe, from Nfo Island (0°. 00' N, 32°. 26' E) to Kisubi Bay (0°. 05'

N, 32°. 35'E). Fish eagles were sampled at Lake Mburo in July, August and December
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2002 and at Lake Victoria in August 2002 and January 2003. Thirty-three eagles were
sampled: ten adults and eight nestlings from Lake Mburo and five adults and ten nestlings
from Lake Victoria. Forty five percent of birds were sampled between 0600 and 1200

hours and 55% between 1200 to 1800 hours.

Adult fish eagles were captured on water using a fish “snare vest” technique.
Tilapia (Oreochromis niloticus) were fitted with fishing line snares (loops) and packed
with foam so the fish floated laterally. A total of eight to twelve 5 - 6 cm diameter snares
with a free end of line were made per fish. The free ends of line penetrated the body of
the fish and were then tied on themselves and the excess line cut. The line was attached to
a hand held reel and the fish placed in water. Once captured, the eagle was retrieved and
secured by the legs in the tibiotarsal region. Fish eagles swim well so there was little risk
of drowning. On shore, the eagles were placed in dorsal recumbency and the eyes
covered. Ten ml of blood were collected from the brachialis vein via a 21 or 23 gauge x
1.9 cm (% inch) butterfly catheter (Surflo Winged Infusion Set, Elkton, MD) connected
to a 10 ml syringe (Luer Lok Tip Syringe, Becton Dickinson and Company, Rutherford,
NJ) flushed with sodium heparin (100 IU/ml). The blood was immediately transferred to
a 10 ml lithium heparin vacutainer. An additional 4 ml of blood was drawn and placed in
a 5 ml EDTA vacutainer (Becton Dickinson, Franklin Lakes, NJ). Three blood smears
were made with fresh blood using the slide on slide technique (Campbell, 1988). Fresh
whole blood was also used to determine blood glucose levels (Medisense 2® card
glucometer utilizing precision plus sensors®, Medisense Inc, Bedford, MA). A drop of

whole blood was placed on a commercially prepared paper sample card for molecular sex
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determination based on total erythrocyte DNA (Avian Biotech International, Tallahassee,
FL). Five whole breast feathers were hand plucked for determination of total mercury
concentrations. A physical examination including scoring body condition (based on
pectoral muscle mass and feather condition), whether the crop was empty or full and a
visual description of any abnormalities were made. Body measurement methods used
were the same as those described for the bald eagle (Bortolotti 1984 a b). Length of the
eighth primary feather and footpad were determined with a 60cm ruler (Figure 3.2)
(Pickett brand Model ASE 24, Forestry Suppliers, Jackson, MI). Hallux and culmen
length, as well as bill depth were measured using a dial caliper (Figure 3.3.) (model SPI
2000, Forestry Suppliers, Jackson, MI). Birds were banded with 18-22mm internal
diameter metal rivet bands inscribed with a three letter sequential code and the word
“MAKERERE” (Gey Band and Tag Company, Norristown, Pennsylvania, USA). The
bands were colored either red or gold for Lake Mburo and black for Entebbe. Suspected
female birds were banded on the left leg and suspected males on the right leg. Lastly,
birds were placed in a cotton sack and body weight recorded by a spring balance with
gradations of 100g (Homs model 20, Douglas Homs Corp., Belmont, CA). Eagles were
then released from land at the closest point possible to the capture location. Average time
from capture to release was 34 minutes (range 20-45 minutes). African fish eagles were
classified as adult if they had attained full adult plumage color (i.e. were at least five

years old).

African fish eagle nestlings were retrieved for sampling from the nest using

professional tree climbing methods (USDA Forest Service, 1996). The main method of



tree ascent was using tree climbers (Klein Tools, Chicago, ILL). Eagle nestlings were
gently coaxed to the side of the nest using an “eagle hook” modified from a car aerial or
ice gaff. Eagle nestlings were placed singly into a ventilated nylon bag and lowered to the
ground for sampling. Sampling of nestlings was as described for adults with the
exception that the volume of blood collected varied from four to 14 ml depending on
body weight. Eagles were aged to within +/- 3 days based on body weight and the

calculations presented by Sumba (1988).

