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ABSTRACT

Capsule: We studied the diet of Little Tern chicks in the UK using new data collected as part of the
EU LIFE-funded Little Tern Recovery Project (2014-2018) (the LIFE Project), which shows that,
despite a wide variety of prey items being recorded, diet at UK colonies is dominated by two
types of lipid-rich marine fish: sandeel Ammodytes spp. and clupeid species (Atlantic Herring
Clupea harengus and European Sprat Sprattus sprattus).

Aims: To analyse data on the diet of Little Tern chicks from the LIFE Project and assess what
additional insight these provide in comparison to the findings in previous literature.

Methods: Timed chick-feeding observations were made at 12 English and Welsh Little Tern
colonies between 2014 and 2018 and compared to descriptions of chick diet from other UK
studies (published and unpublished).

Results: Chick diet data from the LIFE Project were dominated by lipid-rich marine fish, principally
sandeels and clupeid species (82% of all recorded prey items). Adult Little Terns feeding chicks with
crustaceans or other invertebrates were recorded at 75% of colonies, but there was no evidence
that these routinely made up a substantial proportion of chick diet. We found no significant
inter-annual differences in diet composition between individual colonies. However, analysis of
records of chick diet over a longer time series (Long Nanny colony in Northumberland, with
data available for 17 of the years between 1998 and 2018) showed some significant differences
in diet composition between years.

Conclusion: Although Little Terns are generalist feeders, 82% of the prey diet consisted of two
prey types: sandeels and clupeids. This may leave existing UK Little Tern colonies vulnerable to
any future climate change impacts affecting either the distribution or nutritional quality of their
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main prey species.

Introduction

The importance of feeding studies in animal ecology is
widely recognized (Nielsen et al. 2018). Seabirds are
particularly well represented in feeding studies due to
their position at the top of many marine food chains
(Paiva et al. 2006a, Paiva et al. 2006b, Parsons et al.
2008), and because changing patterns of feeding may
indicate changes in the wider marine ecosystems, such
as declines in the abundance or size of certain fish
species (Wanless et al. 2005).

The Alternative Prey Hypothesis states that generalist
predators will utilize alternative prey as the availability of
their main prey declines (Angelstam et al 1984,
McKinnon et al. 2014, Poysa et al. 2016, Reif et al
2001). Diet flexibility in seabirds can reduce the
impacts of a shortage of preferred food items if a high
abundance of poorer-quality prey are available,

meaning that species which can show flexibility in their
choice of diet are considered to be less vulnerable to
shortages in food supply than species which specialize
on a narrow range of prey items (Gaglio et al. 2018).
However, a diet of low-quality prey may not be
adequate for successful breeding (Pierotti and Annett
1990), and some access to high-quality prey may still be
necessary to ensure chick growth (Paiva et al. 2006b).
In contrast, the provision of high-quality prey to chicks
can bring a range of benefits, including reductions in
chick stress and lower parental foraging effort (Cech
and Cech 2013, Cech and Cech 2017).

The Little Tern Sternula albifrons is a UK Amber-listed
species (Stanbury et al. 2021) and has seen particular
conservation effort in recent years. The species has
undergone an estimated population decline of 37% in
the UK over the last three decades, which has been

CONTACT Nicholas Brodin @ n.e,j.brodin2@newcastle.ac.uk

@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/00063657.2024.2326405.

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-
nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built
upon in any way. The terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://crossmark.crossref.org/dialog/?doi=10.1080/00063657.2024.2326405&domain=pdf&date_stamp=2024-03-25
http://orcid.org/0009-0006-9949-8612
http://orcid.org/0000-0003-4362-3454
http://orcid.org/0000-0002-1180-726X
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:n.e.j.brodin2@newcastle.ac.uk
https://doi.org/10.1080/00063657.2024.2326405
http://www.bto.org/

2 (&) N.BRODINETAL.

attributed to reduced productivity and recruitment
(Wilson et al. 2020). Food availability has been
suggested as an important determining factor in the
location and size of breeding colonies (Perrow et al
2003). In the UK, Little Terns breed solely on the sea
coast, forming colonies on sand or shingle and feeding
by plunge diving for prey in shallow waters close to
shore. The estimated UK breeding population is 1927
apparently occupied nests (JNCC 2021), with 86
separate colonies or sub-colonies (RSPB 2019a),
although the precise number and size of breeding
colonies varies from year to year (Natural England
2012). Little Terns are relatively poorly studied
compared to other tern species (Cabot and Nisbet 2013),
owing to the challenges and limitations of high nesting
failure, shifting colony locations, precocial and semi-
nidifugous chick behaviour, and strong legal protection.

