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PRFF/\CE 

iiformcs, Sternidae) are a 

group of b.i.rd:; \vhicb f:'ec~d on L1sh 1 crustacea o-,· c_;cpicl which capttne 

by diving. In contrast_, the Black-fronted 'Tern is an inland species 

whof3e diet: consist~; mai11ly of insects captured in the air or from t:he 

surface of running water. It is the only aerial feeding bixd in New 

Zealand utilizing this food source, and styles of foraging and prey 

capture differ from methods used by other terns. Fluctuating 

availability and relatively small size of prey species have had an impact 

on this tern's foraging strategy and reproduction. 

I am indebted to Dr K. V\7. Westerskov, my supervisor for his valued 

guidance; Dr S.F. Mitchell for his advice and criticism; Sharyn Gavin 

for her typing expertise; and Hr J. Stuart for photographing graphs. 

For identification of prey species I thank Drs A.C. Harris, M.J. 

Winterbourn and D. Towns (insects); J.B. Jillett (crustacea); and 

D. Scott (freshwater fish) . Study skins were obtained from the museums 

of New Zealand with the assistance of Mr J.T. Darby, Assistant Director 

of Otago Museum. Bill Tubman and Tim Duval-Smith, cre.-r aboard 

R.V. Munida~ patiently tolerated my seasickness and Jack Jenkins 

helped obtain plankton samples. Thanks also go to the Rangers, especially 

Martin Heine, and alpine guides at Mt Cook National Park whose 

encouragement and hospitality blunted the force of disconcerting 

blizzards. I am grateful to the South Canterbury Acclimatisation 
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'J.'his study invcs·tigater; the relatiorwhip bet.wnen feeding behaviour 

of an avian predator, the Bla.ck-f:r.·onted Tern, Cht,idom:as hybrida 

aZbosty•{atus (Gray 1845), and the abundance of its prey. Emphasis is 

placed on predator response t.o seasona.l and daily v<J.riations in food 

supply. During spring and summer the terns arc mainly insectivorous, 

feeding in swallow-like fashion on emerging aquatic insects on or above 

the surface of shingle-bed rivers and streams. 

Black-fronted 'l'erns were found appropriate for examining a 

relationship between predator feeding and prey abundance because foraging 

was often restricted to one habitat with prey which underwent la.rge 

diurnal fluctuations in availability. The diet of a predator becomes 

specialized with respect to prey selection when food is abundant (Emlen, 

1966, 1968). Therefore, if a preferred prey species is abundant, the 

interpretation of prey selection is simplified: the foraging strategy 

for a specialized diet becomes stereotyped (Gibb, 1958; Baker, 1974). 

Holling (1959) investigated predation on cocooned sawflies by small 

mammals and found that in this simplified case predation was affected 

by only two variables, densities of both predator and prey. He was 

able to describe the functional response (feeding rate) and numerical 

response (number) of predators to changes in prey density. Responses 

of Black-fronted Terns to changes in aquatic insect abundance were 

described in the same way. 

1. 



2. t.'JE'J'HODS 

(Fig. J): 

'l'asman Vulley 

The Ta:~man River originates at the Tasman Glacier terminus and 

follows a braided course through the gravel filled Tasman Valley before 

emptying into Lake Pukaki. 'l'he riverbed is unstable and t.he shingle 

between the braids is bare except for some mat plants (described by 

Fisher, 19G9). Most braids have a milky appearance caused by 

suspended glacial silt and they seem devoid of life (Fig. 2). Blue 

Stream originates between the base of the Mount Cook Range and the 

lateral moraine of the Tasman Glacier. The stream is 6.5 km long 

and has a stable course. Water level is usually lowest in .2\ugust and 

September and highest in March and April (M. Heine, pers. comm.). In 

March, when the level rises rapidly, the stream has a milky appearance 

but at other times of year the water is clear. 

Observa·tions along the Tasman River were made between April 1975 and 

February 1976 and were generally restricted to the vicinity of Lagoon 

and Birch Hill Streams (Fig. 3). Drainage from the surrounding mountains 

makes the water in the outermost river braids clear from this area to the 

mouth. A series of vertical steel girders joined by netting have been 

constructed on the shingle--bed near the mouth of Lagoon Stream to prevent 

erosion. These have created a series of pools up to two metres deep 

along approximately 100 metres of the Tasman River outermost braid. 

Observations at Blue Stream were made bet'.veen January 1975 and February 

1976. Study sites mapped in Figure 3 are illustrated in Figure 4. 

2. 
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Fis1ure 1: 111t\P OF NE\tJ ZEALAND SHOVJJNG STUDY SITFS /\ND BL/\CK··FRONTED 

TEHN DISH{ll3UllON 

Mo:::i: terns are within their bn:eding rcmge from huqust until December. 

Host disperse to river mouths and ha.:r.bours during Decernbe:c and January. 

{Occasional records for the west coast of the South Island are not shown) . 

S'l'UDY SI'l'ES 

A: Tasman Valley 

B: Ohau River 

C: Ahuriri River 

D: Waitaki River mouth 

E: Otago Harbour 

Tern distribution taken from Ornithological Society of New Zealand (OSNZ) 

Records and Oliver (1955). 



Figure 2: THE TASMAN VALLEY 

Alt itude 720 m 

View north from Tasman River at Birch Hill Stream; September 1975 . 

The Tasman Glacier is in the centre of the photograph. 

Mountains: centre: Main Divide of Southern Alps (Minare t s 3080 m) 

left 

ri~ht 

Mount Cook range (Mount Cook 3800 m) 

Lieb i g Range (foreground) and 

Malte Brun Range (background ) . 

The Blue Stream runs along the base of the Mount Cook Range in 

the Tasman Val ley. 

4. 
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LL.r~:::,_j 

!:·· .... ::1 
t.~~(:~::.~::J 

MlW OF THE T/\Sf'1AN V/\LLEY SHOVJJNG STUDY SITES 

mountains 

bare shingle 

(excluding glaciers) relatively flat land covered in 

tussock and matagouri 

STUDY SITES ALONG BLUE STREAN 

f.... near Blue Lakes 

8 walkbridge 

C roadb:ddge 

m site of Black-fronted Tern nests 

Only streams relevant to this study are shown. 
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Figure 4: STUDY SITES ALONG THE BLUE STREAM 

(a) STUDY SITE A: NEAR BLUE LAKES 

Stream disco loured and at a high level ; March 1975. 

Tussock and Matagouri, Discaria toumatou , ove rha ng stream edge. 

February 1976 : 

stream width 1 - 3 m 

maximum velocity 0.8 - 1.0 m/sec 

maximum d epth 0.3 - 0.4 m 

substrate : bare shingle 

Contd/ .. . 

6. 
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Figure 4: STUDY SITES ALONG THE BLUE STREAM 

(b) STUDY SITE B: WALKBRIDGE 

A family of Paradise Duck, Tadorna variegata~ feeding 20 m up stre am 

of walkbridge ; J a nuary 1976 . 

December 1975 - February 1976: 

stream width 6-12 m 

maximum v e locity 0.3- 0 . 6 m/sec 

maximum depth l-2 m 

7. 

substrate: glacial silt and a dense growth of waterweed, Myriophyllum sp . 

