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Abstract

The decline in the population of ring-necked pheasants (Phasianus colchicus) in northwest-
ern Germany since 2007 raises questions about the underlying causes. We therefore stud-
ied the growth and immune status of ring-necked pheasant chicks dependent on different
feed composition. Here, 490 ring-necked pheasant chicks were raised in five groups up to
nine weeks. While control groups C1 and C2 received sufficient crude protein (28%) and
energy (12.5 MJ/Kg feed) according to current standards, group C2 was treated with cyclo-
sporine eight hours prior to phythemagglutination (PHA) testing, serving as a positive
immune suppressed control. Group V1 was fed with reduced protein (20%) but optimal
energy content (12.5 MJ/Kg feed), group V2 was fed with sufficient protein (28%) and
reduced energy content (10 MJ/kg feed) whereas group V3 was fed reduced crude protein
(20%) and reduced energy content (10MJ/kg feed). On all chicks, health status was checked
each week, and 20 birds of each group were weighed randomly per week. PHA-testing was
performed on 12 birds of each group to study the in vivo non-specific activation of lympho-
cytes atweek 2, 4, 6, 7, 8 and 9. In addition, hemolysis—hemagglutination—assay (HHA) was
performed on each of the PHA-tested chicks, which were subsequently euthanized and dis-
sected. Histopathologic examinations of 5 birds that were randomly chosen were performed.
The PHA—test results demonstrate significant differences between control (C1, C2) and
experimental groups (V1-V3) in several developmental stages. According to the HHA
results, weekly testing detected a significant increase of titres per week in all groups without
significant differences. Here, only hemagglutination and no lysis of samples was observed.
It seems appropriate to conclude that during their first weeks of life, protein content is of
higher importance in ring-necked pheasant chicks than energy intake. In particular T-cell
response is significantly reduced, which indicate a weaker immune system resulting in a
higher risk for clinical diseases. Therefore, we assume that protein i.e. insect availability is a
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highly important co-factor in the free-ranging population dynamics, and is linked to declines
of the northwestern German population.

Introduction

The ring-necked pheasant (Phasianus colchicus) is a ground—breeding and sentinel bird of the
agricultural landscape in northwestern Germany. As a breeding bird, the ring-necked pheasant
has established in Germany about 200 years ago [1]. It prefers structurally semi—open land-
scape, where trees and hedges offer sufficient cover, including adjacent sparse forests and reed
areas [2].

For several years, a persistent decline of ring-necked pheasants was observed in northwest-
ern Germany [3]. Previous studies on the health status of wild pheasants showed that a large
proportion of chicks carry various parasites and pathogens, with especially the young chicks
being of low nutritional status [4]. The population achieved a maximum in between 1960 and
1970 and in this period, the hunting bag enfolded about 300.000 pheasants in Lower Saxony
[5]. During the hard winters in the 1970ies, the population declined severely, followed by an
increase without reaching the former level. Since 2008, the pheasant is again experiencing an
immense and sustained decline of unexplained causes and a population reduction of up to
75% has been seen in specific subpopulations [6, 7]. The population density of the hens in the
main distribution areas is 8-12 hens/km” while in the wooded areas of north-western Ger-
many the density is at <5 hens/km” [7].

This population decline causes controversial discussions among stakeholders. Above all,
the growing amount of agricultural area used for biogas production which extended corn culti-
vation to about one third of arable land [8], resulted in the loss of adequate habitat. In addition,
pesticide use, predation and food availability and composition are important factors in the
populations struggle throughout the chick rearing phase [9-12].

The main food composition of adult birds primarily consists of various parts of seeds, ber-
ries, tubers, root shoots, leaves as well as green sprouts. In addition, up to 9% of early summer
diet is composed of insects, snails and worms [2]. Pheasant chicks, however, live purely insec-
tivorous in the first four weeks of life [2, 13, 14]. It is important that the chicks feed on a variety
of foods and can capture a wide range of different insect groups [15]. Protein availability is
essential for growth and development of juvenile birds [16], and might also effect immune sys-
tem performance [17-20].