The diet of Little Terns was most recently reviewed
by Eglington & Perrow (2014). Data on the diet of this
species are available from across its geographic range,
including Russia (Snow & Perrins 1998), Portugal
(Catry et al. 2006, Correia et al. 2016, Paiva et al.
2006a, Ramos et al. 2013), Italy (Bogliani et al. 1992),
Japan (Fujita et al. 2009), and Australia (Taylor & Roe
2004). Little Terns appear to be opportunistic feeders
capable of selecting a wide variety of food items
reflecting prey available in the local area (Bogliani
et al. 1992, Catry et al. 2006, Paiva et al. 2006a).
Studies from across the world have identified prey
items as diverse as marine and freshwater fish,
crustaceans, annelid worms, marine molluscs and
insects, the latter including dragonflies, beetles, and
ants (Fasola et al. 2002, Eglington & Perrow 2014).
Within the UK, the Little Tern’s diet is described as
consisting mostly of marine fish and invertebrates
(Natural England 2012, Cabot & Nisbet 2013,
Eglington & Perrow 2014). Since the review of
Eglington & Perrow (2014), the EU LIFE-funded Little
Tern Recovery Project (2014-2018) (hereafter
described as ‘the LIFE Project’) has further
investigated food provisioning in Little Tern chicks in
the UK. The LIFE project focussed on 26 sites in
England and Wales with the overall aim of long-term
recovery of Little Terns in the UK (RSPB 2019b).

Here, we present data on the diet of Little Tern chicks
collected through the LIFE Project between 2014 and
2018, and place this in a long-term context by (i)
reviewing relevant literature and (ii) presenting 17
years of diet monitoring data from a colony in
Northumberland (northern England). We examine
spatial and temporal differences in diet composition
and suggest how these data can aid ongoing recovery
efforts for Little Terns in the UK.

Methods

The review of chick diet drew on three data sources,
which are addressed separately: (i) records of chick-
feeding by parent Little Terns, obtained from a
literature review of published and unpublished
sources, (ii) the LIFE Project’s timed observations of
chick-feeding (from 12 English and Welsh colonies),
(iii) the LIFE Project’s camera trap observations from
a colony at Langstone Harbour in Hampshire
(southern England).

Review of existing literature on chick diet

Previous reviews by Fasola et al. (2002) and Eglington
& Perrow (2014) were used to identify pre-exiting
studies of the Little Tern’s diet at UK locations,
with additional information identified through
searches of the Web of Science database, Google
Scholar, and by direct approaches to the managers of
Little Tern sites. Search terms used were ‘Little Tern’,
‘Sternula albifons’ with ‘diet’, ‘food’, ‘foraging’ and
‘provisioning’.

Information for the numbers or relative proportions
of different prey were extracted from each of the
sources, where available, and were assigned to one of
the following categories: (i) sandeel Ammodytes spp.,
(ii) Clupeidae (Atlantic Herring Clupea harengus and
European Sprat Sprattus sprattus), (iii) Goby Gobius
spp., (iii) flatfish (Pleuronectiformes), (iv) stickleback
Gasterosteidae, (v) other fish species, and (vi)
invertebrates. Where prey could not be confidently
assigned to a taxonomic category the records were
classed as ‘unidentified’.

Collation of the LIFE Project data

Between 2014 and 2018 timed observations of Little
Tern chick-feeding took place across 12 English and
Welsh colonies as part of the LIFE Project. Data were
collected by staff and volunteers at each colony using
timed observations of chick-feeding by parent birds.
Colony observers carried out feeding surveys
independently of each other, leading to variation in
the recording effort between locations and years (see
Table 1 for details of colony locations and observation
effort). It is estimated that 188 separate broods were
subject to feeding observations during the duration of
the LIFE Project. Timed observation of chick-feeding
is a widely used method for single prey-loading
species, such as terns, and allows for the collection of
large numbers of feeding records without disturbance
to the birds (Barrett et al. 2007). A standardized
methodology was circulated among monitoring staff at
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Table 1. List of colonies which provide timed chick feeding observation to the LIFE Project and the duration (in minutes) of chick

feeding observations made in each year.

