
J. Comp. Path. 2017, Vol. 157, 246e255 Available online at www.sciencedirect.com

ScienceDirect
www.elsevier.com/locate/jcpa
DISEASE IN WILDLIFE OR EXOTIC SPECIES

Clinical Pathology of the Vulnerable Gough
Moorhen (Gallinula comeri)
Cor

002

http
M. P. Dagleish*, P. G. Ryan†, S. Girling‡, M. Ghazali‡ and A. L. Bondx

*Moredun Research Institute, Pentlands Science Park, Bush Loan, Penicuik, Scotland, UK, †FitzPatrick Institute of African

Ornithology, DST-NRF Centre of Excellence, University of Cape Town, Rondebosch, South Africa, ‡Royal Zoological Society

of Scotland, Edinburgh Zoo, 134 Corstorphine Road, Edinburgh, Scotland and xRSPB Centre for Conservation Science, Royal

Society for the Protection of Birds, The Lodge, Sandy, Bedfordshire, England, UK
resp

1-99

://d
Summary

The Gough moorhen (Gallinula comeri) is native to Gough Island, Tristan da Cunha, and listed as Vulnerable
by the International Union for Conservation of Nature due to its restricted range and susceptibility to intro-
duced predators. A planned ecosystem restoration by eradication of introduced house mice (Mus musculus) via
aerially delivered rodenticide requires a reproductively balanced population of Gough moorhens to be held in
captivity to avoid primary and secondary poisoning. To aid disease detection during the period of captivity,
Goughmoorhens (n¼ 43; 25 adult females and 18 adult males) were captured, measured and sampled to deter-
mine ease of sexing bymorphometrics, to establish reference ranges for routine haematological and biochemical
parameters and to identify any intestinal and haemoparasites as well as determine which faecal bacteria were
present.Male Goughmoorhens had significantly greater mean bodymass (P¼ 0.019) and head and bill length
(P ¼ 0.001) compared with females, but the overlapping ranges showed genetic identification of sex was
required for accurate determination. Plasma globulin and total protein concentrations were significantly
greater in female compared with male birds (P ¼ 0.032 and P ¼ 0.012, respectively) and probably related
to egg yolk production. No haemoparasites or gastrointestinal parasites were found in any bird and there
were no sex-related differences in the haematology. Multiple bacterial taxa were isolated from the faeces of
all birds including Enterococcus spp. (n¼ 42), Klebsiella spp. (n¼ 40), Staphylococcus aureus (n¼ 33), Staphylococcus
intermedius (n ¼ 16), Escherichia coli (n ¼ 41) and Pseudomonas spp. (n ¼ 7). No clinical or subclinical disease was
found in any of the birds examined, suggesting they are suitable for short-term captivity but rapid on-island
genetic-based sex determination will be essential to ensure a reproductively balanced population.

� 2017 Elsevier Ltd. All rights reserved.
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Introduction

The Gough moorhen (Gallinula comeri) is a flightless
land bird native to Gough Island (40.3�S, 9.9�W), a
65 km2 island that is part of the UK Overseas Terri-
tory of Tristan daCunha in the central SouthAtlantic
Ocean (Allen, 1892; Ryan, 2007). The population
was estimated to be around 2,000e3,000 breeding
pairs in the 1980s, but is poorly studied (Watkins
ondence to:M. P. Dagleish (e-mail: mark.dagleish@moredun.ac.uk).
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and Furness, 1986). This species was introduced to
Tristan da Cunha, where the Tristan moorhen (Galli-
nula nesiotis) was driven to extinction sometime in the
late 19th century, likely by introduced feral cats (Felis
catus), black rats (Rattus rattus) and habitat alteration
(Elliott, 1953; Beintema, 1972; Bourne and David,
1981). Eight Gough moorhens were introduced to
Tristan da Cunha in 1956, where they now number
around 2,000 pairs (Ryan, 2007; Groenenberg et al.,
2008). The reason the Gough moorhen has
flourished on Tristan da Cunha when the Tristan
� 2017 Elsevier Ltd. All rights reserved.

https://doi.org/10.1016/j.jcpa.2017.08.003
https://doi.org/10.1016/j.jcpa.2017.08.003
www.sciencedirect.com/science/journal/00219975
http://www.elsevier.com/locate/jcpa
mailto:mark.dagleish@moredun.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcpa.2017.08.003&domain=pdf
https://doi.org/10.1016/j.jcpa.2017.08.003