Samples were placed in a chilled cooler. Time of sampling to storage of plasma in
liquid nitrogen was 3.5 hours (range 2-9 hours). Packed cell volume and total plasma
protein (TPP refrac) were determined in the field. Microhematocrit capillary tubes (2)
were centrifuged at 3000 rpm for 5 minutes (Vulcon Mobilespin PS126-6, Vulcon
Technologies, Grandview, MO) and an average PCV reading recorded. Total plasma
protein was determined using a temperature compensated refractometer (Leica Inc.
Optical Products Division, Buffalo, NY). The remaining blood was centrifuged at 3000
rpm for ten minutes. Plasma was observed visually for hemolysis, icterus, and lipemia
and these changes subjectively classified as slight, moderate or severe. Plasma was
pipetted into five 2 ml cryovials (Cryogenic Vial, Corning Incorporated, Corning, NY)
and deposited into a MVE Doble-20 Vapor Shipper/Liquid Nitrogen Tank (MVE Bio-
Medical Systems, Burnsville, MN). Plasma samples were transported to the Diagnostic
Center for Population and Animal Health (DCPAH) at Michigan State University
Veterinary Medical Center (MSU) then transferred to a — 80°C freezer until analyzed.

Analysis occurred five months after sampling for 14 of the samples and less than one
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month for the remainder. Plasma chemistry analyses were performed at the clinical
pathology and endocrinology laboratories of the DCPAH at MSU. The plasma chemistry
analyses were performed on an Olympus AU640 chemistry analyzer, (Olympus America
Inc., Irving, TX). The electrolyte analyses were performed with a sodium potassium
crown ether membrane while the chloride analysis employed a molecular oriented
polyvinylchloride membrane. Calcium (Ca), phosphorous (P), TPP col, albumin,
aspartate transaminase (AST), creatine kinase (CK), cholesterol and uric acid were
performed using olympus reagents. Sodium/potassium ratio, and globulin were calculated
from the measured parameters. Total plasma thyroxine (TT4) was measured by two
methods: a commercial radioimmunoassay (TT4 RIA) (Diasorin Inc., Stillwater, MN)
and a colorometric ELISA (TT4 ELISA) specifically designed to assess thyroid function
in a range of animal species, including birds (Oxford laboratories, Oxford, MI. Not
commercially available at the time of publication). Total plasma triiodothyronine (TT3)
was measured using an assay prepared in house at the endocrinology laboratory, DCPAH
at MSU. Molecular sex differentiation used a polymerase chain reaction based on the first

gene of the avian W chromosome (CHD) (Ellegren, 1996; Griffiths et al 1998).

Blood smears for blood parasite analysis were stored unstained in slide boxes.
Prior to examination, they were fixed in absolute methanol and then stained with giemsa.
Each slide was examined in its entirety (250X), then for ten minutes (500X) and for an
additional ten minutes under oil immersion in two five minute sessions (1250X). Both red
and white blood cells were examined. The degree of parasitemia was expressed as the

percentage of erythrocytes infected per 1000 erythrocytes counted. Parasitological
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analysis was conducted at the Michigan Department of Natural Resources Rose Lake

Pathology Laboratory.

Analysis of variance was conducted to assess the association between the risk
factors of site, age (nestling or adult), gender and plasma chemistry parameters. Analysis
of variance was also used to assess the association between morphological characteristics
and sex of adult fish eagles (SAS PROC ANOVA for categorical risk factors, and SAS
PROC GLM for continuous risk factors. SAS 8.2, 2001. SAS Inc., Cary, NC). These
analyses were conducted at the univariable (only one risk factor at a time) and
multivariable level. Multivariable analyses were conducted to adjust the effect of
selected risk factors simultaneously. The level of significance (type 1 [a] error) was set at
p < 0.05. Descriptive statistics were done using Excel (Microsoft Excel, Microsoft
Corporation, Redmond, WA). An outlying value was defined as being 1.5 times greater
or less than the interquartile range. Descriptive statistics are emphasized due to the small
sample size. This emulates the methods of other studies examining wild avian
hematological and plasma chemistry values where only small sample sizes could be

obtained (Garcia- Montijano 2002; Lumsden 1998).