The wooden walkbridge, constructed for pedestrian use, is approximately 

lm wide and Sm long. The top of the bridge averages 0 . 3m above the 

stream surface. 

Contd/ . . . 



Figure 4: STUDY SITES ALONG THE BLUE STREAM 

(c) STUDY SITE C: ROADBRIDGE 

Tern feeding site and resting place, 100 m downstr e am from roadbridge; 

J anuary 1976. 

8 . 

December 1975 ·-February 1976 (roadbridge- lOOm downstream): 

stream wi dth 2 - 6 m 

maximlli~ velocity 0. 8 - 1.1 m/sec 

maximum depth 0 . 3 - 0 . 5 m 

substrate: bare shingle . 

The roadbridge is part of the Ball Hut Road. 



1\huriri and Ohau Eivcrs 

These rivers, part of the Waitaki River catchment, follow braided 

courses through broad shingle riverbeds and drain into Lake Benmore. 

The riverbeds are unstable and subject to sporadic flooding which 

often alters river courses. Vegetation of shingle-bed rivers is 

described by Fisher (1969); invertebrate fauna by Percival (1932), 

Wisely (1962) and Stout (1969); fish by Burnet et aZ. (1969) and birds 

by Soper (1959). 

Terns along the Ahuriri River were studied from the bridge 

(National State Highway 8) to the mouth (8 km) bet.ween clanuary 1975 

and January 1976 (Fig. 5). This length of riverbed was walked twice 

in October and November 1975 to find all tern colonies. Feeding of 

terns was recorded from two regions of river near the bridge (Fig. 6) 

and near the rivermouth. Observations along the Ohau River between 

the bridge (National State Highway 8) and the mouth (12 km) were 

restricted to January and February 1975 with an extra day in June 

1975. 

Otago Harbour and Waitaki River mouth 

Hydrology of Otago Harbour has been described by Slinn (1968). The 

harbour is shallow except for the shipping channel and subject to strong 

tidal currents. Large areas of inter-tidal sand flats are exposed at 

low tide but only the sand bars at Aramoana remain at high tide (Hamel 

and Barr, 1974). Terns were observed in the harbour for 19 days 

during June and July 1975 with an additional three days at sea on 

R. v. Munida. 

9. 
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~~ + 1 l km , 

Figure 5: MAP OF THE LOWER REACHES OF THE AHURIRI RIVER 

KEY 

~ hills and mountains 

shingle-bed 

- ...... .....,. major roads 

~ tern colony 

){ places where records of tern feeding were taken 



Figur-e 6: THE AHURIRI RIVER 

Altitude 400rn. 

View east from feeding site 200 m•downstream from bridge (National 

State Highway 8); September 1975 (terns in large numbers). Benrnore 

Range visible behind Chain Hills. 

11. 



At the vvai taki River mouth, bruids convGrge into a single channel 

100-150 m wide which runs parallel to the coastJ.ine behind a shingle 

bar appt·oxirrntely 1. S km long, before emptying int:o the Pacific Ocean. 

This site was chosen as a winter study area in addition to Otago 

Harbour because the surrounding region offered a more diverse variety 

of tern foraging habitat:s: open sea, surf, river and farmed pastures. 

Nwnbers roosting on shingle islands in the channel were watched~.by 

telescope from the shingle bar. Observations were made on five days in 

June and July 1975. 

Methods used in the study of terns 

Birds were observed with the naked eye, 400mm camera telephoto 

lens or x25-80 telescope. A large hide (area 1 x 2, height 1.5 m) 

suitable for overnight accommodation was constructed and used at 

roosting sites and colonies. Approximately 2000 35mm black-and-white 

photographs were taken through 55mm, 100-200mm zoom or 400mm lenses. 

Four rolls (140m) of 16mm cine film were taken of flying terns from 

which flapping rates and flight speeds were calculated (32 .E.p.s. 

through lOmm, 25mm or 80mm lenses). 

Foraging terns could usually be approached within 5-10 m without 

disturbance so feeding rates could be observed with the naked eye. 

Identification of large prey items (fish, skinks and earthworms) was 

possible because they were visible in the bill before being swallowed 

or fed to chicks. •rhe length of captured large prey was estimated 

in the field by comparison with known tern dimensions: bill length = 

25mm; head width = 30nun; length of black cap = 45mm. Checks against 

photographs indicated that prey lengths could be measured with an 

accuracy of + 5 mm. Although small prey items (i.e. most insect species) 

12. 



were twually not secn 1 both because of t.heir size and the fact that 

they were immediately swallmv-cd, error::; in U·w recording of feeding 

rates were minimal. 

'.i'ern feeding rates on insects were recon1cd into nurnber of feeds 

per minute which were subdivided into the various styles of prey 

capture. A new individual wa~' selected every five minutes if more 

than or1e tern was foraging at the site of observation. Feeding rates 

were placed into half hour intervals through the day, each containing 

an average of 20 one minute records, from which mean feeding rates 

were calculated. Errors shown around means of feeding rates plotted 

onto graphs represent standard errors. 

Small potential prey species were identified by experiment. At. 

the roadbridge, Blue Stream, it was possible to introduce invertebrates 

onto the stream surface without disturbing feeding terns. If a preferred 

prey species was introduced in this manner, an increase in tern feeding 

rate would be expected. Experiments were carried out during January 

1975 on wet afternoons when feeding rate was relatively low (less than 

five feeds per minute) and only one tern was present feeding at the 

roadbridge. An increase in tern feeding rate was more likely to be 

registered under such conditions than on fine days when the feeding rate 

was relatively high. 

The method used to determine species (including different life cycle 

stages) taken by terns is outlined below: 

(l) Tern feeding rate at the roadbridge was recorded for five 

minutes before introduction of possible prey species. 

(2) A container with a known number of a possible prey species 

and a cork was emptied slightly upstream, onto the region 

of highest current velocity, 

13. 



(3) Feeding rate was recorded until the cork (indicating the 

posit ion of the sample) passed out~ of the tern feeding 

region of stream. 

(4) Feeding rate of the tern was recorded for a further five minutes. 

(5) Feeding rates from (1) and (4) were averaged then compared with 

(3) to find if feeding rate increased when the possible prey 

species was introduced. IZesults were apparent without the use 

of statistical tests. 

A tern colony along the Ahuriri River was st:udied in detail 

(Fig. 5). Spatial arrangement of nests was determined by use of a rope 

marked at metre in·cervals and a compass. F.ach nest was nurnbered and 

its position referenced with respect to at least two others. Mount 

Cook National Park Rangers regularly inspected the upper Tasman Valley 

between September and December 1975, so all nests in this area were 

probably found (Fig. 3). 

Information on plumage and moult is based on field observations 

and the inspection of 39 museum study skins whose month of collection 

was known. Close inspection of body moult was not possible during 

field observations, so most descriptions are restricted to head, 

remiges and retrices. 

Air temperatures, wind velocities, sunlight hours and precipitation 

were ·taken from daily records supplied by the New Zealand Meterological 

Service for The Hermitage, Mt Cook (for Blue Stream) and Tara Hills, 

Omarama (for the Ahuriri River). Instantaneous wind velocities were 

recorded from a hand-held anemometer. Days \vere classified with 

respect to weather conditions. The four most corrunonly used categories 

are: 

Fine days: continuous sunshine (included days wi·th early morning fog 

14. 
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lifting by 1000 hours) . 

