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Eepasuiickue uepnvie xkpauxu numaromcs
6eCno360HOUHBIMU U METKUMU NO360HOYHbI-
mu. Tunvl KOpMOBbIX 00BLEKMOE U CKOPOCMb
docmasKkuy nuwu NMEHYam Uyyaniucsy 6 ne-
puoo 1995-2005 ze. 6 Hudepnanoax, 6 mpex

PAZTUUHBIX MECMOOOUMAHUSIX: 8 CelbCKOXO3AUCMBEHHbIX Y200bSIX, HUSUHHBIX
(a6mpouvix) bonomax u mopgsnvix 6oromax. beuu 3apecucmpuposanvi
makue epynnvl 00bEKMos NUManus, Kak polOvl, CMpPeKo3bl, MeIKUe HACEKo-
Mble, TUYUHKU BOOSIHBIX JICYKO8 U 3eMisinble depsu. OKazanocs, Ymo Kpauku
000b168aI0M  PA3IUYHbBIE KOPMOBbIE OOBLEKMbL 6 PA3HBIX MECMOOOUMAHUSX,
HO pulObl, TUMUHKU JICYKO8 U CMPEKO3bl HAUbONee BAdCHbI C MOYKU 3PEHUs
ouomaccel. Camyvl npunocsm Oonvule pulobl U JUYUHOK JICYKOB, YeM CAM-
Ku, 4mo evlpasicaemcsi 8 6onvulell cpeoHell CKopocmi nepenoca OUoMAaccyl
(9,5 me / munymy x 5,5 me / munymy). Omo, 6 c60i0 ouepedn, blpalNCaemcs 6
bonvbuel cymmapHot buomacce, npuHocumou nmenyam camyamu. Ilockonvky
camypl umelom Ooiee ONTUHHbIE KAIO8bl, OHU MO2YM Jaydule 106Umbs puloy, a
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CAMKU MOocym npu 3nmom ocmaeamscsi baudice Kk 2H€3()y, cosepuiast bonee xo-
POmKuUe Kopmossble noJjienibl.

Knrouesvie cnosa: uepnas kpauka, enezoosanue, munvlt ianouiagpmos, Huoep-
JIAHObL, DKOLO2USL KOPMILEHUS, 6bIKAPMIUBAHUE NMEHY08, KOPMOGble 00BbEKMbl,
ouomacca.

Camui Ta caMKHM YOpPHUX KPSAYKIB 00MPalOTh pPi3Hi THNIM 00’€KTIB KMB-
JIEHHS JJIsl BUTOIOBYBaHHS NmTameHAT. S0 Ban nep Bingen, Maprin Iyt
Dantelaan 115, 3533 VC, Utrecht, the Netherlands.

€8pasiticoki YOPHI KPAUKU IHCUBTIAMBCS De3xpebemuumu ma OpioHuMu xpe-
oemuumu. Tunu o0’ckmis dHcusienns ma wWeUOKicms 0ocmasKu idci nma-
wenamam euguanu 6 nepioo 1995-2005 pp. y Hioepnanoax, y mpwvox pizHux
Munax —ocenuwy: CilbCbKO20CNOOAPCLKUX —VeI0O0sAX, HUSUHHUX (eempog-
Hux) boromax ma mopgh’anux 6onomax. Bynu sapeecmposani maxi epy-
nu 00 ’ekmie JicusienHs, K puobu, 6adKu, OpiOHI KOMAXU, TUYUHKU BOOSHUX
JICYKI6 ma 3eMIAHI yeps'sku. Busenriemvcs, wjo Kpauku 3000Y6aromv pizHi
00 €KMuU JHCUBTIEHHS 8 DIZHUX OCenTuulax, aie pubu, TUYUHKY JCYKI6 | 6abKu
Hatigadiciusiwi 3 mouku 30py diomacu. Camyi npunocsims Oinvuie pubu ma au-
YUHOK JICYKIB, U0 8I000padicacmvcs 8 Oinbluill cepeoHill WEUOKOCHT NePeHoCcy
oiomacu (9,5 me / xeununy 00 5,5 me / xeununy). Le, 6 ceoio uepey, 3naxooums
8I000padiceHHsL Y Oinbill CyMAPHIll 6ioMACi, AKY camyi NPUHOCAMb NIMAULEHs-
mam. OcKinoKu camyi Maoms Oinbuty 008ACUHY 03600Y, GOHU MOAICYMb KPA-
we 1068umu pudy, HaMoOMIiCMy CAMKU MAIOMb 3M02Y 3ATUUAMUCS OudICHe 00
2HI30, 30IUCHIOIYU KOPOMULI KOPMOBI Nepeibomil.