All procedures utilizing birds in this study were carried out under approval of the
Michigan State University All University Committee on Animal Use and Care. The
Uganda National Council for Science and Technology and the Uganda Wildlife Authority

granted research permits for this project.
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Results

Plasma chemistry values and PCVs are presented for adult (Table 3.1.) and nestling
(Table 3.2.) African fish eagles. Morphometric data are presented for adult African fish
eagles divided by sex (Table 3.3.). Results of analysis of variance of the morphological
data are presented in Table 3.4. Results of analysis of variance of the plasma chemistry
data are presented in Table 3.5. Results of multivariable analysis of variance of PCV in
African fish eagle nestlings is presented in Table 3.6. Two of the plasma samples, a
nestling from Lake Victoria and an adult from Lake Mburo were slightly hemolyzed.
Two plasma samples showed slight (nestlings from Lake Mburo), two moderate
(nestlings from Lake Victoria) and one sample severe lipemia (nestling from Lake
Mburo). Three nestlings from Lake Victoria had an empty crop and seven had full crops.
Four nestlings from Lake Mburo had empty crops and four had full crops. Three adults
from Lake Victoria had full crops and two had empty crops. Six adults from Lake Mburo
had empty crops and four had full crops. All birds were in good body condition as
assessed by pectoral muscle mass and general physical examination. There was a weak
positive correiation between blood glucose levels and a full crop (r* = 0.012). The mean
PCYV for nestlings was 0.27 L/L. There was no significant difference (p > 0.05) in PCV of
nestling fish eagles of different body weights. Plasma chemistry values that were
significantly (p < 0.05) different between adults and nestlings were AST, phosphorous,
potassium and CK, all of which were lower in adults, except AST. Aspartate

transaminase values were significantly (p < 0.05) higher in adults than nestlings. There

were significant differences (p < 0.05) in cholesterol, albumin, potassium, phosphorous,

TT3 and TT4 RIA values in fish eagles between the study sites. There was a weak
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positive correlation (r* = 0.032) for TT4 levels measured by radioimmunoassay and

ELISA methods. The ratio of TT4 ELISA/TT3 was 4.74.

Total plasma protein values were consistently higher when measured using a temperature
compensated refractometer in the field than with a colorimetric method in the laboratory.

Mean values for nestlings were 9g/L higher and adult values 10 g/L higher for
measurements taken with a refractometer. A strong positive correlation existed between

values returned by each method (r = 0.76).

One female nestling (estimated age 52 + 3 days) from Lake Mburo had moderate
numbers of erythrocytes (6%) infected with a Plasmodium circumflexium like parasite.
Two nestling siblings (estimated ages 42 and 44 + 3 days), a male and female from Lake
Mburo, had light burdens (2% erythrocytes infected) of the same parasite. The nestlings
infected with blood parasites also had old, healing digital abrasions, showed the poorest
body condition of all the birds examined and had moderate burdens of an unidentified
species of lice and hippoboscid flies. One infected bird was sampled at 0900, the second

at 1200 and the third (with the heaviest burden) at 1300.

Body weights, culmen, footpad, 8" primary feather length, and bill depth
parameters were significantly (p < 0.05) greater in adult female than in adult male fish
eagles. Female fish eagles were on average 20% heavier than male fish eagles. The ratio
of male to female culmen, footpad, 8" primary feather length, and bill depths were 0.87,

0.89, 0.91 and 0.92 respectively.
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Discussion