Ovcrca:c;t days: no precipitation or sunshine. 

Days with continuous rain: persist.ent rain, sleet or snow. 

Wet days: some precipitation but no sunshine. 

Mei:hods used to 

on Blue Stream 

Three sampling methods were used to quantify diurnal, daily and 

seasonal variations in abundance of surface fauna on Blue Stream. 

An emergence trap similar to that used by Sprules (1947) was 

constructed: a welded angle iron frame (30 x 30 x 5 mm) surrounded 

by brass mesh ( 1. 4 nun aperture) with a gal vanised iron top. The open 

2 bottom covered 0.5 m of stream substrate (1.0 x 0.5 m, with height 0. 75 m). 

Up to 20 kg of stones were placed on the top to prevent movement by water 

or tipping by wind. The trap was always placed on bare shingle at least 

lm from the stream edge in a current velocity of 0.5 - 1.0 m/s in 

order to minimize variability. It was set at one site for 24 hours then 

emptied, scrubbed clean and moved at 1900 hours for 31 days near the 

roadbridge (17/12/75- 13/2/76). 

Two drift samplers of a design similar to that of Cushing (1964) 

but with a mouth 150mm wide were constructed (Fig. 7). The 1.4 mm 

nylon mesh was terminated by a plastic collecting jar (Mundie, 1964) 

which was unscrewed and replaced with another between samples. Drift 

samplers were set in a fast current with the base of the mouth submerged 

20-30nun. Aquatic beetle larvae (Parnidae), Chironomidae and other 

small dipterans could escape through the mesh but all larger invertebrates 

were secured. Current velocity was calculated from the time taken for 

a cork on the surface to travel one metre (Allen, 1951). Insect 



Figure 7: SURFACE DRIFT SAMPLERS 

Ahuriri River; January 1976. 

The net was shaken to dislodge clinging insects before the 

collecting jar at the end of the net was removed. 

16. 



17. 

2 .. abundance was expressed as number per 100 m of stre;:un surface which 

involved a divj.sion of numbers caughi: per hourly [;ample by between 

two and four. 

One drift sampler waE; empt:ied hourly between 0800 and 1900 hours 

giving 11 samples per day and the oi:her, sit:uated at~ a different sit:e, 

emptied once. Hourly samples were taken on 27 days: 

20 days at roadbridge: 30/12/75 - 13/2/76 

4 days near Blue Lakes: 14-17/ 2/76 

3 days at walkbridge: 29/12/75 - 18/2/76. 

All large invertebrates on or within 40 mm of the stream surface 

were captm~ed 1t1ith a long-handled net by walking back and forth along 

the walkbridge. '!'he rear of the net was kept submerged which prevented 

emergence of aquatic insect nymphs. This method was used on 13 days 

between January 1975 and February 1976 to secure the complete surface 

drift for one 30 minute interval per hour beginning at 0800 hours and 

finishing at 1830 hours, a total of 11 samples per day. 

Insects were preserved in 70% alcohol and their dry weight (Allen, 

1951) calculated from the mean of 20 samples each containing 10-20 

individuals. The genus DeZeatidium (Ephemeroptera) has been revised 

by Towns (1976) who classified unnamed species alphabetically. 

DeZ.eatidium SflE in this classification was investigated to determine 

possible differences in dry weight of individuals in the surface drift 

with respect to sex, stage in life cycle, time of day and time of year. 



3. 'I'ERN GENERAL BIOLOGY li.ND BEHAVIOUH 

The marsh terns, ChZidonias (3 spp.), are a cosmopolitan genus 

associated with inland freshwaters. Diagnostic features are deeply 

incised webbing beh1een i:oes and an only sligh·tly forked tail which is 

less than half the wing length (Withex:by et al., 1941). 'I'he Whiskered 

Tern, C. hyhr·ida., is larger than the other two members of its genus: 

White-winged Black Tern, C. Zeucoptm'a and Black Tern, C. nige1o. 'rhe 

Black-fronted Tern is classified as a C. hyb1'ida subspecies (status 

discussed by Sibson, 1948) and has the longest body and tail and the 

shortest bill and tarsus in the subspecies for which measurements are 

available (Table 1) . 

Palmer (1940) found that flight and walking capabilities for three 

tern species of comparable size increased with wing and tarsal lengths, 

respectively, and were inversely related. The most aerial ~>pecies had 

the longest wings but was the least capable of terrestrial locomotion 

because it had the shortest legs. 'I'he ratio of Black-fronted Tern tarsus 

to wing length (= 0.07) is less than the equivalent ratio for the other 

two C. hyhrida subspecies (= 0.10) and so it is probably the least mobile 

on land. 

An indication of prey size may be obtained by the comparison of bill 

lengths from birds of comparable size. The force which can be applied 

at the bill tip is inversely related to its length (Ashmole and Ashmo1e, 

1967) but speed of bill tip movement is directly related to its length 

(Beecher, 1962). The !lack-fronted Tern has a shorter bill than either 

the European or Australian subspecies, and may therefore be capable of 

capturing larger prey at the expense of smaller, more agile prey. 
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Table 1: EVIDENCE OF SIZE DIFFERENCES BETWEEN THREE CHLIDONIAS HYBRIDA SUBSPECIES INDICATED BY VARIOUS MEt'\SUREMENTS 

Lengths in millimetres: mean (if known); range in brackets 

C.h. aZbostriatus (New Zealand) 
* this study (museum study skins) 

Oliver (1955) 

C.h. hybrida (Europe) 
Witherby et aZ. (1941) 

C. h. fZuviatiZis (Australia) 
Serventy et aZ. (1971) 

BILL WING TAIL 

25.5 (23. 5-28. 2) 244 (230-257) 

(25-28) (240-260) (107-115) 

,> (30-34) (230-250) (83-90) 

29.0 (25. 3-32. 3) 222 (208-231) 71 (70-82) 

TARSUS 

(15-17) 

(22-25) 

21 (19-23) 

* See Table 2 for number of birds measured. Result for body length calculated from fresh lengths 
given with five study skins. 

BODY 

290 (285-300) 

250 

(240-265) 

1-' 
'-!) 



No sexual dimorpl1isrn in size or plumage was apparcn'c in Black-

f:ronted Terrw. Hale and female hill and wing lcngt:hs, respecUvely 

(Table 2), were practically identical and neither bill width (t-test: 

v 18; t- 1.44; p < 0.2) nor bill thickness (t-test: v = 17; 

t = 1.06; p >0.2) were significantly different. Sexes of the European 

subspecic:s are distinguishable by bill size (Williamson, 1960) . The 

male bill has a more pronounced gonys and is longer (29-34 mm) than 

the female bill (25-27 mm). 

'I'hirteen bill lengths (mean = 25 .l mm) and 14 wing lengths (mean 

231 mrn) were taken from museum study skins of fledged Black--fronted 

20. 

Terns less than one year old. These birds had a wing length significantly 

less than that of adults (t-test: v = 39; t =5.42; p <0.001) but a 

similar bill length (t-test: v = 42; t = 1.19; p > 0.2). 