Knrouosi cnosa: Kkpsuox uwopnutl, — eHI30Y6aHHs, MUnu JAaHOUApmis,
Hioepnanou, exonocisi ocugients, 6u20008Y8anHsT NMAWEHAM, KOPMOGI
00 ‘exmu, biomaca.

Eurasian black terns Chlidonias niger niger breed from Western Europe into Asia.
Especially in Western Europe (Birdlife 2017), but more recently also in Central Europe (e.g.
Antczak et al. 2015) the breeding populations are declining. The declines are explained by
deterioration of breeding habitat and not by bottlenecks during migration or staging in the
non-breeding areas (Van der Winden 2005a). The main reason for the decline is the loss
of dynamic wetlands with substantial periods of floods and droughts resulting in a loss of
nest substrates and the increase of disturbance by recreation and agricultural activities (van
der Winden 2002, 2005a). The water management in Dutch wetlands hardly allows water
fluctuations since the sixties and this means that the preferred floating vegetation (7ypha spp,
Nuphar lutea, Stratiotes aloides) and mud banks are very scarce nowadays. For this reason
many volunteers provide nest rafts as alternative nesting places for the terns (van der Winden
2005). This indeed resulted in an increase of the population in many regions (Figure 1).

Apart from these major causes for the declines, Beintema (1997) suggested dietary
problems to be a factor for the downward trend of Black terns in Western Europe. For this
reason between 1995 to 2005 many studies focused on the feeding ecology of Black terns.
Indeed some local negative impacts were proofed, such as in acid moors where fish is absent
(Beintema et al. 1997) but generally food is not limiting for reproduction in Dutch wetlands
(van der Winden 2005a, b). The relative high breeding success in most areas is another good
indication that food is no limiting factor (van der Winden 2005).
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But still the collected information on feeding ecology is interesting from a biological
point of view, for instance to compare it with other sites within the breeding range. Black terns
feed on a wide variety of prey items during the breeding season ranging from invertebrates
to small vertebrates like fish or amphibians (Borodulina 1960; Cramp 1985). But the species
composition and importance might differ substantially over the breeding range. In the period
1995 to 2005 studies on prey transport to the chicks have been executed in different habitats
in the Netherlands ranging from agricultural grasslands with ditches to natural marshes and
acid ponds. This gives the possibility to present data on prey taken in different habitats and
differences in prey species taken by males and females.

Methods

Black tern parents feeding their chicks in colonies transport each item separately.
This gives the opportunity to count and identify transported prey items by using binocular,
telescope or camera from a position close to the nests. It was not meant to identify the prey
items to the species level but to species groups in order to get an impression of the importance
of different groups among landscapes. In this way the following groups were identified:
fish, water beetle larvae, small water insects, amphibians (tadpoles, frogs and newts), small
terrestrial insects (e.g. hoover flies), moths, lumbricids (worms), dragonflies and damselflies.
If the prey items could not be identified they were recorded as “unknown”. If other prey items
were seen (e.g locusts) they were recorded as “other”.