Packed cell volumes for nestlings in this study were markedly lower than nestling
values reported in other eagle species (Redig, 1993; Bowerman 2000; Hoefle et al 2000).
The mean PCV of African fish eagle nestlings in this study was 0.27 L/L. Values
reported for wild bald eagle nestlings are 0.34 L/L (Redig, 1993) and 032 L/L
(Bowerman 2000). Values reported for wild Spanish imperial eagles Aquila adalberti
were also 0.32 L/L (Hoefle et al.,, 2000). Despite African fish eagles having a similar
fledging period as these two eagle species, birds of a similar age to those sampled in the
above studies still had lower PCVs. Despite the small nestling sample size (n =18), there
were no low outlying values (greater than 1.5 times lower than the 25™ percentile of the
sample) to confound the results. Only three of 18 nestlings had internal or external
parasite burdens that may have contributed to the low PCV. Exclusion of nestlings with
blood parasites from the sample size did not significantly raise the mean nestling PCV
(27.44 to 28.13). However, the nestling with the greatest parasite burden had the lowest
recorded PCV of all birds sampled (0.20 L/L). The two nestlings with light parasite
burdens had PCVs equal to the 25" percentile of the total nestling sample size. All
nestlings were considered to be well nourished by visual examination and no nestlings
were considered in poor body condition. The finding that there was no significant
association between PCV and body weight is surprising. Although there may be some
variation due to factors such as nutrition, there should be a positive correlation between
body weight and age over the period of fledging growth (Sumba 1988). Therefore, PCV

should increase with age. Due to the small sample size, results may not be statistically
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valid as PCV would be expected to increase with age, as reported in studies on captive
white storks, Ciconia ciconia (Montesinos et al 1997) and psittacines (Clubb et al 1991).
It may be that rapid increases in PCV only occur once nestlings have an increased oxygen
demand at the time of fledging (Hawkey et al 1984). Few studies have examined PCV in
relation to nestling age in wild raptors. The reason for the lack of studies may be the
greater number of studies conducted on species from temperate regions. Raptors from
temperate regions are likely to have well defined breeding seasons, hence nestlings
sampled in a particular temporal and spatial period would be expected to be of a
comparable age. Such is not the case with African fish eagles from tropical climates
where populations may contain eagle pairs with eggs, just hatched young or nestlings

about to fledge at the same time.

Sex based variation in AST levels has been recorded in some avian species (Gee
et al 1981). The variation in potassium values between adults and nestlings and the
absolute values are similar to those reported for bald eagles (Bowerman 2000; Redig
1993). Red blood cell lysis may precipitate elevated extra-cellular potassium levels
(Fudge 1994). Variation in CK levels is most likely indicative of muscle damage or
injection site trauma during sampling, although overtly, struggling was usually minimal.
Due to the small sample size, the data presented may not be statistically significant thus

caution should be exercised with interpretation.

Total plasma thyroxine and triiodothyronine values presented should be

interpreted cautiously. Serum levels of thyroid hormones and the ratio of TT4 to TT3 can
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vary greatly between genus, species and individuals (Rosskopf et al 1982). This is
illustrated by the ratio of TT4 ELISA/TT3 being 1.79 for marabou stork nestlings and
4.74 for fish eagle nestlings in this study. The short half lives of avian TT3 and TT4 can
lead to significant diurnal variation in plasma concentrations of these hormones.
Hyperthermia and stress may also reduce serum TT4 concentrations (Rae 2000). Birds
have relatively low concentrations of TT4 compared to humans, so human TT4 RIA may
have low sensitivity in avian species. In addition, commercially available human
radioimmunoassay kits that have not been standardized in a particular laboratory by using
serum from euthyroid birds are difficult to compare between laboratories, different

commercial kits and different species (Merryman and Buckles 1998).

The finding that TPP values were consistently higher when measured using a
temperature compensated refractometer in the field than with a colorimetric method in
the laboratory may support studies that demonstrated poor reproducibility of values using
refractometry to determine avian plasma protein values (Lumiej and Maclean 1996). This
may indicate that refractometric methods should be used only as an approximation of

plasma protein levels.