It has not yet been clarified whether reduced insect availability during rearing of pheasants
has secondary effects on the chick immune system, which can consequently lead to an
increased susceptibility to diseases and early death of the chicks. Investigations by Curland
and others (2018) [3] on the occurrence of free-ranging pheasants showed that the free-rang-
ing population is confronted with a variety of diseases. Studies from England highlighted that
partridge chicks, feeding almost exclusively on insects during the first two weeks of life, were
dying if those were not abundant [21]. We therefore studied the effects of protein and energy
malnourishment in ring-necked pheasant chicks in a classical randomised case-control study.
To assess information on immune status of the birds, we used the phythemagglutination test
(PHA), in which a skin swelling as a merely T-cell-mediated immune response after injection
of phythemagglutinin is measured [22]. It is used by several authors to define immune
response in birds, especially if originating from the wild [23-28]. Additionally, hemolysis-
hemagglutination-assay (HHA) was applied to figure out natural antibody-mediated
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complement activation and red blood cell agglutination in wild birds, referring to a single sam-
ple of blood only [29] and therefore being applicable for future settings in field testing. We
hypothesized that while rearing chick pheasants, a protein deficiency will lead to similar or
more severe retardation of growth and immune competence than a low energy diet. Therefore,
we expect an effect of protein availability during the first weeks of pheasant chicks’ life on their
immune competence, probably leading to a higher susceptibility to diseases and increased
mortality.

Material and methods
Housing

In total, 490 ring-necked pheasant (Phasianus colchicus) chicks were raised from hatching
until a maximum age of nine weeks. The chicks were housed in a poultry enclosure on the
Farm for Education and Research in Ruthe, University of Veterinary Medicine Hannover
Foundation (TiHo). Before entering the enclosure as hatchlings, all birds were tested for Avian
Influenza. Every contact with the birds accomplished high—standard hygiene protocols [30].
Cleaning of the enclosure as well as water and food supply and visual health check of all birds
were performed twice a day. The temperature and humidity were adapted to the respective rec-
ommendations [31], to guarantee an optimal climate during all times of the study. The 490
birds were randomly divided into five groups of 98 each, in which they were randomly
equipped with foot rings of seven different colours. Consequently, 72 birds of each group were
tested, whereas 26 remained as a reserve. Each group was held in a roofed compartment with a
surface area of 36 m* and raised under similar conditions. The compartments were parted by
solid metal grids using a mesh of 2x2 cm width. In order to guarantee isolation of the groups,
the metal grids additionally were draped with a one meter high black foil. In addition, nets of
2x2 cm mesh width were draped around the compartment to prevent the birds from escaping.
Floor covering consisted of a 5-10 cm thick layer of coarse wood chips. During their 1* week
of life, chicks were held in rings of 3 m diameter with gas heaters as heat source. After the 1%
week, the entire compartment of 36 m? was available. Seat posts, straw balls and balloons were
offered as enrichment. Twenty birds of each group were weighed and examined by a veterinar-
ian every week. For PHA and HHA testing, 12 chicks of each group were moved into cages of
four m” per group for 24 hours and subsequently euthanized. The experimental design
included the euthanasia of the remaining birds at an age of nine weeks. The study was con-
ducted with a permission from the lower Saxony state office for consumer protection and food
safety (33.12-42502-04-16/2133).

Feeding and experimental groups

All groups received an ad libitum feeding and watering. Two control groups (C 1 and C2)
received an optimal feed for pheasants with a crude protein content of 28% [31] and 12.5 MJ/
Kg of convertible energy (S1 Table in S1 File, [32]), reflecting national standards that differ
slightly from international releases [33]. Two control groups were necessary to evaluate the
PHA test (see below), group C2 serving as a positive control for immune suppression. Experi-
mental group V1 was fed with low protein content and optimal energy content (20% of crude
protein and 12.5 MJ/kg energy). Experimental group V2 was fed with optimal protein content
(crude protein content of 28%) and a reduced energy content (10 MJ/kg) while experimental
group V3 was fed with reduced protein content (20% crude protein) and reduced energy (10
MJ/kg). With this feeding regime, a reduced insect availability and thus a reduced crude pro-
tein content in the diet was simulated in group V1. The feeding of group V2 should facilitate
differentiating adequate availability of protein in combination with insufficient energy
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content, while the nutritional needs of group V3 was both insufficient in protein and energy
content. This to clarify if any alterations detected originates from low protein or low energy or
only occurred in combination. Feed consumption was noted by weighing the absolute feed
weights for each group at the beginning and end of the experiment. All feed compositions
were calculated and prepared by the Institute for Animal Nutrition (TiHo).