Plumage and moult 

Marsh terns are aerial feeders with a predominantly grey or black 

smnmer plumage. Lack (1971) compared their feeding habits. Whiskered 

Terns fed on small animals, usually insects, caught on ·the water surface. 

White-winged Black Terns fed on insects, especially dragonflies, caught 

on the wing. Black •rerns fed in both ways. Si:rnmons ( 197 2) suggested 

that their dark plumage was an adaptation to their feeding style 

because it provided hunting camouflage during both air-to-surface and 

air-to-air encounters between terns and their prey. 

The annual durations of adult Black-fronted Tern su:rnmer (= breeding) 

and winter (= non-breeding) plumages was defined by the colour of the 

head feathers. The occurrence of these plumages was not synonymous 

with the seasons after which they were named. Adults in summer plumage 

had a black cap approximat.ely 70 nun long which extended from the bill 



Table 2: BILL AND WING LENGTH MEASUREMENTS FROM ADULT BLACK-FRONTED TERNS 

Measurements in millimetres from museum study skins. 

number mean •anqe 

BILL LENGTH MALE 10 25.4 24.6 - 26.5 

FEMALE 13 25.5 23.5 - 27.1 

*TOTAL 31 25.5 23.5 - 28.2 

BILL WIDTH HALE 9 6.4 5.0 - 7.5 
FEr-'JALE 11 6.0 5.3 - 6.5 

BILL 'rHICKNESS MALE 8 7.2 6.2 - 8.2 
FEl'".tALE 11 7.0 6.4 - 7.5 

WING LENGTH MALE 10 244 230 - 257 
FEMP.LE 11 ~' 244 235 - 251 

*TOTAL 27 244 230 - 257 

Bill length: Tip to feathers 

Bill width: Horizontal measurement at feathers 

Bill thickness: Vertical measurement at feathers 

Wing length: Length of flattened wing (with natural horizontal curvature) from carpal 

joint to tip of longest primary (excludes specimens which exhibited wing 

moult). 

*TOTAL male + female + unsexed adults 

standard deviation 

n -.. ) ... I 

1.2 
l.O 

0.8 
0.4 

0.6 
0.4 

8.6 
5.0 
6.9 

(\..) 

1-' 



to the nape and surrounded the eye. These black feathers were lost 

during t.he post-nuptial maul t. and replaced by pale grey feathers which 

first appeared at the base of the upper mandible. The adult head in 

winter plumage was pale grey with patches of black feathers around the 

eyes and base of the nape. All adults were in summer plumage from the 

beginning of June until late-November. Most commenced post-nuptial head 

moult between mid-Decerooer and mid-January and so were in summer plumage 

for approximately half the year. They were in winter plumage from early 

February until late April, a period of only two t.o three months. 

The black cap of the summer plumage may have enhanced a tern's 

ability to locate and capture prey. Ficken (1971) considered the 

possibility of head markings as aids to prey capture. Dark patches 

around the eyes reduced glare when birds foraged over a reflective 

surface such as water. A horizontal line leading forward from the eye 

(equivalent to the base of the black cap in Black-fronted Terns) served 

as an aiming sight between eye and bill tip. In addition, von Frisch 

(1973) suggested that eye masks enhanced camouflage because they prevent 

the eyes from appearing as isolated objects. It may therefore have been 

advantageous for terns to spend as brief a time as possible in winter 

plumage which had no distinct head cap. 

Three age groups of fledged Black-fronted Terns were distinguished 

by plumage differences. The young flew during December and January and 

were in juvenile plumage until March. Speckled back feathers were lost 

during March, and by April the back was a uniform grey similar to that 

of adults. A post-juvenile head moult began in March or April and was 

completed by June or July. Irnmatures began a moult in March of their 

second year into the adult summer plumage. (Although the beginning of 

this moult. was observed, no obvious distinction could be made between 

adults and i~natures in their second year after March because the bill 

colour of the irnrnatures chanqed from dark brown/black to the adult bright 

22. 
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orange). 

Adult moult of remiges and retrices began in January and was 

completed by early May, a period which coincided with the post-nuptial 

head moult. Small feathers found at resting and roosting sit.es during 

these months (1975·-1976) indicated that a body moult also took place. 

From these observations it was deduced that adult Black-fronted Terns 

underwent only one complete annual moult: the po~>t-nuptial raoul t from 

December until May. A single annual complete moult is atypical amongst 

terns. Most species, including C. h. hybrida, undergo tv10 complete annual 

moults. 'l'he juvenile remiges and ret.rices were retained until March 

of the second year and so were 14-15 months old at the time of x:eplacement. 

Seaso~al migrations 

Black-fx:onted 'I'ex:ns breed along the shingle-bed rivers of the South 

Island of New Zealand east of the Southern Alps (Stead, 1932; Oliver, 1955). 

In common with many waders which inhabit inland watex:s of the South Island, 

the Black-fronted Tern is migx:ant within New Zealand. After the completion 

of breeding, most tex:ns disperse to coastal x:egions including the North 

Island (Wodzicki, 1946; Sladden, 1953; Oliver, 1955). Distribution is shown 

in Figux:e 1. 

Black-fronted Terns returned to the upper Teaches of the Waitaki 

River system from their: wintering grounds during August. Numbers seen 

along the Ahuriri River between the bridge and the mouth x:eached an annual 

peak of 200-300 in late September (1975), x:emained constant through Octobex: 

and November (the incubation period) then declined to 50-65 (including 6-·7 

juveniles) during late December and Januax:y (1975-1976). Most terns had 

left ·the ax:ea by late March. Equivalent numbers along the Ohau River 

between the bridge and the mouth were 100-150 and 35-40 (including four 



juveniles) re>;pectively. A smalJ number (3-8, including at least: one 

juvenile along t.he Ohau Hiver) were seen at each site through the per:iod 

April - July (1975) so some terns over-wintered in the region. Migration of 

Black--fronted 'rer:ns to and from Cent:ral Otago (a J:(;gion further south than 

the vJaitaki River) occurred during the same months as outlined above but 

no over-wintering was recorded (Child, 1970). 

Seasonal fluctuations of tern numbers in the upper reaches of the 

'I'asman Valley differed from the Ahuriri and Ohau Rivers. Terns did not 

arrive in relatively large numbers until late September and reached an 

annual peak during March (Table 3). 

Numbers in 1.:he Tasman Valley therefore increased during the months 

(December - Narch) that they decreased•along the Ahuriri and Ohau Rivers. 

Although this influx was not large, it indicated that not all terns which 

left the lower alti·tude rivers immediately migrated to coastal regions. 

Black-fronted Terns were present in coastal regions, particularly 

river mouths, estuaries and harbours from January until the end of July 

with occasional sightings in December but few in August (OSNZ Records). 

Records of tern numbers at coastal sites showed relatively great 

fluctuations over brief periods (e.g. Hamel and Barr, 1974). However, 

most records were of number seen resting and these numbers vary with time 

of day, weather conditions and tide (from observations at Aramoana and 

Waitaki River mouth). Sibson (1948) suggested that some terns may spend 

their first summer north of the breeding grounds but this suggestion was 

based on one record of a juvenile seen near Auckland in November. First 

summer terns were relatively common at inland study sites at this time so 

the possibility that a sizeable fraction of this age group remained in the 

North Island seems unlikely. 
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Table 3: NUMBER OF TERNS IN THE UPPER TPSMAN VALLEY 

Approximate number of terns seen at Blue Stream and/ol· 

•rasman P.iver at Lagoon Stream in 1975. 