Two methods were used to register prey numbers and species (Table 1). Firstly part
of a colony was monitored and prey items were registered for all arriving terns. Several
nests could be monitored at the same time per 15 minutes. Secondly one specific nest was
monitored and both parents with their food transports were registered to the exact arrival
time. Prey biomass was based on Van der Winden (2005) and expressed in dry mass. For
fish, beetle larvae and lumbricids the size was estimated according to bill length at most
study sessions. Mostly prey items are within the same size class during each session and
within each habitat type. So for this paper the prey sizes and biomass are grouped (Table 2).
This results in somewhat different size classes e.g. as fish in moors were on average larger
(> 5 cm) than in marshlands where mostly small fish were captured (3-4 cm).
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Table 1. Study time (numbers of days and total observation time per nest) in the
period 1995-2005 of Black tern transporting prey items to the chicks in three
different landscape types in the Netherlands. Presented are two recording
methods: a) colony checks (monitoring birds flying to the colony) and b) nest
checks (monitoring one individual nest).

Taonuya 1. TIpooonarcumenvrocms Hab0OeHUll (Hucio OHell u 0dujee speMaHadI00eHull / 2He300)
6 nepuoo 1995-2005 z2. 3a ueprvlmu Kpaukamu, 00CmMagIsOUWUMU KOPMOBbLE 00bEKMbL
NMeHYam 6 mpex pasiuuHblx munax aanowagmos ¢ Huoepnanoax. Ilpedcmasnernul
06a memooda pecucmpayuy OAHHLIX: @) KOHMPOIb KOTOHUL (MOHUMOPUHE RMUY,
JemAwux 6 KONOHUI0) U 6) KOHMPOIb 2He30 (MOHUMOPUHZ OO0HO20, OMOEIbHO
8bIOPAHHO20 2HEe30a).

Method Days time (min) prey items
Meton Jan BpeMst (MUH) KOPMOBBIE OOBEKTEI
Colony checks / KonrpoJb koJ10HuUI

Marsh / Husunubie 6onora 53 4,892 2,459

Agrlculturalvgrassland 46 28.695 2203

CellbCKOXO03SHCTBEHHBIE YTO/IbSI

Peat bogs / Topdsiuble 6o10Ta 1 70 120

Nest checks / KonTpoas ruesn

Marsh / Huzunnsie Gomnora 24 2,735 796

Agricultural %rassland 37 4110 2397

CenbCKOX03HCTBEHHBIC YTONBS

Peat bogs / Topdsiabie Gonora 8 785 392

Total / Beero | | 688 h/u | 8367

Table 2. Biomass (mg dry mass) in classes of dominant size class of prey items taken
by Black terns in the breeding areas in the Netherlands (Van der Winden
2005, unpubl).

Taonuya 2. buomacca (me cyxoii maccot) OOMUHUPYIOWUX PAZMEPHBIX 2DYNI KOPMOBBIX 00bEKMO8,
000bI8AEMbIX YEPHBIMU KPAUKAMU 6 Mecmax eHe30oeanusi ¢ Hudepnanoax (Van der
Winden 2005, neonybauxosannvie oannvie).

Group Moors Marsh Grasslands
['pynma Topdsiabie 6os0ora | Husuansie 6omora|  Cenbxosyrompst

Amphibian / 3emHoBozHbIE 300 230 230

Fish / Pri6or 320 95 95

Anisoptera / PasHOKpbLUI. CTPEKO3bI 100 130 130

Zygoptera / PaBHOKPBLI. CTPEKO3bI 12 12 12

Beetle larvae / Jlnannku xyxos 121 300 300

Moth / BaGouku 30 30 30

Aquatic insect / BonsHble HacekoMbie 35 35 35

Lumbricids (worms) 100 100 100

3eMiIsiHbIE YepPBU (YEPBU)

