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Abstract

Garden bird sugar water feeding is increasingly popular worldwide, but little is known about its effects on bird health and
associated diseases. There is a concern that feeding stations can accumulate pathogens and facilitate pathogen transmission
between individuals, resulting in adverse effects on body condition of visiting birds. We tested the effects of sugar water
feeding in urban New Zealand backyards by sampling target species for multiple infections and comparing bird body condition.
For this, we compared backyards with and without sugar water feeders and again compared existing sugar water feeders with
various sugar concentrations in two cities and in two seasons. Birds caught in gardens with sugar water feeders had poorer
body condition; however, birds had better body condition in the city with the warmer climate (Auckland), during summer, and
in gardens with high (220%) sugar concentration in sugar water feeders in winter. All screening tests for Chlamydia psittaci and
Salmonella spp. returned negative results. Avian poxvirus prevalence in tauhou (Zosterops lateralis) was four times higher in the
city with a warmer climate. The likelihood of lice infection in tauhou was lower in gardens with feeders, in the warmer city, in
summer, and at feeders with higher sugar concentrations. In tui (Prosthemadera novaeseelandiae), the likelihood of lice
infection decreased with an increase in sugar concentration. Coccidia infection was 4.25 times higher in tauhou in gardens
with feeders. Despite the identified risks associated with sugar water feeding, there appear to be potential benefits for native
nectarivorous birds, specifically in winter.
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Bread and seed are the most commonly offered supple-
mentary foods,”*** and the most studied context for ex-
amining how supplementary feeding contributes to avian
pathogen prevalence.”** Avian diseases in species associ-
ated with grain-based feeders include coccidiosis,””
trichomoniasis,'”~>  mycoplasmal  conjunctivitis,' =%’
chlamydiosis,*® and avian poxvirus (Lawson et al., 2014).
Meat-based feeders for red kites (Milvus milvus) have been
linked to a higher prevalence of endoparasites (coccidia and

Introduction

While deliberate wild bird feeding is a popular pastime in
urban arcas around the world, the impact of this human
activity on avian communities remains poorly understood.'”
Supplementary food can benefit visiting individuals by
mitigating the stress related to food shortage, especially in
harsh winters, when a reduction in immunity makes birds
more susceptible to disease.¥ '” However, there are concerns

that supplementary feeding may lead to negative effects on
bird health, such as poor body condition or discase
outbreaks.” """

Urbanization can be associated with an increase in urban
bird densities, especially around supplementary feeders,
which in turn results in a higher chance of avian parasite

" . 14-22 :
transmission and disease outbreaks. In particular, more

frequent feeder visits can lead to increased transmission of

avian viruses and ectoparasites through direct body contact,
and gastrointestinal parasites through accumulation of con-
taminated feces.”*'***27 There is also the potential for
Salmonella enterica, the agent of salmonellosis infection,
transmission to humans via bird feeding.'®*'** Other in-
fections associated with bird feeding can cause considerable
avian mortality leading to downstream impacts on urban
ecosystems since birds provide many ecosystem services and
feature in human recreational activities.” '

helminths) in birds at feeders, compared to conspecifics
consuming primarily wild prey.>

Urban sugar water feeding is aimed at providing nec-
tarivorous birds (i.e., species that include flower nectar in
their diet) with a sugar water solution as a substitute for
natural sources of nectar. Despite its popularity in many
countries where nectarivorous bird assemblages are part of
urban eccosystems, information on pathogen and parasite
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prevalence associated with sugar water feeding s
lacking.*>%*° One of the main concerns is that this car-
bohydrate media is highly suitable for bacterial growth,
especially in hot climates or warmer seasons.’"""* In addition,
the low concentrations of sugar solution usually used for bird
R:cdin;g_r,‘”’_45 have been shown to stimulate bacterial and yeast
growth.”® Furthermore, when opportunistic species visit
sugar water feeders,” there is a higher risk of pathogen and
parasite transmission to nectarivorous birds and humans.*"**