With this experimental design, we aimed to simulate the potential availability of insects as a
main food source in free- ranging pheasant chicks and the possible effects of insufficient pro-
tein or energy on growth, health and immune system.

Phythemagglutination (PHA)—Test

PHA swelling response of the patagial web [22, 24] was measured among the control and
experimental groups. After measuring and marking the patagium (mm), a PHA-PBS-mixture
(1.0 mg/ml, phytohemagglutinin, PHA-P dissolved in Phosphate Buffered Saline) of 0.1 ml
was injected in the right wing patagium, and a negative control of 0.1 ml PBS was injected in
the left wing patagium [34]. 24 hours later, both injection sites were measured [mm] again
[28]. PHA index was calculated based on the following equation:

PHA, . = post—PHA—post PBS/(pre PHA + pre PBS)/2

index

Formula for calculating the PHA index. Pre-PHA®: skin thickness before injection with
PHA; Post-PHA: skin thickness after injection with PHA; Pre-PBS: skin thickness before injec-
tion with PBS; Post-PBS: skin thickness after injection with PBS.

12 birds of each group were randomly sampled by foot ring colour and tests were per-
formed during 2™, 4™, 6™, 7", 8" and 9™ week of life.

Control group C2 served as a positive control for immune suppression. It was treated with
100 mg/kg cyclosporine (for T-cell inhibition) i.m. (Novartis Pharma, Sandimmun™ Optoral
10 mg soft capsules) in the pectoral muscle (M. pectoralis) eight hours prior PHA testing and
blood sampling. Control group C 1 remained untreated.

Hemolysis-hemagglutination assay (HHA)-Test

24 hours after PHA-testing, 0.1 ml blood from V. cutanea ulnaris superficialis was sampled in
a heparinized capillary tube and kept cool on ice for the next two hours. Thereafter, samples
were centrifuged and plasma was frozen at -30° Celsius. HHA-test was performed following
protocols of Matson [29] and Wegmann and Smithies [35] to investigate the innate humoral
immunity. In short, the assay was performed in 96-well round bottom assay plates. 25 microli-
ters of plasma were pipetted in columns 1 and 2 of the plate. 25 pl of 0.01M phosphate buffered
saline were added to columns 2-12. The Plasma in column 2-11 was serially diluted 1:2. 25 pl
of a 1% rabbit red blood cell suspension was added to all wells. The plates were sealed with Par-
afilm and covered with a plate lid. The plates were vortexed carefully and incubated at 37°C
for 90 minutes. The plates were tilted to a 45° angle and photographed in front of a light
background.

Histopathological examinations

From 5 randomly selected birds of the groups C1, V1, V2 and V3, immune organs (Bursa fab-
ricii, spleen and thymus), bone marrow, pectoral muscle, skin, heart and liver were collected
after euthanasia for histopathological examination. All tissues were fixed in 10% neutral-buff-
ered formalin, embedded in paraffin, wax sliced at a thickness of 3 um and stained with hema-
toxylin and eosin (HE) for histological examination according to former studies [3]. In
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selected cases, Ziehl-Neelsen s stain, periodic acid Schiff reaction, Brown & Brenn stain and
Turnbull blue stain were applied [36, 37].

Statistical analyses

To test whether body weight gain differs between groups, we tested for group and week along
with their interaction. Age in weeks was defined as factor in order to capture non-linear rela-
tionships in the chick’s development. Likewise, to test PHA-index in dependence of age and
group we also included week as factor and treatment group with their interaction. The overall
dependence of body weight and pha-index was tested in a third model, differentiating between
the experimental groups. Here, we omitted the data from week two.