Clinical Pathology of the Gough Moorhen 247
moorhen could not survive is unknown, but it may be
due to the eradication of cats from the island in the
1970s (Richardson, 1984). On Gough Island the
Gough moorhen typically remains in dense tussock
grass (Spartina arundinacea) and fern bush vegetation,
occasionally climbing larger branches of Phylica ar-

borea trees and entering seabird burrows (Watkins
and Furness, 1986; Wanless and Wilson, 2007).
Their nests are open cups low down in the dense
vegetation (Watkins and Furness, 1986) and the
eggs and hatchlings are presumed to be vulnerable
to predation by house mice (Mus musculus) introduced
to the island during the 19th century (Watkins and
Furness, 1986; Gray et al., 2014). Its restriction to a
very small range and vulnerability to accidental
introduction of predators has resulted in the Gough
moorhen being listed as Vulnerable on the
International Union for Conservation of Nature
Red List since 1994 (Birdlife International, 2017).

House mice also threaten other species on Gough
Island, including the critically endangered Gough
bunting (Rowettia goughensis), which is endemic to
this island (Ryan and Cuthbert, 2008), and three sea-
birds that breed principally, if not solely, on Gough
Island: the critically endangered Tristan albatross
(Diomedea dabbenena), the endangered Atlantic petrel
(Pterodroma incerta) and endangered MacGillivray’s
prion (Pachyptila macgillivrayi), among others (Davies
et al., 2015; Dilley et al., 2015). Therefore, among
the UK Overseas Territories, Gough Island is
recognized as the highest priority for island
restoration (Dawson et al., 2015).

Introduced rodents have been removed from >570
islands worldwide (Howald et al., 2007; Bellingham
et al., 2010; Russell and Holmes, 2015), typically by
spreading cereal pellets laced with rodenticide across
the island by helicopter (Towns and Broome, 2003;
Cuthbert et al., 2014) or using bait stations on
smaller islands (Russell and Holmes, 2015). For
endemic obligate terrestrially-foraging species, espe-
cially generalists such as the Gough moorhen, there
is a real risk of primary poisoning (i.e. ingesting bait
directly; Wanless et al., 2010; Bond et al., 2016;
Oppel et al., 2016) and/or secondary poisoning (i.e.
ingesting poisoned rodents or other species; Empson
and Miskelly, 1999; Eason et al., 2002; Towns and
Broome, 2003; Phillips, 2010). To mitigate this, a
small, reproductively balanced population can be
placed in captivity during the eradication operation
until the rodenticide, brodifacoum, is broken down
in the environment (Empson and Miskelly, 1999;
Phillips, 2010; Rexer-Huber and Parker, 2011;
Oppel et al., 2016). Bringing wild, free-ranging species
into captivity, even for a limited period, carries several
risks including increased transmission of infectious dis-
eases, especially as the captive population density
inevitably exceeds greatly that of the free-ranging an-
imals (Goodman et al., 2012; Sainsbury andVaughan-
Higgins, 2012). Therefore, an understanding of basic
clinical pathology and reference ranges can better
prepare aviculturists managing the temporarily
captive population should individuals display
abnormal behaviour, have difficulty acclimating to
captivity or present with clinical signs of disease in
the period of captivity during the planned mouse
eradication operation (Dagleish et al., 2017).

This study reports the health status of free-ranging
Gough moorhens by undertaking the first evaluation
of standard haematological and plasma biochemical
parameters used in clinical pathology to define refer-
ence ranges and the presence of haemoparasites, and
by examining faecal samples for gastrointestinal para-
site burden and resident bacterial species, together
with the presence of any potential pathogens.
Materials and Methods

Capture, Measuring and Sampling Procedures

Gough moorhens were captured from an area of tus-
sock grass and scattered Phylica trees around the
weather station (40.349�S, 9.880�W) w30 # 54 m
above sea level. Birds were captured using walk-in
traps baited with tinned sweet corn or occasionally
house mice killed in snap traps.