Bennett et al (1977) recorded blood parasite prevalence in a variety of avian
species (not including African fish eagles), over S years at Zika Forest (about 30 km from
Kampala). They found an overall prevalence of 34.8 % with the vast majority of
infections being Haemoproteus spp. Plasmodium spp. infection comprised only

approximately two percent of all infections and there appeared to be a slight positive
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correlation between parasite prevalence and rainfall. Our samples were taken during the

dry seasons.

Little morphometric data exists on African fish eagles. Average body weights in
this study are similar to those cited by Sumba (1988) for captive fish eagles at Entebbe of
2.250kg for males (n = 3) and 2.835 kg (n = 2) for females. Body weight ranges
presented by Brown (1980), 3.000-3.600kg (n = 3) for females and 1.986-2.497 kg (n =
4) for males, fall within ranges found in this study. The morphometric data supports the
conclusion that, like other Haliaeetus species, females have a larger body mass than

males.

It is hoped that the information presented in this paper can be utilized as a
foundation on which further research can construct a comprehensive biological and
physiological database for the African fish eagle. Such a database may prove a valuable
diagnostic tool for the conservation of individual species, and the management and
monitoring of ecosystem health, through use of the species as a biomonitor. Such long-

term conservation goals are necessary and warranted on the African continent.
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Table 3.1: Packed cell volumes and selected plasma chemistry values and morphometric
measurements, from adult African fish eagles (Haliaeetus vocifer) sampled at Lake

Mburo and Lake Victoria near Entebbe, Uganda (n =15).

*PCV = packed cell volume

® TPP refrac = total plasma protein measured by refractometry

*TPP Col = total plasma protein measured by a colorimetric method
4TT4 radioimmunoassay = thyroxine radioimmunoassay

‘TT4 elisa = thyroxine enzyme linked immunoabsorbent assay

'TT3 = triiodothyronine

¢ AST = aspartate transaminase

R CK = creatine phosphokinase

‘P = phosphorous

INa/K = sodium/potassium ratio

k = determined on whole blood
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Table 3.1 Packed cell volume, plasma chemistry values and morphometric
measurements from adult African fish eagles

Mean Median SD Q1 Q3 Min Max

"PCV L/L 045 045 00225 044 046 043 0.53
"TPP Refracg/lL 48 47 4.7 45 52 38 54
“TPP Col g/LL 38 38 4 35 41 30 42
4TT4 nMol/l 44 40 203 3.0 55 10 80

°TT4 ElisanMol/l 1456 1250 861 925 1620 6.60 41.60
TT3 nMol/l 16 15 041 12 1.7 1 2.4
*Glucose mMol/L 124 119 201 107 128 103 163
EAST U/L 194 152 117 139 199 121 590
Calcium mMolV/L. 24 24 013 234 250 212 257
"CK UL 217 215 53 184 252 127 320
'P mMol/L 074 068 030 048 092 042 145
Uric Acid mMol/L 0998 1011 0408 0.690 1.190 0.291 1.731
Albumin g/L 12 12 1.3 12 13 11 15
Globulin g/L 25 26 3.3 23 28 19 30
Sodium mMoVL 153 155 556 153 155 143 16l
Potassium mMol/L 1.3 1.2 0.33 1.1 1.5 1.0 1.8
INa/K ratio 123 127 3167 95 144 87 16l
Chloride mMol/L 115 116 521 112 117 105 124

Cholesterol mMol/L 4.69 4.56 0644 422 505 386 6.16
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Table 3.2: Packed cell volumes and selected plasma chemistry values from nestling
African fish eagles (Haliaeetus vocifer) sampled at Lake Mburo and Lake Victoria near

Entebbe, Uganda (n =18).