Body weight and PHA index were tested for normality (Shapiro-Wilk’s normality test) and
homoscedasticity (F test). Residual variance seemed to vary both within age- and group thus
several weights structures were tested and the best fit was chosen by AIC comparisons.
Accordingly, GLS (generalized least square) in the package nlme was applied to account for
heterogeneity in the variances. The best fit of the weights structure was assessed using maxi-
mum likelihood estimation in model comparisons including different possible weights struc-
tures including week and group for the first two models and chicken weight and group in the
third model. The best model by AIC comparisons was refitted using restricted maximum like-
lihood estimation. For posthoc tests the package emmeans was used using tukey tests. Signifi-
cance was set to o = 0.05. All statistical analyses were performed using R (R. C. Team, 2019)
and RStudio (R. S. Team, 2018).

Ethics statement

Handling of the animals was conducted under a permit held by the Institute for Consumer
Protection and Food Safety of Lower Saxony (Dep. 3 Animal Health, permit number: 33.12-
42502-04-16/2133). Animals were euthanized with pentobarbital overdose. All experiments
were performed in accordance with institutional and national laws and ethical principles.

Results

O£ 490 chicks, 58 died or had to be euthanized due to severe symptoms of deprivation. There-
fore, the average mortality rate was 12%, which is similar [31] or higher [16] to previous stud-
ies in ring-necked pheasants. Involved were five chicks (5%) from group C1, 18 chicks (18%)
from group C2, 16 chicks (16%) from group V1, nine chicks (9%) from group V2 and ten
chicks (10%) from group V3. All deaths occurred before the 7" week of the study, 78%

(n = 46) within the first three weeks. In all groups, cannibalism was observed, mainly in group
V1 (n = 6), followed by groups V3 (n = 3), C2 (n = 3), C1 and V2 (both n = 1, Table 1). Canni-
balism was limited to feather picking on the wings and back, as well as the cloacal tissue.

Table 1. Food uptake rate in kilograms, cannibalism and died chicken, split in groups.

Group Food uptake rate in kg Cannibalism (n) mortality (n)

C1 50.4 1 5
C2 31.6 3 18
V1 36.6 6 16
V2 80.4 1 9
V3 41.6 3 10

https://doi.org/10.1371/journal.pone.0277236.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0277236 November 7, 2022 5/15


https://doi.org/10.1371/journal.pone.0277236.t001
https://doi.org/10.1371/journal.pone.0277236

PLOS ONE

Effect of food composition on immune system

weight (g)

2 4 6
a a a b a a ab b a b ab b b a b
600 1
400
$$$$$
————
7 8 9
a abc bc ab ¢ ns 2 ns .
R I
400-#$$=§=$ I?H_I_' $ |
200

Feeding and body weight development in experimental groups

Opverall, the feed consumption of the groups was 50.4 kg in group C1, 31.6 kg in group C2,
36.6 kg in group V1, 80.4 kg in group V2 and 41.6 kg in group V3 (1). Considering the loss of
animals in each group within the first two weeks, consumptions per bird were different
between groups, with an exceedance of group V2 (Table 1). The body weight development also
showed significant differences between groups (Fig 1). While body weight increased in all
groups, there were differences in body weight development detected between groups. At the
beginning of the experiment in week 2, only group V2 showed a significantly higher body
weight. Also, at the end of the experiment in the weeks 8 and 9, no significant differences
between groups were detected (S2 Table in S1 File). However, in week 4 and 7, protein
depleted treatment group V1 showed significantly lower body weight than the control group
C1 (Table 3). In the group fed with reduced protein and energy content V3, mean body weight
was significantly lower than in group C1 during weeks 6 and 7 (S2 Table in S1 File). The body
weight of the control group C2 showed no significant difference to group C1.