(H) relevant records by M. Heine (pers. comm.}. 

MONTH DATE NUMBER 

------------
JUNE and JULY 

AUGUS'l' 

SEPTEMBER 

OCTOBER-NOVEMBER 

DECEMBER-FEBRUARY* 

MARCH 

APRIL 

.HhY 

19 

30 

8-9 

16(H) 

23-25 

30(H) 

7(H) 

12-13 

~. 

0 

0 

4 

4 

6 

::e20 

22 

20-25 

25-35 

35-50 

5-10 

8 

5 

* results for both 1975 and 1976 (similar both years) 

(but 

(none 

"'-70 18.12.75) 

16-17.6.75) 

Terns \•7ere present in relatively large numbers from late September 

until t.he end of March. 
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The migration fx_-om coastal regions to the rivers wa.s more synchronized 

throughout the tern populaLLon than the rever:~;e movement after breeding. 

They left the coast during August but the timing of their return was 

more s·taggered and extended from December to March, April and possibly 

May. 

Aerial displays of seven tern species have been reviewed by Cullen 

(1960). Social flight behaviour of the Black-fronted Tern most 

resembles that of other ChZidonias species: Whiskered Tern(Swift, 1960) 

and Black Tern (Cuthbert, 1954; Baggerman et aZ., 1956). Notation 

formulated by Baggerman et al. is used in this study. 

Resting terns often rose silently together and rapidly flew in a 

tight group in a low altitude flight, a "swerve-flight", characterized 

by rapid and erratic changes in direction. The group was joined by 

terns foraging nearby and disbanded after approximately one minute 

(range: 20-100 seconds) when most terns resumed feeding. The interval 

between swerve-flights was highly irregular (10-120 minutes) but averaged 

two per hour. They were seen throughout the year at study sites where 

terns rested or foraged in large numbers. At Blue Stream, a region 

where terns did not roost overnight, swerve-flights after 1500 hours 

appeared to act as a stimulus for departure from the area. Swerve

flights of Chl-idonias species correspond to the "panics" of gulls and 

other terns. Panics are social flights in which the birds in a breeding 

colony rise silently together without any apparent stimulus and fly in a 

dense flock for a brief period. 

"High-flights" were initiated after approximately one-third of 

observed swerve-flights throughout the year. Terns began a spiral 

ascent instead of returning to ground level and then glided in a 
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horizontal circle for 5-25 minutes at an altitude of 50-150 m. A high 

flight involved a cessation of feeding and so may have been an alternative 

to resting on the ground a~; a p2riod of rel.a.tive. inacU vi ty. 'rhe tj rne 

spent gliding involved little energy expendit:u1.~e compared to normal 

flight. High-flights of other tern species are restricted to the 

pre-incubation period and involved with partner selection (Baggerman 

et aZ. _, 1956). 

Black Terns reacted to a bird of prey by all ascending while calling 

(Baggerman et aZ. _, 1956). This group flight, a "whirl-flight" was not 

restricted to the breeding period. Whirl-flights by Black-fronted Terns 

were seen only at coastal study sites. The presence of a flying Harrier, 

Circus approximans_, usually raised all resting birds >vhich then circled 

until the Harrier had flown out of the area. Attacks by Black-fronted 

Terns against possible predators were restricted to the vicinity of a 

colony during the breeding period and the appearance of a Harrier near 

resting or foraging generally did not disrupt their activity. 

"Fish-flight.s" are ritualized tern aerial displays normally restricted 

to the pre-incubation period and probably involved with sex recognition 

(Cullen, 1960). Both bullies, Gobiomorphus spp., and trout,Salmo spp., 

were recognised in the bills of Black-fronted Terns during fish-flights 
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but all other large prey items except cicadas were also used and are 

presented in order of decreasing importance: skinks, earthworms, damselflies, 

with a weta and a large spider seen once each. Two types of fish-flight 

were seen (Fig. 8). The "low-flight", an aerial display by an unmated 

rnale to attract a female, was seen between October and January but has 

not been recorded for other Chlidonias species. Fish-flights involving 

two or more birds resembled an "aerial glide", a term used by Palmer 

(1940) for the aerial display of Common Terns, Sterna hirundo_, 

after pair-bonds were established. 



Figure 8: FISII-·FLIGHTS. 

(a) AElUAL GLIDE 

Ahuri:d. Hiver, November 1975. 

The tern holding the fish has adopted the aerial bent posture 

(head bent, wings in V-position) and the other the straight posture 

(head straight, wings horizontal). Together they glide horizontally 

with wings fixed in these positions for 2-5 seconds. The same 

ceremony often occurred without a prey item. 

(b) LOW-FLIGHT 

Ahuriri River, October 1975. 

This diplay is essentially an aerial glide made by a solo tern 

which has adopted the bent posture while holding a fish. The tern 

emits fish-calls and makes a slow low altitude pass over a nesting 

place. Wings are held in the V-position and the tern either glides 

or beats the wings rapidly but with small amplitude. The tail is 

spread (possibly to prevent stalling at low speed). A tern on the 

ground will often respond by posturing and emitting a begging call 

(at right in photograph), and may take off to follow the other tern. 

Aerial glides often result from this display. 
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Black-front~d Tern aerial glides were seen from the beginning of 

July (Ot.ago Harbour) until mid·-January (Ahuriri and Ohau Rivers) and 

were most con1ruon during October and November, the egg-layin9 period, 

and so ;;panned the pe1:iod when terns were in sul1ll-ner plumage. 'I'hey 

probably played an important role in courtship and pair-bond maint:ena.nce 

which began at winter quarters before t.he return to the breeding range. 

'!'heir frequency decreased after November and the last aerial glides 

of the breeding period coincided with the completion of parental 

feeding of juveniles. 

Reproduction 

Stead (1932) and Soper (1972) reported that terns congregated at 

potential nesting areas in September and mating occurred at this time. 

Courtship feeding and copulation were observed only once during 

the course of this study. This record was for a pair along the Tasman 

River at Lagoon Stream (6.11.75) where nesting was later than on the 

Ahuriri River (Fig. 9). A female alighted on a shingle island at 0815 

hours and was fed two fish and one earthworm by a male which foraged 

above the surrounding braids and fields. The pair copulated at 0918 

hours then flew off immediately. 

Black-fronted Tern colonies are small compared to most other tern 

species and nests are widely spaced. Most presented information is from 

a colony on the Ahuriri River, the only tern colony between the bridge 

and rivermouth in 1975. The construction and site of Black-fronted 

Tern nests differ from those of all other ChZidonias terns. The nest 

is generally an unlined hollow in shingle on bare riverbed (Soper, 

1959; 1972) whereas the other species build nests from water weeds and 

twigs in swampy localities. Eggs are laid during October, November and 

December bu·t the period spanned varies between localities (OSNZ Nest 

Records). The spacing of nests in a colony on the Ahuriri River is 
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Figure 9: COURTSHIP FEEDING AND COPULATION. 

~rasman River c..t Lagoon Stream; November 1975. 