Location (County) GPS Coordinates 2014 2015 2016 2017 2018
Benacre (Suffolk) 52°23'8.46"N, 1°43'4.63"E 0 324 0 0 0
Blakeney (Norfolk) 52°58'38”N, 000°57'47"E 1300 800 0 0 0
Chesil Beach (Dorset) 50°36'57”N, 002°32'11"W 0 0 0 180 0
Crimdon (County Durham) 54°43'00”N, 001°13'49"W 0 0 0 1680 0
Eccles Beach (Norfolk) 52°48'07”N, 001°35'05”E 0 0 515 0 0
Gronant (Flintshire, Wales) 53°21/34”N, 003°20'55”"W 0 135 1057 271 114
Hodbarrow (Cumbria) 54°11’33”N, 003°16'09”W 0 0 0 0 484
Holkham (Norfolk) 52°58'27"N, 000°48'22"E 330 360 0 300 360
Kessingland (Suffolk) 52°25'41”N, 001°43'52"E 415 0 0 0 0
Lindisfarne (Northumberland) 55°38'45"N, 001°47'08"W 605 1680 660 0 965
Long Nanny (Northumberland) 55°32'24”N, 001°38'16”W 3780 5230 1807 3360 900
Scolt Head (Norfolk) 52°58'52”N, 000°44'43"E 1410 1680 1560 120 330

participating colonies (RSPB 2015), whereby a nest or
brood was selected and observed with telescope or
binoculars for a recommended period of at least
60 minutes, while recording prey items brought to the
chicks. Individual prey items were usually recorded to
the family level, which reduced the need for detailed
taxonomic identification. The LIFE Project produced a
photo identification guide of common prey species to
aid colony staff and volunteers when carrying out the
feeding surveys.

Feeding data were supplied by the LIFE Project as
spreadsheets or digital scans of reporting forms. The
design and format of data capture varied between
colonies and between years. These were subsequently
collated into a single database and any queries
regarding the data provided were resolved directly
with the LIFE Project staff.

Additionally, data for chick diet were collected from
the additional colony at Langstone Harbour, using
camera traps placed at nests during 2015 and 2016.
These surveys were separate to the main feeding
surveys undertaken by the LIFE Project. The Little
Tern colony at Langstone Harbour is located on small
islands where the timed feeding observation method
would be logistically difficult and lead to disturbance
of nesting birds.

The camera traps used in surveys were a mixture of
Bushnell and Acorn manufacture. They were deployed
on the ground approximately 1 m from nest scrapes
and set to record video when triggered by motion. A
single camera trap was used on each of the nest
scrapes surveyed. Traps were used at four individual
nest scrapes during 2015, with video footage captured
between 7 June and 19 July. During 2016, camera
traps were deployed at six separate nest scrapes, with
video footage of chick-feeding captured between the 4
and 9 July. Time- and date-stamped data of individual
feeding events were captured by the RSPB site warden
for Langstone Harbour and made available through
the LIFE Project.

Long Nanny feeding data

In addition to the review of the above information on
chick diet, further feeding observations of Little Terns
have been made by seasonal wardens at the Long
Nanny colony in Northumberland (55°32'24"N, 001°
38'16"W) since 1998. The methodology used to record
feeding has changed throughout this period. In 1998
and 1999, feeding observations were made on a whole
colony basis, while from 2000 onwards one or more
individual broods were observed for a fixed period of
time. Data on chick diet from 2014 to 2018 were
collated as part of the analysis of the LIFE Project data
(see above). Data from before this date were extracted
from physical copies of annual colony reports held at
the National Trust offices at Low Newton, in
Northumberland. Items recorded in the chicks’ diet
were classified using the categories described above.

Statistical analysis

Data from the LIFE Project were collated for each year
and for each of the 12 colonies at which timed
observations had been made. Data from the thirteenth
colony, Langstone Harbour, did not form part of the
analysis as a different field methodology (camera
trapping) was used in their collection. Since relative
proportions of different prey types found within
samples are not independent of each other,
compositional analysis was used to examine patterns
of chick diet (Aebischer et al. 1993). It is important to
note that no measure of prey availability was available,
therefore the results can be interpreted as dietary
differences between or within colonies and years but
any patterns could be a result of either prey selection
or prey availability or a combination of both.