PHA-test

Over the weeks, the PHA-index showed a dynamic pattern. While values in week two were rel-
atively high, they dropped towards week four significantly (Table 2, Fig 2). Thereafter, values
of the control group C1 increased steadily and were significantly higher in weeks eight and

Cl1 C2 Vi V2 V3 C1 C2 Vi V2 V3 C1 C2 Vi V2 V3
Treatment

Fig 1. Weight development of the chick groups over the 9 weeks of the study. Small letters indicate significant differences
between groups within weeks with 2,4,6,7,8,9 indicating the age of the chickens in weeks.

https://doi.org/10.1371/journal.pone.0277236.g001
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Table 2. Coefficients of the generalized least square analyses of pha-index dependent on group and age in weeks.
The table shows the estimated value, the standard error, the t-value and the significance (p-value) of the terms. The
rows represent the groups, the age in weeks and their interactions. Values indicate the differences to the reference

value (intercept), which represents pha-index from the control group C1 at the age of two weeks.

Value Std.Error t-value p-value
(Intercept) 0.779 0.127 6.137 0.000
week 4 -0.390 0.146 -2.674 0.008
week 6 -0.061 0.143 -0.426 0.671
week 7 0.227 0.143 1.586 0.114
week 8 0.282 0.143 1.971 0.050
week 9 0.326 0.143 2.280 0.023
C2 -0.165 0.153 -1.075 0.283
V1 0.013 0.166 0.075 0.940
V2 0.053 0.167 0.319 0.750
V3 -0.145 0.167 -0.867 0.387
week 4: C2 -0.034 0.177 -0.192 0.848
week 6: C2 -0.180 0.174 -1.037 0.300
week 7: C2 -0.321 0.173 -1.852 0.065
week 8: C2 -0.241 0.173 -1.394 0.164
week 9: C2 -0.200 0.174 -1.150 0.251
week 4: V1 0.067 0.191 0.348 0.728
week 6: V1 -0.213 0.188 -1.132 0.259
week 7: V1 -0.398 0.188 -2.120 0.035
week 8: V1 -0.347 0.189 -1.840 0.067
week 9: V1 -0.384 0.188 -2.043 0.042
week 4: V2 -0.137 0.191 -0.721 0.472
week 6: V2 -0.048 0.188 -0.257 0.798
week 7: V2 -0.246 0.188 -1.306 0.193
week 8: V2 0.093 0.188 0.491 0.624
week 9: V2 -0.012 0.188 -0.062 0.951
week 4: V3 0.084 0.191 0.440 0.660
week 6: V3 -0.006 0.189 -0.032 0.974
week 7: V3 -0.104 0.188 -0.553 0.581
week 8: V3 -0.033 0.189 -0.175 0.861
week 9: V3 0.006 0.188 0.031 0.975

https://doi.org/10.1371/journal.pone.0277236.t002

nine (Table 2). This overall pattern also applied to the other groups, only the protein deprived
group V1 showed a slower recovery as shown by significantly lower values for weeks seven and
nine (Table 2). Although the overall pattern was comparable for all groups, the Tukey post-hoc
test revealed significant differences between treatment groups in several developmental stages.
In the cyclosporine treated control (C2), PHA-index was significantly lower from week six
onwards compared to C1. The protein deprived group V1 showed a less steep decline in week
four but also had significantly lower PHA-indices from week seven onwards compared to C1.
The energy deprived group V2 always showed comparable values to the control C1. While V3

showed overall lower mean PHA-indices than C1 and V2, values were never significantly dif-
ferent in the Tukey-test (Fig 2).
In a second model testing the relationship between PHA -index and weight, we see overall
increasing PHA -indices with weight from week four onwards (Table 3). While mean values
between groups don’t differ significantly, the slope of the relationship is less steep in C2 and
V1 compared to C1, while V2 and V3 show no significant difference to C1 (Table 3, Fig 3).
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Table 3. Coefficients of the generalized least square analysis of the PHA-index dependent on chick weight. The
table shows the estimated value, the standard error, the t-value and the significance (p-value) of the terms. The rows
represent the groups, the weight and their interactions. Values indicate the differences to the reference value (inter-

cept), which represents pha-index from the control group CI.