(a) COUR'I'SHIP FEEDING 

Fish transfer from male to female. Female in beggj_ng 

posture (body pressed against ground; head up) and emitting a 

begging call similar to that heard from chicks and juveniles. 

The male emitted a fish call before alighting next to the 

female and was on the ground only for sufficient time to 

transfer the prey item. The pair did not parade, nor was 

any form of male posturing observed. The absence of parading 

as part of the courtship ceremony may be related to the fact 

that no nest scrape is made by this species. 

(b) · MOUNTING 

Male mounting female prior to copulation which terminated 

one hour of courtship feeding. No food was brought to the 

female when the male arrived for the final time. 

(NO'J,E: no sexual dimorphism is apparent) . 
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shown in Figure 10. The 74 nests found were scattered over 9 hectares 

of shingle-bed with mean minimum distance of 16 m between nests (range 

4.5- 48 m; s = 9.7). This colony was subdivided into groups with 

respect to time of egg-·laying and spatial arrangement of nests. Nesting 

was synchronized within but not. between groups. A similar grouping 

and synchronization was recorded by Swift (1960) for a Whiskered Tern 

colony in southern France, but this colony was more compact than that 

on the Ahuriri River and contained 150 nests in an area of one hectare. 

Black-fronted Tern clutch-size was normally two, one egg less than 

that. of other Chlidonia.s species. Beer (1965) noted that many New Zealand 

Charadriidae had smaller clutches than corresponding species in other 

parts of the world. Clutch-size of three were recorded in the Ahuriri 

River colony only amongst the relatively late nesting birds. (Three 

immature terns were involved in nesting: each was paired with an adult 

and incubated one egg clutches). Incubation appeared equally shared 

between the sexes and the duration of sitting bouts was relatively 

brief: 15-60 minutes with an average of approximately 40 minutes. No 

food or other materials were brought at nest relief and terns rarely 

postured at this time. The .incubation period was calculated from four 

records by M.M. Davis (OSNZ Nest Records) as 22-24 days. 

Both egg-laying and hatching were asynchronous and incubation on 

five occasions was observed to begin with the laying of the first egg. 

As a result there was an interval of approximately 24 hours between the 

hatchinq of the two eggs (observed 11 times). Chicks remained in the 

nest until all eggs hatched and an adult was in attendance throughout 

this pe:::iod. Nests were empty within 24 hours of the last egg hatching 

so chicks left the nest when between one and three days old. The brood 

remained in the direct vicinity for a further one to three days and 

could usually be found hidden among vegetation or driftwood within 10 m 

of the deserted nest. Chicks then roamed over the shingle-bed, often away 

from the colony. 
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figure 10: 

• 
0 
IIlii 

~ 

N,.. 

50 metres 

0 

0 

SKETCH OF BLACK-fRO/HEO TERN COLONY. 
Approximately 1.5 krn downstream of bridge, Ahuriri River; 1975. 

CO/•IHENCEHENT"'OF 

INCUBATION 

1-14. 10.75 

15-Jl .10. 7f; 

1-14.11.75 

TOTALS 

unknownt 

.. ··----------·--

CLUTCH-SIZE 

2 3 

23 1.9 

21 1.8 

18 2.0 

62 1.9 

-'"----~---------

*either period r1hen first egg laid or period when chick(s) hatch minus 23 days. 

t P.qg{s) in nw,t deserted when found: minimal figure. 

Date<; when nests found/inspected: 

October: 20,23 flovember: 4,5,7 '13,18,19 

15 (no eggs or evidence found of new nests since 19.11.75). 
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A brood \vas bnmght food at an average of ::_;ix times hourly throughout 

the clay. 'J'he majcn~ity of prey it:ems were ei the:;r small insects caught 

over the river surface or fish. Skinks were occasionally brought during 

the afternoon of fine days and eart.hworms on wet days. Large insects 

were rare, but. a do.mselfly was recognised once. Only one prey i tern was 

brought at a timE!: t.his was held crosswise in the bill of the adult and 

no regurgitation of food for chicks was observed. 

Flying juvenile terns were seen foraging from the beginning of 

December, so chicks were fledged approximately one month after hatching. 

Juveniles occupied resting places together with adults and prey items 

were brought to juveniles only at these sites. The begging call and 

posture of a juvenile resembled that of a begging adult (Fig. 9(a) ) . 

The rate at which food was brought was lower for juveniles than for 

chicks and no feeding was seen after early January. The ratio of adults 

to juveniles in late December (1974-1975) was 9-10:1 so the success rate 

from breeding was probably low. Juveniles were first recorded along 

Blue Stream in mid--January (1976) but were not fed there by adults. 

Parental feeding by Black-fronted Terns therefore probably ceased 

approximately one month after the young fledged. 

The Ahuriri River tern colony was occupied for 10-12 weeks in 1975: 
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nest site selection and building approximately two weeks (Stead, 1932); 

egg-·laying approximately six weeks; time until last clutches hatched 

approximately three weeks. The major cause of egg loss in Black-fronted 

Terns is flooding of nests (OSNZ Nest Records). Beer (1966) studied nesting 

of the endemic Black-billed Gull, Larus buUeri_, on shingle-bed rivers and 

found that occupation of colonies (10 weeks) was truncated compared with 

other gulls. He considel·ed this to be an adaptation which lowered the 

risk of egg loss by flooding. Although Black-billed Gull colonies were 

much larger than Black-froni:ed Tern colonies (often up to several 

thousand nests: Boud and Cunningham, 1959), many features recorded for 

these gulls were also applicable to terns. Pair formation was accomplished 
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before occupation of t.hE! colony and growth of nest. groups wao; rapid with a 

high synchronization of egg-laying. Nests were abandoned soon after the 

eggs hatched and chicks could swim at any early age. 

The Ahuriri River colony studied in 1975 did not suffer flooding 

but at least six clutches were deserted before incubation was completed. 

Desertion was probably not caused by humans or predat:ors because all eggs 

were int~act and the deserted nests appeared randomly distributed through 

the colony. The eggs of six nests in the western region of the colony were 

found smashed but uneaten on 18.11.75. This was attributed to sheep 

which roamed through the riverbed. Chicks of three broods were found dead 

but intact in nests. In one case, an adult still brooded two dead chicks 

even though they were stiff and fly-blown, therefore death was not 

caused by desertion. No dead chicks were found away from nests but one 

was seen taken by a White-backed Magpie, Gymnorhina hypoZeuca. 

Nine tern nests were found in the upper ~·asman Valley in 1975 but 

no eggs hatched (Fig. 3). Two clutches found near the mouth of Lagoon 

Stream in min-October were later deserted after being covered with snow 

for two days. A third clutch at the end of October was deserted during 

several days of heavy rain. Six clutches were laid near Blue Stream in 

mid-November but the eggs from five of these nests were found broken and 

eaten on the second inspection of this group. M. Heine (pers. conun.) 

suggested that this may have been caused by a mustelid which followed 

human scent between nests. The sixth clutch was deserted during two 

days heavy rain at the end of November. No further nesting was recorded 

in the area. 

Further information on chicks is given in Figures ll-13. 



Figure l1: BLACK-FRONTED TERN CHICK. 

Possibly two weeks old; Ohau River, January 1975. 

DO'v'JN: (Ahuriri River colony) approximately 601;: base colour medium 

brown with darker mottling. 409a: base colour pale olive green 

with darker mottling. 