Infection prevalence has been studied in birds at sugar
walter feeders used as a conservation tool in New Zealand, to
support endangered populations in  protected natural
areas.’>" Aspergillosis (a respiratory disease caused by the
fungal agent Aspergillus sp.), coccidiosis, and salmonellosis
were detected in populations of endemic nectarivorous hihi
(stitchbird, Notiomystis cincta) which used sugar water
feeders.**™°

Given the increasing popularity of sugar water feeding in
New Zealand backyards to attract native bird species—tut
(tui, Prosthemadera novaeseelandiae), korimako (New
Zealand bellbird, Anthornis melanura; absent in Auckland),
and tauhou (silvereye, Zosterops lateralis)**—understanding
the disease dynamics in visiting populations and the potential
for infection transmission at feeders is essential.>* Our goal
was to identify how supplementary backyard sugar water
feeding affects body condition and infection prevalence in
birds associated with sugar water feeding in urban areas in
New Zealand. We sampled a range of pathogens and parasites
identified in previous report for birds at urban bread and seed
feeders””: Salmonella spp. and Chlamydia psittaci; avian
poxvirus infection; chewing feather lice (Phthiraptera); and
coccidia (Eimeria spp. and Isospora spp.). We determined (1)
how sugar water [eeder presence and sugar concentration
affect body condition and pathogen and parasite prevalence;
(2) seasonal and climatic trends in common avian infections
dynamics; and (3) risk of Salmonella spp. transmission
among birds via feeders in urban gardens. We predicted (1)
poorer bird body condition in winter when birds are more
likely to be susceptible to diseases,”’ but better body con-
dition in gardens with high sugar concentration feeders that
may help birds meet their energetic requirements; and (2)
higher infection detectability in colder winter months when
birds use feeders more often and increased visitations may
enhance the likelihood of infection transmission.*

Methods

Study sites

We sampled birds in two types of private urban backyards:
(1) gardens with existing sugar water feeders (feeding gar-
dens) and (2) gardens with no previous sugar water feeding
history (non-feeding gardens). We recruited participating
houscholds by word-of-mouth through the study’s website
(sugarfeederproject.wixsite.com/sugarfeeder) and  social
media (Facebook and Twitter), mainly targeting scientific
rescarch and community conservation organizations. All
properties offered for the study (n = 30) were visited before
recruitment to assess suitability. Suitability criteria included
sufficient vegetation (trees or shrubs) at least 1.5 m high on at
least one boundary of the property as a suitable habitat for

native birds. Other criteria were lawn/open backyard area of a
minimum 20 m? for mist netting and property being situated
at least 100 m away from any roads with a lot of traffic that
could disturb birds. All study properties were at least 500 m
apart to reduce the probability of capturing the same resi-
dential individuals that are likely to dominate access to
feeders (based on.*?

Gardens with pre-existing feeders. To understand the effects of
climate, season, and sugar concentration on avian pathogen
and parasite prevalence and body condition, we recruited
gardens with feeders that had been in place for a minimum of
3 months in central Dunedin (n = 8) and in central Auckland
(n = 8), New Zealand (Figure 1), and sampled them between
November 2018 and September 2019. The two cities were
chosen as climatic extremes of urban centers in New Zealand.
Auckland (36°5054"S, 174°45'48"E) is the largest city in
North Island with a population density of 2400/km” in 2020
(New Zealand Census data, www.stats.govi.nz). Auckland
has an oceanic, warm temperate climate, with a mean annual
temperature of 15.5°C; Tmax = 22.9°C in February and Tmin
= 9.5°C in July; and mean annual precipitation of around
1114 mm (https://en.climate-data.org). Dunedin
(45°52'27"8, 170°30'13"E) is the second-largest city in South
Island with a population density of 420/km? in 2020 (New
Zealand Census data, www.stats.govi.nz). Dunedin has an
oceanic mild temperate climate with a mean annual tem-
perature of 9.7°C; Tmax = 17.7°C in January and Tmin =
2.5°C in July; and mean annual precipitation of around
806 mm (https://en.climate-data.org).