Value Std.Error t-value p-value
(Intercept) 0.184 0.090 2.038 0.043
weight 0.002 0.000 7.778 <0.001
C2 -0.131 0.109 -1.203 0.230
V1 0.182 0.108 1.688 0.093
V2 -0.099 0.124 -0.803 0.423
V3 -0.007 0.112 -0.058 0.954
weight:C2 -0.001 0.000 -2.036 0.043
weight:V1 -0.001 0.000 -3.809 <0.001
weight:V2 0.000 0.000 0.411 0.681
weight:V3 0.000 0.000 -0.912 0.363

https://doi.org/10.1371/journal.pone.0277236.t1003

HHA-Test

In the beginning, titres of groups V1-V3 were higher than titres of groups C1 and C2 (Fig 4).
Weekly testing detected a significant increase of titres per week in all groups without signifi-
cant differences (Fig 4). Only hemagglutination and no lysis of samples was observed.

2 4 6
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C1 C2 Vi V2 V3

Ci C2 Vi V2 V3
Treatment

C1

C2 Vi V2 V3

Fig 2. Boxplot presenting the results of the PHA test over the nine weeks of the study. Small letters indicate significant
differences between groups within weeks with 2,4,6,7,8,9 indicating the age of the chickens in weeks.

https://doi.org/10.1371/journal.pone.0277236.9002
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Fig 3. Trend lines presenting the results of the PHA test in correlation with body weight. Small letters indicate significantly
different regression slopes between treatments.

https://doi.org/10.1371/journal.pone.0277236.9003

Histopathological examinations

The histological examinations of the immune organs revealed a low to moderate infiltration
with granulocytes of the Bursa fabricii across all 5 groups while no alterations were found in
the thymus or bone marrow. No differences were detected in gross morphology or histology of
Bursa fabricii, thymus and bone marrow between the five groups of chicks.

In the pectoral muscle, mild to moderate degeneration and small isolated inflammatory
changes were detected. No differences were found among the control and treatment groups. No
gross morphological changes were detected in the liver while the histological examination of the
livers revealed occasionally multifocal lymphohistiocytic cell infiltrations and also granulomatous
and necrotizing inflammations in most of the investigated chicks. While in the second week the
counts of liver inflammation were still low among all groups, numbers increased drastically from
the fourth week, and no differences between groups could be detected (Table 4). The degrees of
inflammation ranged from mild to mild to moderate and had a granulomatous character, tests for
Mycobacteria spp. (Ziehl-Neelsen stain) and fungi (PAS reaction) gave negative results.

Discussion

Previous studies in free-ranging ring-necked pheasants stressed that high chick mortality
might form an important factor among the causes for the obviously multifactorial caused
decline in population numbers [4, 38-40]. Therefore, we hypothesized that imminent habitat
changes according to a human rearrangement of landscape and agriculture as well as the
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Fig 4. Boxplot presenting the results of the HHA test over the nine weeks of the study. Small letters indicate significant
differences between groups within weeks with 2,4,6,7,8,9 indicating the age of the chickens in weeks.

https://doi.org/10.1371/journal.pone.0277236.9004

reported drastic decline in insect numbers [41, 42] might have led to an inadequate diet in
pheasant chicks.

This study outlines the importance of diet composition in growing ring-necked pheasants.
Here, feed intake and body weight development significantly differed between groups, result-
ing in a maximum feed intake in group V2 which was fed with low energized diet, reflecting in
a similar body weight development compared to control groups C1 and C2 in this group (V2)
so far and significantly lower body weights in groups V1 and V3. It seems that in group V1,
sufficient energy content of the diet has prevented the chicks from a higher feed consumption,
leading to a protein-deficiency and retardation of growth, which would be in line with studies
on different performances of pheasant chicks according to their diets [16, 43], assuming that

Table 4. Histopathological examinations for liver, M. pectoralis and skin per week and group (n).