Results

Prey diversity in different landscapes

Theidentified prey items taken by Black terns differ between landscape types (Figure 2).
Based on a Pearson's Chi-squared test with simulated p-value (based on 2000 replicates) we
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found that the proportions of the number of delivered prey types were different between the
three habitats (X-squared = 4895.4, df = 24, p-value = 0.0004998 ****) (R core team 2017,
Patefield, 1981). In marshes with relative large water surface, fish dominates the menu and
in acid moors dragonflies and damselflies are the main prey items. In grassland areas small
insects are mostly fed. But the biomass transported to the chicks shows a different picture
(Figure 3). Smaller insects are less substantial than fish or beetle larvae who turn out to be
important prey as they are large and quite common.
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Legend: A little insect; B— fish; C —damselfy; D — dragonfly; E — water insect; F — worm; G— moth;
H — beetle larvae; I — amfibian.

VYenoBHble 0003HaYeHHsI: A — MeJKKe Hacekomble; B — pbiObl; C — paBHOKp. CTPEKO3bl; D — pa3HOKPBLIL. CTPEKO-
3b1; E — BogiHbIe Hacekomble; F — depBu; G — HouHble 6a00uky; H — mu4nHKY )KyKOB; | — 3¢ MHOBOIHBIEC.

Fig. 2. Identified prey items (number percentage) fed by adult Black terns to their chicks
in three different landscape types in the Netherlands (1995-2005).
Puc. 2.  Uoenmuguyuposannvie kopmosvie odvexmul (% om 0bweco ucia), KOmopvimu 83pocivle

uepHble KPAUKU KOPMAN CBOUX NMEHYO8 8 MPeX PA3HbIX munax ianowagmos ¢ Huoepnan-
dax (1995-2005 22.)

Although prey species were not identified systematically, species occurring in high
densities in peak periods and most important were the following species of species groups:

Fish: cyprinid fish (e.g. Abramis brama, Rutilus rutilus), Leucaspius delineatus and
perch (Perca fluviatilis) in marshes and grasslands and Eastern mudminnow Umbra pygmaea
in moors.

Amphibians: adults or tadpoles of Pelophylax spp. and Lissotriton vulgaris

Dragonflies: Orthetrum cancellatum or Sympetrum spp. (moors)

Damselflies: Enallagma cyathigerum, Coenagrion puella/pulchellum

Beetle larvae: Hydrophilus piceus, Dytiscus marginalis
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Moths: Autographa gamma, Noctua pronuba
Insects: hoover flies (Syrphidae)
Water insects: ¢.g Notonectidae
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Legend: A — little insect; B — fish; C — damselfy; D — dragonfly; E — water insect; F — worm;
G — moth; H — beetle larvae; I — amfibian.

VYenoBHbIe 0003HaYeHHsI: A — MeJKHue Hacekomble; B — pbiObl; C — paBHOKp. CTPEKO3bl; D — pa3HOKPBLIL. CTPEKO-
3b1; E — BosiHbIe Hacekomble; F — depBu; G — HouHble 6a00uky; H — mu4nHKY )KyKOB; | — 3¢ MHOBOJIHBIE.

Fig. 3. Identified prey items (biomass percentage) fed by adult Black terns to their chicks
in three different landscape types in the Netherlands (1995-2005). Grasslands
n=4033 items, moors = 452 items and marsh = 2899 items.

Puc. 3.  Uoenmuguyuposannvie xopmosvie obvexkmor (% om obwell Ouomaccwvl), KOmopvimu
63DOCIIbIE UEPHBLE KPAUKU KOPMAM CE0UX NMEHY08 8 MpeX PA3HbIX MUnax 1aHowmapmos
6 Hudepnanoax (1995-2005 cz.). Cenvxosyeoobs n= 4033 dK3. Kopmo8blX 00beKmos,
mopghanvie boroma = 452 2x3., nusunneie 6onoma = 2899 sxks3.