Birds were held in cloth bags and weighed with a
spring balance (�5 g) then examined for subjective
assessment of body condition, head + bill measured
using Vernier callipers (�0.1 mm) and marked with
coloured nail polish on the frontal shield or non-toxic
animal marker spray on the back feathers to denote
the animal had been sampled (this species is not suit-
able for marking with leg rings [Rexer-Huber et al.,
2012] and individual identification after sampling
was not required). Subsequent to this, 0.5 ml of blood
was sampled via the superficial plantermetatarsal vein
using a 2.0 ml syringe with a 25 gauge� 16.0 mm nee-
dle (BD Medical, Oxford, UK), placed immediately
into 0.5 ml tubes containing lithium heparin anticoag-
ulant (0011-25, Vetlab Supplies, Pulborough, UK)
and mixed gently. The remaining blood was applied
to FTA� Classic Cards (Whatman�, GEHealthcare
UKLtd., Little Chalfont, UK) and air dried to enable
sexing by DNA analysis (see below). Faeces voided
during capture were collected and placed into 1.5 ml
sterile plastic capped tubes and processed for faecal
parasite egg content and bacteriological examination
either within 30 min or stored chilled and processed
within 6 h for bacteriology or 12 h for parasite egg ex-
amination.



248 M.P. Dagleish et al.
Haematological and Blood Biochemical Analyses

Blood samples were processed immediately for deter-
mination of haematocrit, haemoglobin concentration,
pH, pCO2, pO2, base excess, bicarbonate, total CO2,
sO2, sodium, potassium, ionised calcium and glucose
with a portable i-STAT 1 handheld analyzer using
i-STAT CG8+ cartridges (Abaxis Europe GmbH,
Griesheim, Germany) according to the manufac-
turer’s instructions. Blood samples were also analyzed
for total protein, albumin, globulin, aspartate amino-
transferase (AST), bile acids, creatine kinase, uric
acid, glucose, calcium, phosphate, potassium and so-
dium with a laboratory based VetScan VS2 using
the Avian/Reptile Profile Plus cartridges (Abaxis Eu-
rope GmbH). Parameters examined by the VetScan
VS2were performedwithin 10min of blood sampling.

Thin blood smears were prepared by placing 2 ml of
anticoagulated blood at one end of a glass microscope
slide and smearing with a clean slide. Slides were air
dried, fixed for 1 min in methanol, air dried, stained
with MayeGrunwald/Giemsa (Kayla Africa Sup-
pliers and Distributors, Johannesburg, South Africa)
andmounted to allow estimation of leucocyte number
(the mean of 10 fields counted using �500 magnifica-
tion, multiplied by three) and white blood cell differ-
ential counts, red and white blood cell morphology
and presence of blood parasites by light microscopy.

Faecal Bacteriology and Parasite Evaluation

Identification of faecal bacteria was performed using
the MultiChrome� Veterinary Microbiology Cul-
ture System (Kacey� Diagnostics, Ashville, North
Carolina, USA), which isolates gram-positive from
gram-negative bacteria using selective media and
further differentiates bacteria by inciting genus- or
species-specific colour reactions. Faecal samples
were streaked onto microbiology plates using a sterile
loop. The plates were incubated at 38�C in air and
examined after 24 and 48 h by two observers (MPD
and ALB).

Presence, number and morphology of parasite eggs
within faeces were assessed by the modified McMas-
ter’s method (Whitlock, 1948). Faecal samples were
added to a saturated solution of NaCl at a ratio of
1 g:14 ml (w/v) in a stomacher bag and mixed thor-
oughly to emulsify, prior to passing through a
0.15 mm wire mesh sieve. The filtrate was stirred
thoroughly, drawn up in a Pasteur pipette and run
carefully into either side of a McMaster counting
chamber (Vetlab Supplies). All eggs within both grids
were counted under light microscopy and the total
number multiplied by 50 to derive the number of
eggs per gram (epg) of faeces (maximum sensitivity
50 epg).
Sexing of Gough Moorhens

Goughmoorhens exhibit a low level of sexual size differ-
ence (Watkins and Furness, 1986; Parker et al., 2012)
and as our measurements indicated a high proportion
of males based on a published discriminant function
(Parker et al., 2012) we undertook genetic analyses to
determine individual’s sex. DNA was extracted from
blood samples on FTA� Classic Cards using Quick-
Gene DNA whole blood kit (Kurabo Industries Ltd.,
Osaka, Japan) as per the manufacturer’s instructions.
Polymerase chain reaction (PCR) amplification was
carried out using forward primer, P8 (50-CTCC-
CAAGGATGAGRAAYTG-30) and reverse primer,
P2 (50-TCTGCATCGCTAAATCCTTT-30), which
amplified fragments from the genes CHDIZ and
CHDIW (Griffiths et al., 1998; Lee et al., 2002; Parker
et al., 2012). The final reaction mix contained 1 ml of
template DNA, 7 ml Maxima Hot Start PCR
mastermix (ThermoFisher Scientific) and 1 ml of each
forward and reverse primer at 10 mM. Thermocycling
conditions were: 95�C for 5 min; 30 cycles of 48�C for
45 sec, 72�C for 45 sec and 95�C for 30 sec; 48�C for
1 min and 72�C for 10 min. PCR products were
separated by electrophoresis in a 3% agarose gel
stained with GelRed� (Biotium Inc., Fremont,
California, USA) for 50 min. Under UV exposure,
gel visualization revealed the bird’s sex as described
by Lee et al. (2002).