Gardens with no previous feeding history. We sampled birds
captured in Auckland gardens with no previous sugar water
feeding history before and after installment of feeders (n=14;
Figure 1) between June and November 2019, but only in
Auckland. Then we compared results from these gardens
before the installing of feeders to results from Auckland
gardens with pre-existing feeders only in winter months as
low temperatures and scasonal food shortage have been
linked to stress-induced immunosuppression in birds.”> On
this basis, we assumed increased detectability of avian in-
fections in colder months.

Avian species sampled

We sampled three native nectarivorous species: tur, kor-
imako, and tauhou. All species have been previously ob-
served drinking from urban sugar water feeders.” We
examined cach bird for clinical signs of avian poxvirus,
sampled for the presence of pathogens or parasites, and
assessed its body condition. We additionally sampled one
primarily granivorous introduced species, house sparrow
(Passer domesticus), for avian poxvirus and body condition.

Bird capture and sampling overview

We caught birds via mist netting for sampling in recruited
gardens over a total of 30 days. We only processed target
species, while non-target species were released without
processing (Supplementary 1). In gardens with pre-existing
feeders, we conducted pathogen sampling once in summer
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Figure |. Map of study gardens in Auckland and Dunedin, New Zealand. The urban—rural boundary is shown, with the urban areas shaded
in dark gray, and the rural areas shaded in light gray. The white color on the map represents the water. Reference coordinates are

expressed as latitude and longitude (WGS84).

(2018/2019) and once in winter (2019) for cach garden in
Auckland and Dunedin. In Auckland gardens with no pre-
vious feeding history, we conducted sampling once in winter
(2019).

After extraction from a net, we placed captured birds in
cotton holding bags that had been washed with Trigene®
(MediChem International, Kent, UK). All individuals were
banded with numbered metal bands issued by the New
Zealand Department of Conservation Bird Banding Office.
We weighed cach bird, recorded standard morphometric
measurements, and recorded the fat score to assess body
condition.

Infection sampling

Salmonella spp. sampling. We sampled target species in
Auckland and Dunedin gardens with pre-existing feeders. We
took cloacal swab samples using sterile transport swabs and
placed them in a clean tube with enrichment growth media for
Gram-negative bacteria (Copan, Italy). We also swabbed
cach sugar water feeder twice: once in winter and once in
summer. Afier swabbing, we immediately placed samples on
ice for transportation. We refrigerated all samples at 2-4°C as
soon as possible after collection. Samples were sent for
laboratory screening within 7 days. All screening was con-
ducted at Gribbles Veterinary Pathology, Auckland or
Dunedin, New Zealand. See Supplementary 2 for the full
screening method description.

Chlamydia psittaci sampling. We swabbed the conjunctiva,
choana, and cloaca of target individuals (in that order) with
sterile dry swabs (Copan, Italy). We placed samples in clean
plastic tubes (Axygen®). The screening was performed using
PCR at Massey Equine Parentage and Animal Genetic

Services Centre, Palmerston North, New Zealand. Sece
Supplementary 3 for screening method description.

Avian poxvirus sampling. We visually screened target indi-
viduals for signs of avian poxvirus in the form of pox-like
lesions indicative of this infection.® We defined poxvirus
presence as visible skin lumps on feet, toes, around bills, and
eye areas (fol]owing.‘”

Lice sampling. We examined wing primary and secondary
feathers, tail rectrices, and body feathers of target individuals
for evidence of avian chewing lice using the visual screening
method, the least invasive and the most accurate of all the
existing methods.>”

Coccidia sampling. We screened target individuals for the
presence of endoparasite coccidia infection using fecal
samples. We used a clean toothpick to scrape fecal samples
into a 2 mL Eppendorf® tube cither directly from the def-
ecating bird or holding bags. We placed each sample on ice
and refrigerated them at 2-4°C as soon as possible after
collection. We used the fecal floatation method to assess
parasite presence’’; Supplementary 4).