Sex-biased prey transports

Male and female terns both feed their chicks. For 1882 identified prey items (688 h
observation time) the adult bird could be sexed (955 male prey items and 927 female prey
items). We have performed an exact binomial test, available in base R (R Core Team 2017),
which performs an exact test of a simple null hypothesis about the probability of success in
a Bernoulli experiment (cf. Clopper & Pearson 1934). We tested whether the number of prey
items delivered by the two sexes significantly converted from a proportion of 0.5 (Figure 4).
It turned out that males tend to take more prey from the water surface such as fish and
water beetle larvae while females take more (flying) insects (Figure 4). Expressed in terms of
biomass it is clear the terns depend on a few important species groups such als fish, dragonfly
and beetle larvae (Figure 5).
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female male
1 C
A —little insect; B — fish; C — damselfy; D — dragonfly; E — water insect; F — unknown; G — worm;
H — moth; I — beetle larvae; J — amfibian.

A — menkue Hacekomble; B — peiObl; C — paBHOKD. cTpeko3bl; D — pa3HOKpBLI. CTPeKo3bl; E — BOJHbBIC HACCKOMBIC;
F — nemssecrnbie; G — yepBu; H — HO4YHBbIC 0a004KH; | — TMUMHKY KYKOB; J — 36 MHOBOJIHBIC.

Fig. 4.  Percentage of prey items transported to Black tern chicks by males and females
(n= 688 h) in the Netherlands in three habitat types.

Puc. 4.  [lpoyenm xropmogvix 00vekmog (om 00we2o0 uucia), Komopvie HNPUHOCAM CEOUM
NMeHYam camysbl U CAMKU YepHuIX Kpadek (n= 688 u) ¢ Hudepnandax é mpex munax
Mecmoodumanuil.

The feeding intervals are rather comparable between male ( mean 5.6 minutes) and
females (4.7 minutes) (Figure 6).

Discussion and conclusions

Black terns feed their chicks in the Netherlands with a variety of prey items. However,
fish, dragonflies and beetle larvae are important especially in terms of biomass in habitats
where Black terns are most common (eutrophic marsh and agricultural grasslands). But
different habitats provide different prey diversity and the terns are adapted to this accordingly.
It is likely the food availability also differs between days and even within days. Beetle
larvae are especially important in agricultural areas and in shallow marshes as they are most
abundant in shallows with hardly any predatory fish. Beetle larvae are large prey interesting
from an energetic point of view to search for as the biomass ranges from 120 to almost
500 mg (dry mass).
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I:l female male

CaMKH caMIbl
A —little insect; B — fish; C — damselfy; D — dragonfly; E — water insect; F — unknown; G — worm;
H — moth; I — beetle larvae; J — amfibian.

A — Menkue HacekoMbie; B — pbi0br; C — paBHOKp. cTpeko3bl; D — pasHOKPBUI. CTpeKo3bl; E — BOMHbIC HACCKOMBIE;
F — nemssecrubie; G — yepBu; H — HOouHbIC 0a004Ky; | — TMUMHKY KYKOB; ] — 3¢ MHOBOIHBIC.

Fig. 5. Percentage of prey item biomass transported to Black tern chicks by males and
females (n= 688 h) in the Netherlands in three habitat types.
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Males bring on average more aquatic prey to the chicks, such as fish and beetle
larvae, while females bring more terrestrial insects (mostly imago diptera). Males are slightly
larger than females with larger bills (Cramp 1985) and therefore probably better specialized
in catching fish. The males need more time to find and transport the prey to the chicks.
As they take more aquatic prey the biomass transported to the chicks is higher for males
(9.5 mg/minute) than for females (5.5 mg/min). This is in conjunction with feeding habits
of Whiskered terns (C. hybrida) (Gwiazda & Ledwon 2016) where the males also transport
larger prey. Generally females stay closer to the nest and may therefore choose to focus on
finding small prey in the vicinity. This allows males to disperse over a larger area trying to
catch fish. This takes more time to find them but the supplied biomass and diversity (e.g.
calcium supply) is beneficial for the chicks.
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