Group C1 Group V1 Group V2 Group V3 total
Organ diagnosis / week 2/ 4/6, 789 2/ 4/6/7 89 2/4/,6/7 8|9 2,4/ 6/ 7 89
Liver inflammations 1/ 5/ 4, 5/5|5 5/ 5/6|5|5 5 3/ 5|5/ 5| 4 1/ 4/ 5 5/5|5 103
M. pect. changes” 2,5/ 3 23|5 14 2 3|23 2,3 33|43 2024 32| 2 68
Skin inflammation 113/ 2|43 11324, 2|5 43|35 3 1/ 3|2 3| 4| 4 65

“m. pect. changes = degeneration (e. g. hyaline muscle fiber degeneration), and focal myositis of Musculus pectoralis

https://doi.org/10.1371/journal.pone.0277236.t1004
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energetic malnutrition might be balanced but protein deficiency might not. For control groups
C1 and C2, the body weight was comparable to a study on ring-necked pheasants [44].
Throughout the groups, PHA-test results highlighted that a deficient protein diet-simulated in
group V1—Ileads to a lower T-cell mediated immune response rather than a diet that only con-
sisted of low energy (simulated in group V2). There was no significant difference between tests
of group V1 and group V3, which was given a low protein as well as a low energy diet. This
demonstrates that the lower T-cell mediated response is linked to low protein intake and not
to the low energy diet. Results were supported by control groups C1, which was offered an
optimal diet, and C2, which was optimally fed but immune suppressed. Although the results of
HHA-tests led to no haemolysis in any of the samples, agglutination titres of all experimental
groups (V1-V3) were significantly different from control groups, and titres of these groups
became significantly higher over time. This is in accordance to Matson et al. [29], who demon-
strated that the titres increase with age. The lacking lysis titres might be related to the species
examined, as those differ between species. It remains unclear what causes the differences
between the control groups and the experimental groups. It can be speculated that especially
after at the beginning of the experiment, transport and acquaintance might have caused stress
and led to the differences among HHA results that seem to be vague. Although evaluation of
immune competence, especially in wild animals, is a task that no laboratory-derived test
seems to fully accomplish and has to consider that an immune response is context specific
[45], PHA-testing has been used in dietary experiments before [46-48], and the technique is
supported by several studies [23, 24, 49, 50]. The outcome of HHA-testing may reflect the dif-
ficulties in the applicability of tests in different wildlife species, but at least the hemagglutina-
tion titres were measurable in pheasants and titre development act similar as previously
described [25] by increasing when the animal ages. This underlines that the methodology is
transferrable to pheasants. Although no hemolysis was detected, hemagglutination titres reflect
the increase of innate humoral immune competence in all groups during time, compared to a
reduced specific T—cell response.

The occurrence of liver inflammations of unknown aetiology (selective pathogen-specific
reactions were negative) was similar among groups and therefore an underlying reason should
be considered. However, slight inflammations might typically be noticed as an immune
response towards environmental pathogens in closed captures. They might also be related to
intruding bacteria due to small skin abrasions due to the housing and management of the birds.
Here, it is likely that they are not linked specifically to the diet, since all groups were affected.
Also, numerous skin abrasions were found in all groups that do not seem to be dietary-specific.

Wildlife research often reveals that multiple factors may lead to observed changes or prob-
lems in free-ranging populations, without clearly defining their significance [51, 52]. In this
study, the effect of protein availability during the first weeks of pheasant chicks’ life on their
immune competence is demonstrated. Starting at the same level with control groups during
the first two weeks of life, PHA-tests in growing chicks fed with low-protein diets show signifi-
cantly lower values over time, facilitating to conclude on the birds actual chances in the field
when confronted with their actual habitat. In the literature, even the probability of a correla-
tion of immune competence and predation pressure is discussed [45]. Renaturation of habi-
tats, less pesticide use and a comeback of insects seem to be the first options for a restauration
of lowland breeding birds [53-55].

Conclusions

A reduced T-cell-response in low—protein reared pheasants is likely to lead to a higher suscep-
tibility to diseases and increased mortality in this age class. The confrontation with a variety of
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pathogens [3] in combination with higher effort to gain appropriate numbers of insects in
their diet [14, 56, 57] and consequently diminished immune competence is a valid scenario
that might lead to the actual population depletion of free-ranging ring-necked pheasants.
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