Body condition

Scaled mass index. We used the scaled mass index (SMI) to
assess bird body condition, which corrects mass for body
size.”® The SMI is a better predictor than other condition
indices because it accounts for allometric relationships be-
tween morphological measurements.”’ To calculate the SMI,
we used maximum tarsal length for each target species as this
had the strongest correlation with the mass on a log-log
scale.”® The formula for the SMIs calculated for cach sam-
pled individual was
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where M, and L; are the mass and linear body measurement of

an individual; L is the sample mean observed for L; SMA is
the scaling exponent estimated by the standardized major
axis regression of In (M) on In (L); and M;, is the predicted
body mass for individual i, where the lincar body size is
scaled to Ly. We calculated the standardized major axis re-
gression slope (for the scaling exponent, SMA) using the
software RMA v 1.21.7 The SMA for house sparrow = 1.72;
korimako = 4.38; tauhou = 2.16; and tu1 = 2.02.

Fat score. We assessed furculum fat deposits in target indi-
viduals using a visual method. Fat is the primary energy
reserve in small passerines and indicates overall body con-
dition.”” We scored the amount of visible subcutancous fat in
the furculum of the clavicle (tracheal pit) as follows: 0 = no
visible fat, 1 = furculum <33% full, 2 = furculum 33% 66%
full, 3 = furculum filled, 4= outward bulging fat in furculum,
and 5 = fat deposits extending over the pectoral muscle
(following." >

Statistical analysis

All statistical analyses were performed in R 4.1.0 and results
were visualized using the ggplot? pac}mgc.“’I

Auckland gardens in winter. We used a mixed-eflects model to
test the effect of sugar water feeder presence on each health
response variable (body condition, fat score, and infection
presence) in the target species. Each full model included the
fixed effect of the feeder (present/absent) and the random
effect of location (garden ID).

Gardens with pre-existing feeders. We tested the effects of

climate, season, and sugar concentration on cach health
response variable (body condition, fat score, and infection
presence) in the target species. Each full model included the
fixed effects of climate (Auckland/Dunedin), scason
(summer/winter), and sugar concentration (ranging in
feeding gardens from 3.6% to 25% w/v, as reported by
volunteer households), and included all 2- and 3-way in-
teractions. Location (garden ID) was also added as a random
effect.

Model selection was done through ANOVA comparison
using AIC and chi-square tests to determine the most par-
simonious model. The random effect of location was re-
moved where there was zero variance attributed, and the
model was over-fitting. In all models, bird identity was not
included in the random effects because the recapture rate was
negligible (<1%) and we did not sample the same bird twice
for the same infection.

For analysis of the response variables of avian poxvirus,
lice, and coccidia prevalence (binary response: 0 = not
infected and 1 = infected), we used generalized lincar
mixed-effects models (family =binomial). The models were
fitted by maximum likelihood-based on Laplace approxi-
mation in the Ime4 packagc.“’2 If the random effect of lo-
cation (garden ID) was removed from the model, we

analyzed it as a generalized linear model (family = bino-
mial) fitted by iteratively reweighted least squares in the
stats package. For analyzing the SMI response (body
condition, continuous variable), we used lincar mixed-
effects models fitted by restricted maximum likelihood
(family = Gaussian) in the ImerTest package with t-tests of
significance using Satterthwaite’s method. If location was
removed from the model, we analyzed it as a multiple linear
regression model in the stats package. To analyze the or-
dinal response variable of the fat score, we used cumulative
link mixed-effects models fitted by Laplace approximation
(link = logit) in the ordinal package. If location was re-
moved from the model, we analyzed it as a cumulative link
model in the same package. To estimate the error for
modeled means, the 95% confidence intervals were cal-
culated for significant effects.

We did not model Chlamydia psittaci and Salmonella spp.
data for the tested species as all the sample tests returned
negative. For some tests on the effect of city, season, or sugar
concentration, we did not include data in the modeling if the
obtained sample size was minimal (e.g., fecal samples for
some low-capture rate species) or there was no variation in
the response variable (e.g., fat score in tui).

Results

Pathogen prevalence

Over summer 2018/2019, we caught and sampled 86 indi-
vidual birds (Supplementary 5), primarily tauhou (79%), for
the presence of Salmonella spp. and Chlamydia psittaci. No
individuals tested positive for these pathogens. In addition,
Salmonella spp. was not detected in any of the samples taken
directly from feeders (n = 44).