Prey items recorded in timed observations from the
LIFE project were assigned to one of five categories:
(i) sandeel, (ii)) clupeid, (iii) other fish, (iv)
invertebrates and (v) unidentified, the latter
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comprising unidentified or ambiguously named prey
items on recording forms. Unidentified prey were
removed from further analysis and the remaining prey
categories were expressed as proportions of total
observed prey items, with summed values equal to one.

Log ratios were calculated for three of the four prey
categories. The fourth prey category (‘other fish’) was
used as the denominator for the transformation. The
analysis does not depend on which group is used as
the denominator group (Aebischer et al. 1993). Any
zeroes in the dataset were replaced with 0.1 to allow
calculation of log ratios.

Log-ratio values for different prey groups were
compared using MANOVA to examine the effect of
colony location and year, and any interaction between
the two. The model was assessed using the Pillai-
Bartlett trace statistic (A) with values of P<0.05
considered as significant. Data were tested for
multivariate normality using Mardia’s tests. Data were
included in the model from all 12 colonies that
provided timed observations of chick-feeding to the
LIFE project. No significant skew (P=0.14) or
kurtosis (P =0.51) were found.

Differences between colonies in the proportions of
sandeel, clupeids, and invertebrates relative to other
prey were analysed further using ANOVA.
Model residuals for each prey category were examined
using residual vs fitted value plots, residual
histograms, Q-Q Plots and Shapiro-Wilks tests. Model
residuals conformed with assumption of normality for
sandeel (P=0.39), clupeid (P =0.09) and invertebrates
(P=0.25).

Observations of Little Terns feeding chicks at Long
Nanny pre-date the LIFE Project, and began in 1998.
Data from individual feeding surveys were available
for 13 of the breeding seasons between 1998 and 2018,
while a summary of the overall composition of chick
diet (expressed as a percentage of total observed chick
diet) was available for an additional four breeding
seasons. No quantitative data were available for the
years 2000, 2004 and 2006.

Data for chick diet were extracted from annual
colony reports and from LIFE Project recording
sheets, and observed prey items from each timed
count were assigned to the categories: (i) sandeel, (ii)
clupeid, (iii) unidentified, (iv) other. This latter
category comprised other fish and invertebrates, which
were combined due to the low number of records in
most years.

Mardia’s tests suggested significant skewness (P <
0.001) in the data from the Long Nanny colony, which
could not be addressed by transformation. As such, a
Poisson Generalized Linear Model was used to

determine if counts of sandeel within observations
varied between years using prey data collected from
individual timed observations. All statistical analyses
were carried out using R (R Core Team 2021).

Results
Literature review

We identified 30 sources of information on the diet of
Little Terns in the UK for the period up to 2014, of
which 28 contained details of chick diet (Table S1).
These included 18 additional sources not referenced
within the most recent literature review of tern
foraging ecology by Eglington & Perrow (2014). All
but one of these additional sources came from the
grey literature of annual colony reports or student
dissertations.

Marine fish dominated dietary records for both
adults and chicks (Figure 1). Within the chick diet,
the prey items whose presence was most frequently
noted in reports were sandeel (100% of sources) and
clupeids (93% of sources). A variety of other fish were
noted in the literature, most notably flatfish
(Pleuronectiformes), which were mentioned in 50% of
reports, and goby, mentioned in 28% of reports.
Invertebrate prey items were identified as a
component of the chick diet in 51% of available

Sandeel 1

Clupeid A

Goby 1

Flatfish 1

Gadoid 1

Stickleback A

Other Fish 1

Invertebrate 1

0 25 50 75 100
% of sources where prey type was reported

Figure 1. Summary of the frequency of prey types mentioned as
forming part of the diet of Little Tern chicks in reports identified
by literature review. A total of 28 reports were consulted. Not all
reports contained full lists of prey. Reports date from 2014 or
earlier. See Table S1 for the sources used.



studies, with the majority of items described as ‘shrimp’
(Caridea or Dendrobranchiata) or ‘crustacea’. A median
of three different prey types were reported as being
present in the chick diet (range = 2-6).

Only 68% of the sources provided information about
the relative abundance of individual prey items within
the chicks’ diet. Full quantitative data on the diet of
chicks could only be confidently derived for three
locations: Long Nanny, Easington Lagoons, and the
Great Yarmouth and North Denes SPA. Partial
quantitative information was given for a fourth site
(Gibraltar Point) by Davies (1981) but a complete
breakdown of the relative proportions of all observed
prey items was not given.