Statistical Analyses

Differences in haematological and plasma biochem-
ical parameters between males and females were
examined using a series of general linear models in R
3.3.1 (R Core Team, 2016). We examined differences
in blood sodium, potassium and glucose measured on
both instruments using paired t-tests. Differences were
considered significant when P #0.05.

Results

Bird Numbers, Sex and Morphometric Data

In total, 43 Goughmoorhens were sampled: 25 females
and18males based onDNA sexing.While the timing of
breeding is highly variable for this species, eggs are laid
no earlier than late September and chicks recorded no
later than March (Richardson, 1984; Watkins and
Furness, 1986), so all individuals sampled were
considered fully grown and either adults or
approximately 1 year old. The mean mass and
head + bill length of the male Gough moorhens were
both significantly larger compared with females
(P ¼ 0.019 and 0.001, respectively; Table 1), but the
male and female ranges of bothmeasurements overlap-
ped considerably (Table 1).
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Haematology and Plasma Biochemistry

Results from both blood analyzers were obtained
from all 43 birds, although occasional individual re-
sults are missing due to haemolysis, icterus or other
unknown reasons affecting the samples, but the num-
ber is stated from which the mean and range is
derived for each parameter (Tables 1 and 2). There
were few significant differences in biochemical
parameters between sexes (Tables 1 and 2). Females
had higher concentrations of globulin compared
with males and the difference was significant
(P ¼ 0.032), which also made the total protein
significantly higher (P ¼ 0.012) in females
(Table 2). Results for mean blood sodium, potassium
and glucose concentrations were slightly but signifi-
cantly greater (t40 ¼ 10.65, P <0.001, t40 ¼ 2.52,
P ¼ 0.016 and t40 ¼ 12.24, P <0.001, respectively)
when analyzed with the i-STAT machine compared
with the VetScan VS2 (Tables 1 and 2).

All 43 blood smears showed predominantly normal
erythrocyte morphology, except seven birds had a
Table

Morphometricmeasurements, blood and biochemistry parame

Parameter Females M

Mass (g) 429 � 54 (350e535) (25) 469 � 49 (37

Head + bill

(mm)

60.8 � 1.2 (58.7e63.1) (25) 63.5 � 1.4 (59

pH 7.458 � 0.067 (7.245e7.578) (24) 7.449 � 0.063 (7

pCO2 (mmHg) 28.3 � 3.6 (22.9e39.1) (24) 27.6 � 2.7 (23

pO2 (mmHg) 82 � 30 (54e177) (24) 84 � 20 (60

Base excess

(mmol/l)

�4 � 3 (e10e2) (24) �5 � 3 (e

HCO3 (mmol/l) 20.1 � 2.4 (16.8e24.8) (24) 19.2 � 2.2 (16

TCO2 (mmol/l) 21 � 2 (18e26) (24) 23 � 14 (1

sO2 (%) 95 � 3 (90e100) (24) 96 � 2 (92

Sodium

(mmol/l)

142 � 2 (137e148) (25) 142 � 2 (13

Potassium

(mmol/l)

3.5 � 0.4 (2.9e4.2) (25) 3.6 � 0.3 (3

Calcium (ionized)

(mmol/l)

1.23 � 0.08 (1.11e1.36) (25) 1.20 � 0.05 (1

Glucose (mmol/l) 15.2 � 2.4 (11.3e21.1) (25) 16.5 � 2.9 (12

Haematocrit (%) 32 � 5 (21e40) (25) 35 � 3 (29

Haemoglobin

(mmol/l)

6.9 � 1.0 (4.4e8.4) (25) 7.3 � 0.7 (6

Values presented as mean � SD (range) (n).