Avian poxvirus infection

Over summer 2018/2019, we caught and inspected 393 in-
dividual birds for signs of avian poxvirus (Supplementary 5).
No pox-like lesions were detected in captured korimako and
tut; however, the sample sizes for these species were small (n
=11 and n = 25, respectively). Pox-like lesions were detected
in house sparrows in Auckland (n = 76 birds sampled)
feeding and non-feeding gardens, but not in Dunedin (n =17
birds sampled).

There was no evidence that avian poxvirus prevalence in
tauhou (r = 264 birds sampled) differed in response to sugar
walter feeder presence (Table 1). For feeding gardens, only the
city aflected poxvirus prevalence in tauhou (Table 2), with the
probability of infection being four times higher in Auckland, the
city with the warmer climate. However, the likelihood of testing
positive was still very low (Auckland = 0.086 (95% CI: 0.037
0.185); Dunedin = 0.022 (95% CI: 0.005-0.089)).

Feather chewing lice

We sampled three nectarivorous species (n = 272) for the
presence of feather chewing lice (Supplementary 5). Feeder
status (feeding vs. non-feeding) affected lice prevalence only
in tauhou: birds in feeding gardens were 2.25 times less likely
to have lice infections (feeding = 0.27 probability, 95% CI:
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Table I. Summary of terms from the most parsimonious models testing the effect of sugar water feeding (feeding vs. non-feeding gardens)
on pathogen prevalence and body condition of house sparrow and tauhou in winter in Auckland urban gardens, New Zealand.

Health response variable Host MES Intercept (feeding) Feeding status
B SE p B SE b

Avian poxvirus Tauhou B —2.201 0.50 <0.00 | #+* —1.454 1.18 0217
Lice Tauhou B —0.973 0.28 <0.00 | #+* 1.453 0.45 0.00 | +*
Coccidia Tauhou B —0.661 0.31 <0.00 | #+* —1.781 0.80 0.026*
SMI House sparrow N 24.237 1.10 <0.00 | #+* 5.711 1.39 0.006™*

Tauhou N 10.799 0.75 <0.00 | #+* 3.496 0.96 0.003**
Fat score (0-5) House sparrow M 1.389 0.86 0.105

Tauhou M 0.535 0.63 0.393

Significant parameter estimates are highlighted in bold.

Parameter estimates ([3) are presented for each model, with reference levels stated for the intercept in brackets.
p <0.10; % p < 0.05 *, p < 0.01; and ==, p <0.001.

Model error structure (MES): B = binomial, M = multinomial, and N = normal.

Table 2. Summary of terms from the most parsimonious models testing the effects of climate (Auckland and Dunedin), season (summer
and winter), and sugar concentration on pathogen prevalence and body condition of korimako, house sparrow, tauhou, and tui in gardens
feeding with sugar water, New Zealand. Parameter estimates (f) are presented for each model, with reference levels stated for the intercept

in brackets.

Intercept
(Auckland, Concentration
Health summer) Concentration City Season X season
response
variable Host MES B SE B SE B SE B SE B SE
Pox Tauhou B —-2.363 0.45 —1.414 0.74
Lice Tauhou B —1.041 0.90 —0.159 0.08 1.318 0.46 0399 1.03 0.207 0.08
T B 8.490 3.77 —0.349 0.17 2283 1.54
SMI Korimako N 68.510 12.46 —2.674 0.95 —49.325 1291 3.356 0.97
House N 25.087 1.33 0.136 0.08 —2.639 1.17
sparrow
Tauhou N 12.326 0.26 —0.493 027 —0.946 0.24
T N 144.983 11.888 0453 075 —17.721 6.75 29457 1666 2183 I.I10
Fat House M —1.984 0.78
score sparrow
(0-4)
Tauhou M —0.077 0.05 —1.454 0.57 —3.247 0.80 0.147 0.05

Significant parameter estimates are highlighted in bold.
p <0.10; % p < 0.05 *, p < 0.01; and =, p < 0.001.