BILL: dark yellow with black tip; inside open mouth dark yellow. 

LEGS and FEE 'I': orange. 

IRIS: dark brown, almost black. 

Black-fronted Tern chicks did not show t.he variation in 

down, bill and leg colour found in some other terns (species 

list in Chaniot, 1970). Polymorphism in chicks of Crested 

Terns, Sterna bergii 1 (Davies and Carrick, 1962) and Royal 

Terns, S. maxima, (Buckley and Buckley, 1972) may have aided 

parental recognition of chicks in creches but Chaniot 

associated variations in chick colour of Caspian Terns, 

Hydroprogne caspia, with camouflage. Creching was not observed 

in the Black-fronted Tern and chicks were considered poorly 

camouflaged against grey shingle. When disturbed, chicks in the 

vicinity of the nest (i.e. < 3-4 days old) remained still, but 

older chicks ran and occasionally entered the water. 

This chick was highly mobile and was seen on three consecutive 

days beside braids of the Ohau River. The nearness to the adult 

feeding area resulted in a decrease in the handling time for prey 

items brought to the chick. An adult could coax the chick to 

move by hovering and calling overhead. The chick was seen to 

swim across the main braid of the Ohau River but was carried 

downstream in the process. 
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Figure 12: FEEDING OF THE CHICK. 

Chick illus·trated in previous figure; Ohau Ei ver, January 1975. 

(a) CHICK CALLING 'I'O .IU)H~OACHING ADULT. 

A chick normally hid amongst: shingle when not being fed. 

It was aroused by Lhe fish-call of an adult approaching with 

food and emitted begging-calls until it was fed. Hutchinson 

et al. (1968) found that Sandwich 'rerns returning to feed 

chicks differed in their fish-calls and Davies and Carrick 

(1962) recorded differences in the begging-call of two day 

old Crested 'l'ern chicks. Black-fronted Tern chicks usually 

reacted only to fish-calls of adults which fed them so they 

were able to identify the call of their parents. Nineteen 

feeds of this chick were observed. On 13 occasions the adult 

emitted fish-calls (2-5) as it flew within 50 metre~ of the 

chick. On the other 6 occasions the adult did not call and 

the chick remained motionless until the adult landed. Fish

calls aroused ·the chick thus making its position amongst the 

shingle more obvious. 

(b) TRANSFER OF FOOD TO CHICK 

The adult usually aJ.ighted before food was transferred 

but was on the ground for less than five seconds and often did 

not close its wings. Two terns \vere twice seen to arrive almost 

simultaneously so both parents fed the chick. 

A parent often rested near the chick instead of at one 

of the usual resting places (tern at left in both photographs) . 
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Figure 13: CHICK PREDATION BY WHITE-BACKED MAGPIE, GYMNORHINA HYPOLEUCA. 

Ahuriri River tern colony, 19.11.75 

This was the only incident seen in which a tern chick was captured. 

A magpie perched in a nearby willow tree.flew across the shingle, captured 

the chick, then returned to the tree with the chick held in its bill. 

Attacks by terns on avian predators were intense and effective against. 

Harriers, Circus approximans~ and gulls but the magpie escaped these 

attacks by flying rapidly at a low altitude c~ 1 metre). 

Although approximately 12 tern broods were visible from the point 

of observation in the colony, the captured chick was from the only brood 

of two. These two chicks had previously been relatively·active. Unlike 

other chicks, they regularly called to any flying adult tern (possibly 

motivated by hunger) and were therefore more obvious to a potential 

predator. 
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4. S'l'YLES OF' 'I'ERN FLIGH'l', FORAGING AND 

PREY CAP'l'Uim 

The aerodynamic capabilitieEJ of a bird a1:e indicated by the shape 

of the wing and wing chords. These shapes are ultimately controlled 

by the hird's weight. The following information is based on Dol'nik 

(1970) and Pennycuick (1972). Weight (Tv) is related to the cube of a 

bird's length but the wing area which must support this weight is 

related to the length squared. An increase in bird length results 

in a more rapid rise in weight than in wing area, therefore wing 

loading (weight divided by total wing area) is increased. The effect 

of this increase becomes evident when power used in flight is 

considered. 

The maximum energy which a bird can produce in flight (i.e. 

available power) is proportional toW 0.7S but the necessary power 

is proportional to W l.17. Therefore, with an increase in weight a 

discrepancy develops between available power and aerodynamic require

ments. This discrepancy is partially compensated by an increase in 

the lift:drag ratio of the wings. Two features of wing chords increase 

lift on a fixed planform (= shape) wing: increased camber and increased 

angle of attack (up to stalling speed) • The resulting increased lift 

makes gliding more feasible but usually decreases rnanoeuvreability because 

drag is also increased. 

Figure 14 shows a comparison of the wing between a Black-fronted 

Tern and a Red·-billed Gull, Larus novaeho Uandiae, in an air velocity 

typical for gull gliding. Nachtigal! and Weiser (in Alexander, 1968) 

found that wing camber decreased as airspeed increased, so a comparison 

of stationary wings would not have been legitimate. The chord through 
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(a) TERN 

(b) GULL 

CHORDS THROUGH WRIST 

Figure 14: WING PLANFORM AND CHORD 

A COHPARISON BETWEEN BLACK-FRONTED TERN AND RED-BILLED GULL 

(Dried wings positioned in gull gliding position. Air 

velocity = 6 m/s) 

TERN GULL TERN/GULL (+ 0. 05) 

angle of attack (degrees) ::e5 ::el5 0.3 
maximum camber (rom) 3 6 0.5 
(one) wing area (cm2) 161 349 0.5 
aspect ratio 3.1 2.7 1.1 

*fresh weight (g) 85-100 280-330 0.3 
wing loading (g/cm2) 0.26-0.30 0.40-0.48 0.6 

*from Serventy et al. (1971) 

39 .. 



the gull wrist. had a larger camber and angle of attack than the 

equivalent chord from t.he tern which compensated for its higher 'ding 

loading. The tern wing in a gliding position had a comparat.ively flat 

shord vl.iUi small angle of attack, features which favoured manoeuvre a-

bility during flight. Aspect ratio (wing length divided by maximum wing 

breadth) was greater for the tern wing. If two birds have the same 

wingspan, then the one with the larger aspect ratio is the more 

manoeuvreable. This comparison indicates that Black-fronted Terns 

were more agile in flight than Red-billed Gulls. 

Styles of flight 

Wing positions and styles of flight are illustrated, together 

with relevant data, in Figure 15. A comparison of wing shape between 

these positions is given in Table 4. 

Table 4: COMPARATIVE DATA FOR TERN WING IN DIFFERENT POSITIONS 

Wing position 
(Fig. 15) 

(a) strongly bent 

(b) partially extended 

(c) fully extended 

maximal variation 

Wingspan 
(em) 

43 

55 

63 

32% 

Total area 
of wings 

(cm2) 

304 

274 

268 

12% 

Wing loading 
( g/cm2) 

0.33 

0.36 

0.37 

Although wingspan was highly variable, wing area (and therefore 

wing loading) remained relatively constant. A bird's flight speed is 

proportional to the square root of the wing loading, so it is 

greatest when wingspan is shortest (Fig. 15a). 
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Figure 15: WING POSITIONS DURING FLICHl. 