Bold values indicate significant differences between the sexes.
polychromasia score of 1+ (six females, one male)
and one female had a score of 2+ (Fig. 1A). Three
birds (two females, one male) had occasional metaru-
bricytes and/or rubricytes present (Fig. 1B); both fe-
males had slight anisocytosis and were part of the
group with a polychromasia score of 1+. Leucocyte
morphology was normal (Fig. 1C and D), except
two birds (one female, one male) had occasional reac-
tive lymphocytes present. There were no significant
differences between sexes in the numbers of total or in-
dividual leucocytes (Table 3). No blood parasites
were found.

Faecal Bacteriology and Parasite Evaluation

Samples for faecal bacterial culture were available
from all 43 birds and various bacteria were present
(n¼ number of birds positive after 24 and 48 h of cul-
ture, respectively); Enterococcus spp. (n ¼ 42 and 42),
Klebsiella spp. (n ¼ 32 and 40), Staphylococcus aureus
(n ¼ 29 and 33), Staphylococcus intermedius (n ¼ 5 and
16), Escherichia coli (n ¼ 41 and 41) and Pseudomonas
1

ters of Goughmoorhensmeasured using the Abaxis i-STAT

ales Overall Males versus

females

0e545) (18) 446 � 55 (350e545) (43) F1,41 ¼ 5.95

P ¼ 0.019

.6e65.3) (18) 61.9 � 1.8 (58.7e65.3) (43) F1,41 ¼ 47.42

P <0.001

.324e7.540) (18) 7.454 � 0.065 (7.245e7.578) (42) F1,40 ¼ 0.20
P ¼ 0.66

.4e31.3) (18) 28.0 � 3.3 (22.9e39.1) (42) F1,40 ¼ 0.52

P ¼ 0.47

e132) (18) 83 � 26 (54e177) (42) F1,40 ¼ 0.03
P ¼ 0.87

10e0) (18) �4 � 3 (-10e2) (42) F1,40 ¼ 1.42

P ¼ 0.24

.2e23.6) (18) 19.7 � 2.3 (16.2e24.8) (42) F1,40 ¼ 1.58
P ¼ 0.22

7e79) (18) 22 � 9 (17e79) (42) F1,40 ¼ 0.75

P ¼ 0.39

e99) (18) 96 � 3 (90e100) (42) F1,40 ¼ 1.85
P ¼ 0.18

8e146) (18) 142 � 2 (137e148) (43) F1,41 ¼ 0.01

P ¼ 0.97
.0e4.1) (18) 3.6 � 0.3 (2.9e4.2) (43) F1,41 ¼ 0.81

P ¼ 0.37

.08e1.30) (17) 1.22 � 0.07 (1.08e1.36) (42) F1,40 ¼ 1.79

P ¼ 0.19
.1e22.2) (18) 15.7 � 2.7 (11.3e22.2) (43) F1,41 ¼ 2.56

P ¼ 0.12

e41) (18) 33 � 4 (21e41) (43) F1,41 ¼ 3.32

P ¼ 0.08
.1e8.7) (18) 7.1 � 0.9 (4.4e8.7) (43) F1,41 ¼ 3.31

P ¼ 0.08



Table 2

Blood and biochemistry parameters of Gough moorhens measured using the Abaxis VetScan VS2

Parameter Females Males Overall Males versus females

AST (IU/l) 682 � 294 (287e1,357) (24) 851 � 522 (285e1,743) (16) 749 � 403 (285e1,743) (40) F1,38 ¼ 1.71

P ¼ 0.20
Creatine kinase (IU/l) 979 � 901 (308e4,169) (23) 1,098 � 737 (381e3,323) (17) 1,029 � 827 (308e4,169) (40) F1,38 ¼ 0.20

P ¼ 0.66

Uric acid (mmol/l) 569 � 224 (136e990) (24) 465 � 260 (156e1,014) (17) 526 � 242 (136e1,014) (41) F1,39 ¼ 1.86

P ¼ 0.18
Glucose (mmol/l) 14.7 � 2.5 (11.1e20.7) (24) 16.1 � 2.7 (11.2e21.4) (17) 15.2 � 2.6 (11.1e21.4) (41) F1,39 ¼ 3.00

P ¼ 0.09

Calcium (mmol/l) 2.50 � 0.47 (3.82e2.06) (21) 2.29 � 0.14 (2.58e1.96) (17) 2.41 � 0.37 (3.82e1.96) (38) F1,36 ¼ 2.97
P ¼ 0.09

Phosphorus (mmol/l) 0.82 � 0.60 (0.30e2.71) (24) 0.56 � 0.33 (0.11e1.39) (17) 0.71 � 0.51 (0.11e2.71) (41) F1,39 ¼ 2.62