Health response variable: Pox = Avian pox, Lice = feather chewing lice, SMI = scale mass index. Model error structure (MES): B = binomial, M = multinomial,

and N = normal.

0.18-0.40; non-feeding = 0.62 probability, 95% CI:
0.40-0.80; Table 1). In feeding gardens, there was an effect of
city on lice infection in tauhou (Table 2): the probability of
lice infection was higher in Dunedin than in Auckland (mean
probabilities of 0.52 and 0.22, respectively). There was also a
significant interaction between sugar concentration and
season: the probability of lice infection in tauhou increased in
response to increased sugar concentration in winter compared
with summer (Figure 2(a)). In tui, sugar concentration was
the only significant factor (Table 2), with the probability of
lice prevalence decreasing with increased sugar concentra-
tion (Figure 2(b)).

Coccidia

We sampled tui (r = 14) and tauhou (n =221) for the presence
of coccidia infection (Supplementary 5). Feeder status afl-
fected coccidia prevalence only in tauhou: birds in feeding

gardens were 4.25 times more likely to have a coccidia in-
fection than those in non-feeding gardens (feeding = 0.34
probability, 95% CI: 0.22-0.49; non-feeding = 0.08 proba-
bility, 95% CI: 0.02-0.29; Table 1). In feeding gardens,
coccidia prevalence in sampled tauhou was highly variable
across scasons and cities, and as such, the models and their
explanatory variables (city, season, and sugar concentration)
did not significantly explain the data.

Body condition

Scaled mass index. Feeding status affected SMI in house
sparrow and tauhou (Table 1 and Figure 3(a) and (b)); both
species had lower SMI in gardens with feeders (modeled
means for house sparrow: feeding = 24.24, non-feeding =
29.95; for tauhou: feeding = 10.80, non-feeding = 14.29). In
gardens with feeders there was a significant effect of city on
SMI in house sparrow and tui (Table 2 and Figure 3(c) and
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(d)), with SMI being higher in Auckland than Dunedin
(modeled means for house sparrow: Auckland = 27.05 and
Dunedin = 24.42; for tui: Auckland =138.98 and Dunedin =
121.26). The season significantly affected tauhou (Figure
3(e)): SMI was higher in summer than in winter (modeled
means: summer = 12.06 and winter = 11.12). The interaction
between sugar concentration and secason was associated with
korimako SMI (Table 2 and Figure 3(f)): in winter, increased
sugar concentration was associated with increased SMI, with the
opposite trend in summer.

Fat score. There was no significant effect of feeder presence
on the fat score in feeding versus non-feeding gardens (Table
1). In gardens with feeders, there was no variance in fat scores
in korimako and tui, with all observations scoring 0. Tauhou
captured in Auckland gardens were 4.3 times more likely to
have one level higher fat score than tauhou in Dunedin (95%
CI: 1.4-13.5; Table 2). The scasonal effect was more re-
markable: the likelthood of tauhou having one level higher fat
score in summer was 25.7 times more (95% CI: 5.3-123.5)
than in winter (Table 2). The interactive effect of sugar
concentration and the season was significant: for every one-
unit increase in sugar water concentration value, individuals
were 1.16 times more likely to have one level higher fat score
for tauhou in winter than summer. For the house sparrow, the
likelihood of capturing a bird with one level higher fat score
was 7.2 times higher (CI: 1.6-33.7) in summer, but the
sample sizes were too low to detect any other trends.

Discussion

Effects of sugar water feeding

Although sugar water feeders in New Zealand urban gardens
were associated with a lower probability of lice infection in
tauhou, feeders were also associated with lower SMI and a
higher chance of coccidia infection in this species. Unfor-

tunately, the small sample size for tur and the absence of
korimako in Auckland precluded detection of the effects of

feeder presence on health response variables in these species.
All the Salmonella spp. and Chlamydia psittaci tests from
birds in this study returned negative. Similar research on

bread and seed feeding in Auckland detected the presence of

Salmonella spp. in 1.4% of all tested house sparrows, and
Chlamydia psittaci in one spotted dove (Streptopelia chi-
nensis) found dead at a feeder.””-** Our result suggests that

sugar water feeding may be safer for birds in terms of

pathogen (Salmonella spp. and Chlamydia spp.) transmission
risks than bread and seed feeding. However, it 1s possible that
the sample size was too small, and the applied screening
methods were not sensitive enough to reveal the actual
abundance of these pathogens.