*PCV = packed cell volume

® TPP refrac = total plasma protein measured by refractometry

¢TPP Col = total plasma protein measured by a colorimetric method
4TT4 RIA = thyroxine radioimmunoassay

¢ TT4 ELISA = thyroxine enzyme linked immonoabsorbent assay
*TT3 = triiodothyronine

& AST = aspartate transaminase

" CK = creatine kinase

"Na/K = sodium/potassium ratio

Jp = phosphorous

% = determined on whole blood
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Table 3.2. PCV and plasma chemistry values from nestling African fish eagles

Mean Median SD Q1 Q3 Min Max

Age days 27 22 12 18 37 9 52
Weight Kg 145 133 063 091 194 050 2.60
*PCVL/L 027 028 003 026 030 020 033
® TPP Refrac g/L 45 45 4 44 48 36 52
“TTP Col g/L 36 37 4 32 39 27 42
4 TT4 RIA nMol/l 8 7 4 5 11 2 15

* TT4 elisa nMol/l 1144 1050 248 980 1320 8.10 16.00
'TT3 nMol 228 230 043 210 260 140 280
“Glucose mMol/L 138 143 18 126 149 104 177
tAST UL 122 120 34 95 143 75 185

Calcium mMol/L 262 265 01 260 270 240 280
"CK UL 906 754 515 517 1201 178 1880
P mMol/L 197 168 084 155 213 077 391

Uric Acid mMol/L 0.898 0922 0345 0660 1.041 0422 1.65

Albumin g/L 13.8 13.5 2.1 12.3 160 100 170
Globulin g/L 220 21.0 36 203 245 160 280
Sodium mMol/L 148 148 2 147 149 145 154

Potassium mmol/L 2.45 230 065 210 290 130 380
'Na/K ratio 65 65 19 51 71 38 112
Chloride mMol/L 110 111 5 107 113 101 118

Cholesterol mMol/L  5.49 5.36 1.11 4.76 624 329 741
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Table 3.3: Morphometric measurements of adult male and female African fish eagles

(Haliaeetus vocifer) (n = 15) from Lake Mburo and Lake Victoria near Entebbe.
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Table 3.3. Morphometric measurements of adult male and female African

fish eagles
Adult Male Fish Eagles (n=9)
Mean Median SD Q1 Q3 Min Max
Weight (Kg) 23 23 0.1 23 24 2.1 25
8® Primary (mm) 380 387 16 380 38 340 391
Footpad (mm) 109 110 5 106 112 101 116

Bill Depth (mm) 2524 2476 1.13 2464 2488 2449 2781

Culmen (mm) 3997 3954 094 3950 40.85 3835 4128

Hallux (mm) 3564 36.17 187 35.15 3640 31.29 38.02

Adult Female Fish Eagles (n=6)

Weight (Kg) 30 29 04 27 34

8® Primary (mm) 417 420 8 412 424

Footpad (mm) 123 124 5 120 125

25

405

115

36

425

128

Bill Depth (mm) 27.39 2721 1.79 26.39 28.29 25.05 30.11

Culmen (mm) 45.71 4431 5.14 4335 4496 4155 55.89

Hallux (mm) 3990 39.76 189 38.50 40.96 37.70 42.71

62



Table 3.4. Univariable analysis of variance of morphological data by gender from
African fish eagles from Lake Mburo and Lake Victoria near Entebbe (n=15)

Variable Gender

Mean (sd) F P

) Female 6 3.02 (.45)
Body weight (kg) 18.34 .0009

Male 9  236(12)

h . Female 417.50 (8.22) .
8" primary feather length (mm) 2691 .0002

Male 380.56 (15.95)

o

Female 122.67 (4.76)
Footpad length (mm) 28.30 .0001

Male 9  109.22 (4.82)

(=)

Female 6  27.39(1.79)
Bill depth (mm) 830 0129

Male 9  25.24(1.13)

Female 6 45.71 (5.14)
Culmen length (mm) 11.07  .0055

Male 9  39.97(94)

Female 6 - 39.90(1.89)
Hallux length (mm) 18.54 .0009

Male 9  35.64(1.87)
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Table 3.5: Analysis of variance of plasma chemistry values in adult (n = 15) and nestling
( n=18) African fish eagles (Haliaeetus vocifer) from Lake Mburo and Lake Victoria

near Entebbe, Uganda.