P ¼ 0.11

Albumin (g/l) 23 � 2 (19e26) (24) 22 � 2 (18e26) (17) 22 � 2 (18e26) (41) F1,39 ¼ 0.78
P ¼ 0.38

Globulin (g/l) 22 � 5 (13e32) (24) 19 � 3 (14e24) (17) 21 � 5 (13e32) (41) F1,39 ¼ 4.96

P ¼ 0.032

Total protein (g/l) 45 � 6 (33e54) (24) 41 � 3 (36e46) (17) 43 � 5 (33e54) (41) F1,39 ¼ 7.01

P ¼ 0.012

Potassium (mmol/l) 3.3 � 0.8 (1.7e4.4) (24) 3.3 � 0.7 (2.0e4.2) (17) 3.3 � 0.8 (1.7e4.4) (41) F1,39 ¼ 0.00

P ¼ 0.99

Sodium (mmol/l) 137 � 4 (127e145) (24) 138 � 2 (135e141) (17) 137 � 3 (127e145) (41) F1,39 ¼ 1.77
P ¼ 0.19

Values presented as mean � SD (range) (n).

Bold values indicate significant differences between the sexes (P #0.05).

Fig. 1. Thin blood smears from Gough moorhens showing typical morphology of nucleated erythrocytes and selected leucocytes.
MayeGrunwald/Giemsa stain. Bar, 20 mm. (A) Note polychromasia in erythrocytes (black arrows) and an eosinophil which, due
to the paucity of eosinophilic granules in the cytoplasm,was probably effete/degenerate (blue arrow). (B)Note two rubricytes (black
arrows) and a lymphocyte (yellow arrow). (C) Note two heterophils (black arrows), an eosinophil (blue arrow) and a lymphocyte
(yellow arrow). (D) Note three eosinophils (blue arrows), two monocytes (red arrows) and a lymphocyte (yellow arrow).

250 M.P. Dagleish et al.



Table 3

White blood cell composition of Gough moorhens

Parameter Females (n ¼ 25) Males (n ¼ 18) Overall (n ¼ 43) Males versus females

Total white blood cells

(�109/l)

12.0 � 5.9 (2.4e27) 12.4 � 3.1 (5.1e20.3) 12.2 � 4.9 (2.4e27) F1,41 ¼ 0.10

P ¼ 0.75
Heterophils (%) 23 � 8 (7e37) 27 � 13 (12e67) 25 � 11 (7e67) e

Heterophils (�109/l) 2.93 � 2.04 (0.38e7.33) 3.35 � 1.60 (0.92e8.04) 3.11 � 1.86 (0.38e8.04) F1,41 ¼ 0.51

P ¼ 0.48

Lymphocytes (%) 69 � 9 (54e90) 64 � 14 (26e83) 67 � 12 (26e90) e
Lymphocytes (�109/l) 8.01� 3.82 (1.75e19.44) 7.96� 2.81 (3.12e14.01) 7.99� 3.40 (1.75e19.44) F1,41 ¼ 0.01

P ¼ 0.96

Eosinophils (%) 1 � 2 (0e6) 1 � 2 (0e8) 1 � 2 (0e8) e
Eosinophils (�109/l) 0.18 � 0.26 (0.00e0.83) 0.14 � 0.18 (0.00e0.47) 0.16 � 0.23 (0e0.83) F1,41 ¼ 0.25

P ¼ 0.62

Monocytes (%) 7 � 3 (2e15) 7 � 4 (4e15) 7 � 3 (2e15) (43) e

Monocytes (�109/l) 0.83 � 0.64 (0.07e3.02) 0.77 � 0.47 (0.00e1.83) 0.80 � 0.57 (0.00e3.02) F1,41 ¼ 0.11
P ¼ 0.74

Basophils (%) 0 � 0 (0e1) 0 � 1 (0e1) 0 � 1 (0e3) e

Basophils (�109/l) 0.01 � 0.03 (0.00e0.14) 0.04 � 0.10 (0.00e0.33) 0.02 � 0.07 (0.00e0.33) F1,41 ¼ 1.38

P ¼ 0.25

Values are presented as the mean � SD (range) (n).
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spp. (n ¼ 5 and 7). All birds had more than one bac-
terial taxon present and no fungal organisms were de-
tected.