This is the first study to report avian infections and body
condition indices for species associated explicitly with sugar

water feeding.”~* Our finding of higher prevalence of

coccidia infection associated with sugar water feeding in one
species, tauhou, is likely linked to the clustering of this
nectarivorous bird around feeders, which does not happen in
non-feeding gardens.

A reduced probability of lice infection in tauhou in gar-
dens with sugar water feeders is not consistent with the

results from Galbraith et al.,*” which showed that house

sparrows were more likely to have lice in gardens with bread
and seed feeders. There are many factors not measured in our
study that could have contributed to lice abundance, such as
habitat, nest types used by birds, bird physiology, parasite
species virulence and even lice breeding slmlcgics.m_ﬁb We
also showed that the probability of lice infection in tauhou
increased in response to increased sugar concentration in
winter. Overall, birds used feeders with higher sugar con-
centrations in winter more often, and were more aggressive
than at feeders with lower sugar concentrations (Erastova
et al., unpubl.). As lice are transmitted from living birds or
shed feathers through direct body contact,”” tauhou con-
gregating in groups at high concentration feeders, along with
increased direct aggression, may increase the potential for
lice transfer.

Our results indicate that house sparrows and tauhou had
lower SMI in gardens with sugar water feeders. This result is
consistent with studies on bread and sced feeding that found
poorer body condition in house sparrows in gardens with
feeders present,'” and in house finch (Haemorhous mex-
icanus) at sites with higher feeder densities.®” Galbraith
et al.,”” reported a mixed effect of feeding status and season,
with SMI being lower in house sparrows and tauhou in spring
than autumn. Aberle®” found that house finches had to spend
more time waiting for their turn in foraging at high-density
feeder areas, which, in turn, increased the risk of infection
transmission. In contrast, the differences in bird body con-
dition we observed are likely to be dependent on the presence
of parasite infections (e.g., increased chance of coccidia
infection in feeding gardens which harms bird health) and
associated host-parasite interactions®; the seasonal factor
may also play a role. There was a month time gap in sampling
feeding and non-feeding gardens in this study, which may
have had a subtle effect on SML

While there was no effect of sugar water feeder presence
on birds’ fat scores in this study, Galbraith et a].,47 found that
tauhou, but not house sparrow, had higher fat scores in
gardens with bread and seed feeders. Given that in small
passerines the fat repository can significantly vary in size
within a short period (a few days or even hours) in response to
food availability, ambient temperatures, physiological con-
dition (molt and breeding), and stress,®” ' SMI appears to be
a better body condition predictor.”®>’

Effects of sugar concentration, city, and season

There were mixed effects of sugar concentration in relation to
the season: (1) the probability of lice infection in tauhou
increased in response to increased sugar concentration in
winter compared to summer; (2) korimako SMI was higher in
winter at feeders with higher sugar concentrations but lower
in summer; and (3) higher sugar water concentrations were
associated with increased fat scores for tauhou in winter
compared to summer. Overall, the primary trend was in-
creased body condition indices (SMI, fat score) at high
concentration feeders in winter for at least two bird species.
The consumption of the higher concentration sugar water
likely meets birds” energetic needs more efficiently compared
to lower concentration solutions, and this improves body
condition.
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concentration on the probability of feather chewing lice infection in birds at feeding gardens in Dunedin and Auckland, New Zealand. (A)
Lice presence probability in tauhou. (B) Lice presence probability in tui.

Season affected tauhou’s body condition, with both SMI
and fat scores being higher in summer than winter. Physi-
ological stress caused by increased energetic requirements at
low winter temperatures and scasonal food shortages has
been linked to poorer body condition in granivorous
birds.”""”* 7 Results from this study suggest that there is a
similar trend for at least one urban species in New Zealand,
tauhou: poorer body condition in winter when nectar and fruit
arc generally less available.