Available numerical data for the chick diet showed a
dominance by sandeels and clupeids, although their
relative contribution to total diet varied with location.
Invertebrate prey made up only a minor component
of the chick diet where full quantitative data were
provided (typically less than 2%) despite being
recorded as a component of the chick diet in over half
the available sources. It should be noted that Davies
(1981) found that crustacea made up over 90% of
chick diet at Gibraltar Point, but we excluded this
study from our analysis due to the absence of a full
numerical breakdown of the relative proportions of
the other prey species mentioned in the paper.

The LIFE Project’s feeding observations

Timed observations made through the LIFE Project
produced a total of 2202 chick-feeding records in the
period 2014-2018 (Figure 2(a), Table 2). A median of
three different prey types were identified at each
colony (excluding unidentified items) across the total
duration of the LIFE Project (range = 2-6).

In addition to dietary records obtained through timed
observations, an additional 442 records of chick-feeding
were captured through camera trap footage at Langstone
Harbour during 2015 and 2016 (Figure 2(b), Table 3).
Records from 2015 identified six prey item types, while
records from 2016 identified three types of prey
(excluding unidentified prey items in both years).

The prey types most frequently recorded during
timed feeding observations were sandeels (n=1 250)
and clupeids (n=562). Sandeels were recorded in the
chick diet from all 12 colonies at which feeding data
were collected through timed observations (Figure 2
(a)). Other named fish species made up less than 1%
of the total prey records. The majority of these other
fish species were gobies (n = 6) with a small number of
flatfish (n=2) and a single record of an unsuccessful
attempt to feed a Butterfish Pholis gunnellus to a chick.
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The dominant prey species identified in camera trap
data from Langstone Harbour was gobies (n = 137), with
sandeels (n = 30) and clupeids (n = 82) together making
up 25% of prey items. Small numbers of flatfish (n = 8)
and European Seabass Dicentrarchus labrax (n=4)
were also recorded.

Invertebrates were a minor component of the chick
diet in data from the LIFE Project, making up 3% of
prey items recorded. Despite the overall low number
of records (n=60), invertebrate prey items were
reported in nine of the 12 colonies at which timed
feeding observations took place (Figure 3). The
majority of these were identified as ‘shrimp’ on
recording forms. In addition to the 12 colonies at
which timed feeding observations were undertaken,
the Langstone Harbour camera trap data contained
only two records of invertebrate food items. Prey
items were unidentified in 12% of records from timed
observations and 41% of the records from Langstone
Harbour camera trap data.

Comparison of the LIFE Project and existing
sources

The relative abundance of identified prey items
recorded through the LIFE Project was broadly similar
to that identified in those existing data sources in
which the numbers or percentages of prey were given
(Figure 4(a,b)). The exception to this was prey falling
into the category of ‘other fish’ which were recorded
almost four times more frequently in the existing
studies than in the LIFE Project observations,
although it should be noted that 90% of the prey
records for this category came from only three of the
14 pre-existing surveys used in the production of these
figures.

Butterfish (n=1) and Seabass (n=4) were both
recorded in LIFE Project data (at Long Nanny and in
Langstone Harbour camera trap records respectively)
and do not appear to have been recorded previously
in the diet of Little Terns within the UK. However,
both of these species were minor components of chick
diet. No records of freshwater/brackish fish, such as
sticklebacks, featured in the primary data collected as
part of the LIFE Project, but did feature in pre-2014
colony reports from Long Nanny and in reports from
Easington Lagoon.

The LIFE Project increased to eight the number of
UK Little Tern colonies for which multi-year numeric
data on chick diet was available, up from a previous
total of three. This included four sites for which no
previous information on chick diet has been presented
in the available literature.
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Figure 2. (A): Summary of the numbers of individual prey items recorded through timed feeding observations at the 12 colonies from
which observations were made during the LIFE Project (2014-2018). Not all colonies were surveyed in each year. n = total number of
prey items recorded at each location. (B): Summary of prey delivered to chicks caught on camera trap footage at Langstone Harbour in
2015 and 2016. n = number of prey items recorded.

Variation in diet composition between colonies

and years

Chick provisioning data
observations were available from multiple years for
Holkham,

five locations:

Blakeney,

from

timed feeding

Gronant,

Lindisfarne, and Scolt Head. The composition of
the chick diet differed significantly between colonies
(A=1.755, P=0.037) but there was no evidence
within individual colonies of a statistically significant
difference  between years (A=0.499, P=0.74).
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Table 2. Summary of the diet records of Little Tern chicks collected from timed observations by the LIFE Project (2014-2018).