No parasite eggs were found in the faecal samples
(n ¼ 43). In light of this finding, samples of fresh sub-
antarctic fur seal (Arctocephalus tropicalis) faeces were
analyzed identically as a positive control and
numerous parasite eggs were detected, suggesting
the technique was working to the known sensitivity.
Discussion

This is the first study of the clinical pathology of
Gough moorhens and to assess the presence of poten-
tial pathogens in this species. The results provide
reference ranges that will be important formonitoring
the health of birds that will be held in captivity, at
unavoidably greater densities compared with natural
conditions, during the planned eradication of house
mice from Gough Island.

Gough moorhens appear to be free from both
gastrointestinal helminths and haemoparasites,
similar to previous findings in the only other endemic
landbird found on Gough Island, the Gough bunting
(Dagleish et al., 2017). Evolution of a bird species
totally resistant to parasites is unlikely, but parasite-
free displaced wild bird species that have survived
and flourished in a foreign environment are reported
(Little and Earl�e, 1994). Seasonal variation in para-
site load or helminth fecundity is unlikely to account
for this absence, which suggests that any helminths or
haemoparasites present when the Gough moorhen
evolved in its original habitat either required a vector
to complete their life cycle, which is not present on
Gough Island, or, if they had a direct life cycle the
parasites were unable to maintain this in the environ-
ment these birds now inhabit. The lack of exposure to
endoparasites could explain the very low levels of
circulating eosinophils found in the Gough moorhens
(Deem et al., 2011). However, if parasites are present
in the free-ranging birds, even at a very low density,
captivity will inevitably increase endoparasite expo-
sure with potentially detrimental consequences
(Sainsbury and Vaughan-Higgins, 2012).

The significantly higher blood globulin concentra-
tions in adult female moorhens was probably associ-
ated with reproduction and linked to the formation
of increased maternal antibodies for the creation of
the egg yolk (Okuliarova et al., 2014). Gough moor-
hens breed throughout the austral spring and summer,
but eggs can be present from late September
(Richardson, 1984; Watkins and Furness, 1986) so
the females would have been coming into breeding
condition at the time of sampling, which would
account for the higher blood globulin concentrations.
The higher blood sodium, potassium and glucose
concentrations given by the i-STAT compared with
the VetScan VS2 analyzer, although significant,
were very small. The different times between blood
sampling to analysis may explain the discrepancy for
sodium as it would diffuse from the plasma and into
blood cells without opposition if the cellular
transmembrane sodium pump mechanism was
compromised in any way (Alberts et al., 1994). This
would be the case when blood is removed from the
normal homeostatic mechanisms of the body and be
affected by time from sampling to analysis. However,
the difference is more difficult to explain for blood
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potassium, which would normally leak out from
compromised blood cells over time. As many of the
cells in the blood sample would remain viable in the
short time, the difference between glucose levels found
by the two different analyzers may have been due to
utilization to meet energy requirements. Conversely,
all three values may be due to the greater sensitivity
of the i-STAT analyzer due to its methodologies
(ion-selective electrode potentiometry for potassium
and sodium and amperometrically for glucose)
compared with the VetScan VS2 analyser (spectro-
photometric). However, as the differences are so small
there is no justification for choosing one rather than the
other so long as the same analyser is used when
comparing samples.

The only abnormalities noted in the blood smears
were mild polychromasia (occasional rubricytes and
metarubricytes) in three individuals, with two of these
showing slight anisocytosis. These abnormalities can
occur in cases of erythrocyte regeneration where
mild to moderate blood loss has occurred previously.
However, it is also associated with splenic contraction
during periods of increased sympathetic nervous sys-
tem tone in some animals and so may be a normal
feature of this species when physically restrained as
has been reported in other Gruiformes (Hawkey
et al., 1983; Clark et al., 2009).

The gastrointestinal tract of birds, especially gener-
alist terrestrially-foraging species such as the Gough
moorhen, will always have a large and frequently
diverse population of bacteria and other microorgan-
isms. Knowledge of which gut bacteria are present
prior to captivity is critical despite many being essen-
tial commensals that play a role in protecting the
host from pathogenic bacterial species as, under
certain conditions, these may become pathogenic
(McKenney and Kendall, 2016) and require specific
pharmaceutical treatment. Enterococcus was the most
common genus of bacteria isolated from the sampled
Gough moorhens (98%) and has been isolated from
a number of species of captive and wild birds. While
the species of Enterococcus were not identified in this
study, the possibility that enteropathogenic forms
such as E. hirae, known to cause septicaemia in birds
(Devriese et al., 1991, 1992, 1995), are present in the
Gough moorhen cannot be ruled out. Escherichia coli

had a similarly high prevalence (95%) and has been
isolated previously from a range of avian species,
including apparently healthy passerines and
waterfowl (Damare et al., 1979; Brittingham et al.,
1988; Foster et al., 1998). Avian strains of E. coli can
be pathogenic and have been associated with disease
in domestic poultry and wild finches where
cytolethal distending toxin has been isolated (Foster
et al., 1998). As we were unable to strain-type our iso-
lates this could be a potential risk.