City was an important factor associated with feeder effects
on parasite prevalence and bird body conditions: (1) the

likelihood of detecting pox-like lesions was higher in
Auckland, a city with a warmer climate; (2) tauhou had a
higher probability of lice infection in Dunedin, a city with a
colder climate; (3) house sparrow and tur had higher SMI in
Auckland; and (4) tauhou had a higher fat score in Auckland.
Overall, there were lower parasite infections and higher body
condition indices in the city with the warmer climate. Studies
of granivorous birds associated with bread and seed feeders
have found lower parasite prevalence in tropics compared to
colder temperate climates.”” * Lower parasite loads and a
milder climate may contribute to the increased body indices
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observed in Auckland birds. It is also possible that other
characteristics of the two cities, such as population density,
might have affected our results, but these were out of the
scope of this study.

Feeders as a source of pathogens

We found no evidence for the presence of Salmonella spp. on
sugar water feeders themselves. Although some studies have
not detected this pathogen on urban bread and seed
feeders,”"** a New Zealand study (Auckland) showed that up
to 7% of sampled feeders were positive for Salmonella spp.'®
One of the most common bread and sced feeder visitors in

that study was the house sparrow, which also was shown to
carry Salmonella spp.*”* Given that house sparrows use
sugar water feeders, this may threaten native nectarivorous
species due to the potential transmission of novel diseases or
strains from bread and seed feeders to sugar water feeders. ™
However, the low frequency with which house sparrow use
the feeders may have contributed to the absence of positive
Salmonella spp. samples. It 1s important to note that acute
disecases such as salmonellosis often lead to rapid death away
from feeders, decreasing the probability of catching an in-
fected individual.*

Given this study was conducted in the same city and had a

sample size comparable to that of Galbraith et al.,"” we
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conclude that the overall risk of Salmonella spp. transmission
via sugar water [eeders is low. However, attention should be
paid to the feeder type used for sugar water feeding and its
hygiene. The restricted design of some commercially
available feeders, aimed at nectarivorous species, prevents
feces contamination of the sugar solution and feeder itself.*?

In addition, studies related to the hygiene of urban bread and
seed feeders show that there were lower rates of detecting
Salmonella spp. and coccidia infections at feeding stations
where feces accumulation was prevented by regular
cleaning.”***

Does sugar water feeding pose a risk to native birds?. Although
there was no evidence of highly pathogenic Salmonella spp.
presence in birds and on sugar water feeders, we found that
supplementary sugar water feeding is associated with slightly
poorer bird body condition and higher coccidia prevalence in
urban New Zealand gardens. Based on this, we conclude that
sugar water feeding poses some, although low, risks to native
birds’ health, and sugar water feeding practices should be
used with caution. However, obtaining a large enough sample
size of captured individuals poses a problem in monitoring
disease dynamics,* and unfortunately the larger nectar-
ivorous target species, korimako and tui, proved very difficult
to catch in the urban environment. As a result, the sample size
for these species was too low to detect trends in pathogen and
parasite prevalence, and the majority of conclusions from this
study are made for a single nectarivorous species, tauhou. At
the same time, high sugar concentration was associated with
better bird body condition in winter.

To mitigate the identified risks, we recommend using
specialized sugar water feeders, restricting feeding to cold
winter months, regularly cleaning feeders, and always using
fresh sugar solutions to prevent the growth of potentially
pathogenic microbes.™

Future directions

There was no consistency in cleaning methods applied by our
participating volunteers to maintain sugar water feeder hy-
giene (Supplementary 6). We recommend future investiga-
tions focusing on cleaning methods to develop a justified
guideline for the public to mitigate the risks identified in this
study. Additional studies are needed to explore whether sugar
water feeding is associated with transmission of pathogens
specific to carbohydrate media, for example, Aspergillus spp.
or other yeasts, and whether generalist sugar water feeder
types are more prone to bacteria accumulations than spe-
cialized feeders.
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