2014 2015 2016 2017 2018 Total

Prey item n % n % n % n % n % n %
Sandeel 368 63.3 339 49.2 206 51.0 244 71.8 93 49.5 1250 56.8
Clupeid 85 146 252 36.6 126 31.2 59 17.4 40 21.3 562 25.5
Other named fish species (goby, Butterfish, flatfish) 5 0.9 2 0.3 0 0.0 1 0.3 1 0.5 9 0.4
Unidentified fish species 8 14 10 15 23 57 0 0.0 19 10.1 60 2.7
Invertebrate 12 2.1 29 4.2 8 2.0 9 2.6 2 1.1 60 2.7
Item not identified 103 17.7 57 83 41 10.1 27 79 33 17.6 261 11.9
Total 581 100 689 100 404 100 340 100 188 100 2202 100
Number of colonies from which data were collected 6 7 5 6 6 12

ANOVAs showed that, relative to the ‘other fish’
category, there was a significant difference between
colonies in the proportion of sandeels observed within
the chick diet (F;;14=3.32, P=0.02). No significant
inter-colony differences were found in the proportion
of clupeids (Fy;14=1.47, P=0.25) or invertebrates
(F11,14=1.34, P=0.3) relative to prey in the ‘other fish’
category.

The proportion of sandeels observed in the chick diet
varied between colonies at which timed feeding
observations were made. In nine of the 12 colonies,
sandeels made up more than half of the total observed
chick diet. The mean percentage of sandeels observed
in the chick diet from these 12 colonies across all
years was 58.7% (+6.3% se). Only at Blakeney, Chesil
Beach, and Holkham was the proportion of sandeels
less than 50% in the observed chick diet. Clupeids
were the main component of the chick diet at these
three sites.

Feeding records from Long Nanny

Data for the observed composition of the chick diet
were available for 17 of the 21 Little Tern breeding
seasons between 1998 and 2018 (Figure 5). Between
two and six categories of identified prey were
observed in each year (median = three). Sandeels were
the dominant prey item observed in the chick diet in
all years, with the exception of 1998 (Figure 5).

Table 3. Diet of Little Tern chicks at Langstone Harbour,
obtained from camera trap images. N is the number of items
recorded.

2015 2016 Total
Prey item n % n % n %
Sandeel 25 8.6 5 33 30 6.8
Clupeid 45 154 37 24.7 82 18.6
Goby 69 23.6 68 453 137 31.0
Other named fish species 12 4.1 0 00 12 2.7
(seabass and flatfish)
Invertebrate 2 0.7 0 0.0 2 0.4
Item not identified 139 476 40 267 179 405
Total 292 100 150 100 442 100

Clupeids were recorded in 15 of the 17 years and
were the dominant prey species recorded in 1998,
when they accounted for 54% of prey records.
The records of gobies, flatfish, and sticklebacks made
up a minor component of the observed chick diet
(mean =3%). The exception was in 1999, where
together these three fish made up 24% of the total
observed prey.

Dab Limanda limanda was identified among flatfish
in the 2008 and 2011 feeding surveys, but no detailed
taxonomic classification was given in other survey
years. Invertebrate prey items (predominantly
identified as shrimp) were recorded in five out of the
17 years and made up only a minor proportion of
observed prey items (mean of 0.7%).

Data were available on the numbers of individual
prey items recorded in 17 years of the 1998 to 2018

Sandeel -

Clupeid 1

Goby 1

Flatfish -

Other Fish 1

Invertebrate 1

0 25 50 75 100
% of colonies where prey type recorded

Figure 3. Frequency at which prey types were recorded at the
LIFE Project colonies (n=12). Data are for timed observations
only and do not include the Langstone Harbour camera trap
records.
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Review of Pre-Exising Data Sources
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Figure 4. Boxplots showing the range of contributions which
different prey types made to overall chick diet across all UK
colonies and years for which numeric data were available
from (A): the literature review and (B): the LIFE Project
colonies. Calculations of proportions exclude unidentified prey
items.

period. Comparison of these feeding records showed a
significant variation in diet composition between years
(X, = 66.01, P<0.001).