Klebsiella spp., present in 93% of the Gough moor-
hens sampled, are common avian pathogens of the
respiratory and gastrointestinal tract (Bangert et al.,
1988; Fudge, 2001; Hernandez et al., 2003) and
have the potential to cause significant morbidity
and possible mortality. This genus is frequently
associated with multidrug resistance (Giacopello
et al., 2016) and is a potential threat to captive Gough
moorhens.

Staphylococcus spp. are uncommon in domestic birds,
but have been linked with clinical disease associated
with joint, tendon and bone infections and occasional
septicaemia (Gross, 1978). As S. aureus was present in
the faeces of 77% of Gough moorhens, this suggests a
high prevalence despite being wild and free ranging,
and the sympatricGoughbunting also has a high prev-
alence of S. aureus in its faeces (Dagleish et al., 2017).
This bacterium has been isolated in cases of septicae-
mia and associated with mortalities in immuno-
compromised birds due to concurrent disease or iatro-
genic medication (i.e. glucocorticoids) (Wobeser and
Kost, 1992). This may be significant when Gough
moorhens are brought into captivity for the duration
of action of the rodenticide, as captivity will be stressful
and so potentially immunosuppressive. Awareness of
the clinical signs of disease associated with S. aureus

along with rapid identification of the bacterium and
appropriate treatment will be essential.

Pseudomonas aeruginosa is another common avian
pathogen, chiefly of the upper and lower respiratory
tract, but cases of septicaemia and enteritis have
been reported in psittacine birds (Brittingham et al.,
1988; Walker et al., 2002; Rich, 2003). The faeces of
16% of Gough moorhens were positive for this
bacterium and, as it is a significant pathogen,
which, like Klebsiella spp., often demonstrates multi-
drug resistance, it may be significant during any
period of captivity where stocking densities will be
increased and cross contamination between enclo-
sures is a possibility.

The lack of known avian bacterial enteropathogens
including Salmonella spp., Campylobacter spp. or Yersinia
spp. in the faeces from these birds (Pennycott et al.,
1998; Benskin et al., 2009) was probably due to the
MultiChrome� Veterinary Microbiology Culture
System (Dagleish et al., 2017). Salmonella spp. appear
as very small, translucent colonies masked easily by
other coloured bacterial species and Campylobacter

spp. require selective media and microaerophilic con-
ditions, which were beyond the scope of this study.

In conclusion, the Gough moorhens sampled in this
study were in good body condition with no obvious



Clinical Pathology of the Gough Moorhen 253
signs of clinical or subclinical disease and therewere no
concurrent disease concerns with respect to bringing
them into short-term captivity. However, the lack of
sexual dimorphism will require rapid genetic analyses
on Gough Island while individuals are being caught,
and prior to distribution of the rodenticide, to ensure
a reproductively-balanced captive population. The
absence of gastrointestinal helminths and haemopara-
sites is helpful with respect to captivity, but it may
render them susceptible to even low levels of parasitic
challenge, as they may have lost any natural or age-
related immunity (De Coster et al., 2010), especially
if subjected to a relatively high and/or sustained path-
ogen challenge as may occur during captivity. The
terrain and climate on Gough Island dictate that all
aviaries will need to be in a single, easily accessible
location (Rexer-Huber and Parker, 2011) and in the
same area as aviaries containing Gough buntings
(Dagleish et al., 2017), creating an artificially high
population density with attendant health-related
problems. Commensal bacteria can become patho-
genic under circumstances of overcrowding or chronic
stress (Wobeser andKost, 1992; Pennycott et al., 1998)
and, in addition to the diverse species of potentially
pathogenic bacteria isolated from the faeces of
Gough moorhens, it should be assumed that
Salmonella and Campylobacter spp. are present also.
Therefore, it is recommended that a wide range of
therapeutic anthelmintic, antiprotozoal and
antibiotic preparations, known to be safe for use in
similar bird species, should be present throughout
the habitat restoration programme of Gough Island.
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