* AST = aspartate transaminase

® Chol. = cholesterol

“CK = creatine kinase

4PCV = packed cell volume

‘P = phosphorous

TT4 ELISA = thyroxine enzyme linked immunoabsorbent assay

£TT4 RIA = thyroxine radioimmunoassay

"TT3 = triiodothyronine

" TPP (ref) = total plasma protein determined by refractometry

j TPP (col) = total plasma protein determined by a colorimetric method

k = determined on whole blood
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Table 3.5. Analysis of variance of plasma chemistry values in fish eagles (n = 33)

Plasma

Variables

_Chemistry

*AST

‘CK

®Chol.

Globulin

Site
Age
Gender

Overall

Site

Age

Gender

Overnall

Site

Gender

Overall

Site

Gender

Overall

F p

82 3723
584 0222
12 7293
2.26 .1024
74 3980
27.45 <.0001
245 1282
1021 <.0001
984 0039
7.82 .0091
05 8270
590 .0028
344 0739
742  .0108
74 3979
3.87 .0193
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Plasma

Chemistry

Albumin

Calcium

Chloride

“Glucose

Variable

Site
Age
Gender

Overall

Site

Gender

Overall

Site

Gender

Ovenrall

Site
Age
Gender

Overall

F

17.17

10.55

.66

9.46

9.03

35.60

14.88

38

7122

32

2.64

73

4.62

.20

1.85

p

.0003

.0029

4222

0002

.0054

<.0001

9724

<.0001

.5405

0118

5753

0682

4008

.0402

.6591

.1608



Table 3.5

Plasma
Chemistry

Potassium

"TT4
ELISA

'TPP (Ref)

(continued)

Variables

Site
Age
Gender
Overall
Site
Age
Gender
Overall
Site
Age
Gender
Overall

Site

Gender
Overall
Site
Age
Gender

Overall

F

6.51

50.21

0.0

18.91

10.40

39.30

.19

16.83

17.76

35.56

12

18.01

.92

2.07

1.40

1.46

2.36

299

.03

1.79

.0163

<.0001

.9536

<.0001

.0031

<.0001

.3824

<.0001

.0002

<.0001

4043

<.0001

3451

.1608

2474

.2456

1352

.0943

.8631

.1703

Plasma
Chemistry

Sodium

ipcv

*TT4 RIA

Uric Acid

(Col)

Variables F
Site 32
Age 761
Gender .55
Overall  2.83
Site 25
Age 275.30
Gender 1.59
Overall  92.38
Site 20.20
Age 16.55
Gender .36
Overall  12.37
Site 3.71
Age .65
Gender 3.73
Overall  2.70
Site .01
Age 1.54
Gender .62
Overall .72

.5744

.0099

4628

0559

6225

<.0001

2181

<.0001

.0001

.0003

.5523

<.0001

0638

4250

0633

0641

9347

2249

4381

5477
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Table 3.6. Univariable and multivariable analysis of variance of packed cell volume

in African fish eagle (n=18) nestlings.

Species Variable Level n  Mean (sd) F 1]

Lake Victoria 10 29.8(1.99)
Site 2229 .0002
Lake Mburo 8  24.5(2.78)

Body weight - 18 - 235 1445
Fish
Female 7 26.71(4.57)
eagle Gender 47 .5033
Male 11 2791 (2.88)
nestlings
Site - - 21.39 .0004
Multivariable Body Weight - - 18 6759
ANOVA  Gender - - 1.17 2982
Overall - - 7.58 .0030
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Figure 3.1: Technique for measuring African fish eagle footpad length with a rigid ruler.
Tendons must be stretched to obtain maximum extension of footpad for accurate reading.

(Modified from Bortolotti 1984 a, b).

Figure 3.2. Technique for measuring African fish eagle culmen length (A), bill depth (C)

and hallux length (D). (Modified from Bortolotti 1984 a, b).
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Figure 3.1. Technique for measuring African Fish Eagle footpad length (Modified

from Bortolotti 1984 a, b)

Figure 3.2. Technique for measuring African fish eagle culmen length (A), bill depth

(C) and hallux length (D). (Modified from Bortolotti 1984 a, b)
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