Discussion

This study brings together the available data on the
chick diet from feeding surveys carried out by the EU-
LIFE-funded Little Tern Recovery Project, with data
from other UK studies that includes a long-term
monitoring project in Northumberland. While a
number of pre-existing sources of information on
chick diet were available from the UK, these were
from a small number of named locations, with limited
quantitative multi-year data (Table S1).

The results gathered here confirm the picture of the
Little Tern being a dietary generalist that makes use of
a wide range of different prey across different colonies
and years. However, the overall diversity of prey
recorded in the chick diet during any single breeding
season was generally low, suggesting a reliance on a
small number of prey species. Both sandeels and
clupeids are lipid-rich food items and considered to be
of high nutritional value for chick development
(Green 2017, Norman 1992, Wanless et al. 2005). The
frequent occurrence of these two prey perhaps
suggests that foraging adults may have been
preferentially selecting certain prey types with which
to provision chicks. However, in the majority of
locations no measure of prey availability was available.
The results, therefore, can be interpreted as dietary
differences between or within colonies years, but any
patterns could result from prey selection or
availability, or a combination of both.

The composition of the Little Tern’s diet is generally
taken to be a reflection of prey abundance within the
foraging distance of colonies, with both Catry et al
(2006) and Perrow et al. (2011) finding that the
dominant species observed in the chicks’ diet reflected
those found in fish surveys of adjacent waters. Some
limited data on prey resources within foraging areas
around the LIFE Project colonies were available from
2015 and 2016 fish surveys of Langstone Harbour
(MacCallum 2015, 2016) and from 2016 in the areas
adjacent to Long Nanny (Northumberland Inshore
Fisheries and Conservation Authority 2017). Data
insufficient for statistical analysis of the
relationship between the chick diet and available prey,
but indicated that the dominant species in the diet
coincided with those abundant around the colony.
However, the data also indicated that a range of other
potential fish prey appeared to be available to foraging
birds, which were not regularly recorded in the chick
diet. This could suggest that adult terns were not
provisioning the full range of potentially available prey
to the chicks, and were selectively taking sandeels and
clupeids when foraging food for their young. Further

were
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Figure 5. Chick diet composition at Long Nanny from 1998 to 2018 based on annual feeding surveys. n = total number of individual
prey items recorded. No quantitative data were available from 2000, 2004, 2006, and 2012.

study would be needed to confirm this, although some
evidence of prey selection by adult Little Terns has
previously been found by Phalan (2000) at Kilcoole in
Ireland, where gobies were strongly selected for by
breeding adults foraging in brackish water, while
crustaceans appear to have been largely ignored.

The lack of evidence of inter-annual variation in the
composition of the chick diet from the LIFE Project
colonies contrasts with the findings of Catry et al.
(2006) on the diet of Little Terns in Portugal. This
difference may reflect a greater stability in the
availability of individual prey species in the foraging
areas surrounding UK colonies, although it is also
possible that the small sample sizes from a number of
colonies has led to lack of statistical power in the LIFE
Project data. This explanation is given some support
from the evidence of interannual variation in the
available chick-feeding data from Long Nanny for the
period between 1998 and 2018.

Starvation was recorded as a major cause of chick
mortality at Long Nanny in 1999 (Harvey and Shields
1999), one of the years with a notably different
composition of the chick diet (see Figure 5). During
1999, adult Little Terns appear to have compensated
for food shortages by bringing a wider variety of fish
species to the chicks, as might be expected under the
Alternative Prey Hypothesis. The high mortality of
chicks in that year suggests that this strategy had
limited success. There also appears to have been some
starvation-related mortality of chicks at Long Nanny

in 2004 (RSPB 2004), but unfortunately, no detailed
breakdown of chick-feeding is available for that year,
so it is not possible to assess how any shortages were
reflected in diet composition.

Some uncertainty has been expressed in the literature
for Little Terns about the relative importance of fish and
crustacea in the diet (Cabot & Nisbet 2013). In the UK
context, the findings of Davies (1981) are often cited as
an example of the importance of crustaceans. However,
the current study suggests that, while invertebrates are
frequently reported as a component of the chick diet
in UK colonies, there is little evidence that they form
a major food source. Catry et al. (2006) noted that
previous studies in which crustacea were found to be
an important component of the chick diet have been
at locations where adults foraged over brackish waters.
The majority of the UK Little Tern colonies, and all of
the colonies studied through the LIFE Project, are in
locations where adult foraging is likely to have
primarily taken place on the sea coast. This might
explain the lack of abundance of crustacea in chick-
feeding records and would suggest that Davies’ (1981)
results are likely to be unrepresentative of the diet of
Little Tern chicks at other UK colonies, at least during
those years where alternative prey is abundant.

Similarly, freshwater fish can form an important part
of the chick diet in Little Tern colonies elsewhere in the
world (Bogliani et al. 1992, 1994), where these are
adjacent to freshwater lagoons or river systems, but
the data presented here suggest their importance is
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limited in the UK. This presumably reflects the foraging
habitat available around UK colonies and the presence
of higher quality prey items in the form of marine fish.

Summary of findings and potential impacts of
climate change for management

The results presented here confirm the generalist nature
of the Little Tern’s diet, with a wide variety of prey
recorded, but that the chick diet is generally
dominated by a small number of food types,
principally sandeels and clupeids. The predicted
decline of sandeels due to rising sea temperatures is a
matter of concern for UK seabird conservation, with
changes in the abundance and nutritional quality
likely to be affected by climate change (Wright et al.
2018, Mitchell et al. 2020). The dominance of sandeels
within the chick diet at many of the LIFE Project
colonies suggests that UK Little Tern colonies are
potentially highly vulnerable to any such impacts. The
two most likely responses of the Little Tern to any
reduction in the quantity or quality of sandeels would
be a switch to alternative prey, as predicted by the
Alternative Prey Hypothesis, or move of the colony
location to areas adjacent to better food resources
(Perrow et al. 2003). The latter scenario would be
particularly unpredictable and could see the
abandonment of long-established breeding colonies.
Any such changes in breeding location would likely
require a flexible and rapid response from site
wardens or others involved in the protection of
nesting colonies, especially if attempts are made to
breed on busy public beaches outside of current
conservation management, or on otherwise sub-
optimal habitat. Action to pro-actively manage more
areas of the coast to provide suitable locations for
nesting shorebirds would be advantageous if there is
increased movement of Little Tern colonies in the
future, in response to changes in food availability, as
well as being of benefit to a wider range of breeding
coastal birds.

The majority of UK studies of Little Tern diet have
used observational techniques to record sightings of
feeding. This reflects the high levels of legal protection
from disturbance afforded to Little Terns in UK
legislation, and the subsequent need for survey
methods which are non-invasive and minimize human
presence  within  breeding colonies. However,
observation of chick-feeding behaviour is labour
intensive and carries a risk that prey items will be
misidentified (Barrett et al. 2007). There is scope to
use a range of other techniques, such as photography
(Gaglio et al. 2018, Gaglio et al. 2017), stable isotope

analysis (Ismar et al. 2014), DNA barcoding of faecal
material (Jo et al. 2022), or examination of scales and
otoliths in regurgitated food pellets (Correia et al.
2016), to bring new insights into the patterns of tern
diet. Of these, the use of photography or video to
gather additional information is likely to be the
technique that could be incorporated into chick diet
studies at UK Little Tern colonies, with fewest
logistical or resource issues. The camera trap data
available from Langstone Harbour indicated that chick
diet was dominated by gobies and clupeids, in contrast
to the dominance of sandeels and/or clupeids seen at
the LIFE Project colonies where timed observations
were used. Available information for the abundance of
small fish at Langstone Harbour (MacCallum 2015,
2016) suggests that this difference was likely a true
reflection of local prey availability, but additional
studies at other sites to compare the results obtained
from camera trapping and timed observation
techniques would be welcome.

The LIFE Project was notable for producing feeding
surveys from a wide geographical spread of English
and Welsh Little Tern colonies. However, the
recording effort put into gathering data on the chick
diet varied strongly between colonies, with relatively
low sample sizes being obtained at some locations.
Continued and ongoing data collection on the chick
diet at colonies would therefore be desirable to help
build our current knowledge and to detect any
changing patterns of prey availability.

There is limited monitoring of food resources in the
foraging areas used by Little Terns in the UK, and, with
the exception of some previous studies in Norfolk
(Perrow et al. 2003, 2011), there have been few
attempts to link data for food resources and chick
provisioning. This would be a valuable research area
that would help address some of the uncertainties
identified in the current study of the degree to which
prey selection influences the composition of the chick
diet. Such research could also provide an early
warning of future problems, especially if combined
with ongoing surveys of chick diet and monitoring of
colony productivity.
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