(a) WING STRONGLY BENT 

ABOVE: CRUISING FI"IGHT 

Flap rate: 2-3 beats/minute 

Wingbeat angle: 50-70° (0-20° below horizontal) 

Flight speed: 7.5-10 rn/s 

Tail: forked 

BELOW: FAST FLAP 

Flap rate: 3-4 beats/minute 

Wingbeat angle: 50-80° when flying horizontally 

Flight speed: 5-10 m/s 

Tail: forked in horizontal, straight in flight. 

Continued/ •.. 
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Figure 15: WING POSITIONS DURING FLIGHT 

~) WING PARTIALLY EXTENDED 

ABOVE: SLOW FLAP 

Flap rate: 1-2 beats/minute 

Wingbeat angle:40-60° (20-30° above and below horizontal) 

Flight speed: 5-8 m/s 

Tail: forked 

BELOW: "GLIDE" 

Flap rate: 0-2 beats/minute 

Wingbeat angle:<60° 

Flight speed: 6-10 m/s 

Tail: forked 

Continued/ •.. 

. ' 
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Figure 15: WING POSITIONS DUHI NG FLIGHT 

(c) ~liNG FULLY EXTENDED 

.-----,----'-'"·~-~-

- ----------
ABOVE : BANK TURN 

Bank angle: ~ 45° (wings rigid) 

Tail: spread to suppress spin 

BELOW: CLIMB 

Flap rate: 2-3 beats/minute 

Wingbeat angle: 100-140° (50-70° above and below horizontal) 

Flight speed: 2-6 m/s (decrease with increase in climb angle) 

Tail: forked in low climb angle; spread in high climb angle. 
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Control of the direction of 

Black-fronted Terns often employed an energet.ically efficient 

method of turning, the bank turn, which was executed with wings held 

in a rigid, fully extended position (Fig. l5c). The bird rotated 
. 0 0 through an angle bet:ween 90 and 180 . A disadvantage of the bank 

turn was an accompanying loss in height (Fig. 16). Von Mises (1945) 

presented an equation linking radius of curvature of a bank turn ffi) 

to flight speed (V) and bank angle ( y = degrees displacement of wings 

from horizontal) : 

R = where g acceleration due to gravity. 
g.tan y 

The radius of curvature decreased with a decrease in flight speed or an 

increase in bank angle. Bank turns were effectively used by terns 

because their bank angle was usually in excess of 45°. Also, flight 

speed during a bank turn was near stalling because the alulas were often 

raised. The minimum tern radius of curvature seen during calm conditions 

was 1-l. 5 m. 

Terns always banked into the wind in wind velocities greater than 

3-4 m/s. The radius of curvature for a bank turn was often reduced 

in such conditions because flight speed was reduced by the oncoming 

winq. Gulls made steep angled bank turns only during windy 

weather. They were probably prevented from executing bank turns 

in calm conditions because the drag caused by their relatively high 

lift wings would have been too great to be compensated by the tail, 

therefore causing the bird to spin (M.G. Lalas, pers. comrn.). 

A diagrammatic representation of bank turns is shown in Figure 17. The 

wing and tail movements made by a tern were comparable to the movement of 

flaps on an aircraft. Powered turns were used whenever a bird was near 

ground level (Fig. 18). 
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Figure 16: fflJ~ K TURN · 

(a) GROUP FEEDING OVER LAND 

(Near Kurow, October 1975). 

The two terns at left are in cruising flight, the next three are 

bank turning through 90° and the remainder are foraging with a slow flap. 

Terns dropped approximately three metres while bank turning from cruising 

height ("' 6rn) to foraging height ("" 3m). The tern to right of centre 

0 shows a bank angle of 70 . 

(See Figure 4 (a) for bank turns over water) . 

{b) INITIA'I'ION OF BANK TURN 

The tern is about to bank to its left. The wings have been swept 

forward which lowers forward flight velocity. The right wing is being 

lifted while theleft is dropped. The dynamics of this procedure is 

illustrated in the next figure. 
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(a) AIRCRAFT 

with no rudder 
application, aircraft 
skids out of turn and 
will enter spin 

co-ordinated turn with rudder 
counteracting wing drag forces 
and kicking tail into turn 

L 

~ f - aileron down aileron '!1/ 

L 

~ D DE •==t--- . F =-=-~ (J 
increased lift (L) ~ · reduced lift 
i?creased drag (D) t=? reduced drag 
Wl.ng LIFTS and LAGS ===:J wing DROPS and 

(b) TERN 

left wing lifts but added drag 
tries to lag wing and skid bird 
out of turn 

NOTE: only initiation of 
turn considered 

twist 

Figure 17: DYNAMICS OF A BANK TURN 

Tern compared with aircraft. 

left side down 

Designed from sketches and sugges·tions by M.G. Lalas (pers. cormn.). 
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Figure 18: POWERED TURN 

Powered turns usually had a smaller radius of curvature than bank 

turns, but were energetically less efficient than bank turns because 

the wings were flapped. They permitted birds to roll in a horizontal 

plane and were therefore used near the w~ter surface where a loss in 

height was undesirable. 

Wings were either partially or fully extended and the tail 

spread. The twisted tail in the lower photograph indicates that the 

bird is turning to its left (prior to a prey capture from the water 

surface) • 
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Tail positions during flight are shown in Figure 15. The tail 

was forked during horizontal, straight flight (angle of 0 
spread "' 30 ; 

area "' 12 cm2 ) and usual.ly spread during other .fLight styles (maximum 

angle of spread "' 140°; maximum area "' 95 cm
2
). A spread tail was an 

important: control surface which was twisted at the initiation of bank 

or powered turns. Lift increased on the downward t:wisted side which 

caused the bird to roll away from that side. 'l'he t.ail was straightened 

at the completion of a turn until it was horizontal with respect to 

the body in order to prevent spin. The bird climbed when the tail was 

depressed and dived when the tail was raised. The use of the tail during 

a climb is illustrated in Figure 19. 

Styles of prey capture 

Foraging patterns of terns hunting over various habitats are shown 

in Figure 20, together with the styles of flight employed. Insects or 

cl':ustacea on or just below the water surface were captured by "contact 

dipping" and insects, crustacea or fish below the surface by "plunging 

to surface". These two feeding methods were defined by Ashmole and 

Ashmole (1967) and are illustrated and described in Figure 21. Insects 

in the water at a stream or river edge which were unobtainable by contact 

dipping or plunging to surface were captured by a third method termed 

"alighting at stream edge". A tern landed on a stone at the stream edge 

or emerging above the water surface and either gleaned an insect from the 

rock or plunged its head in·to the water to capture an insect below the 

surface. Flight was disrupted for 0.5-3 seconds with wings held vertically. 
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FIGURE 19: USE Of THE TAIL lN A LOH··ANGLED CLIJIJB 

Blue Stxean1, Fe~)xuary 1976. 

'l'his series of outlines were taken fxom e:vex:y second frame of 

a cine film exposed at 32 £ .p. s. (i.e. consecutive drawings 

separated by l/16 of a second. Some outlines were dotted to 

prevent confusion caused by overlapping). 

The tern was rising in pursuit of a flying insect. which was 

captured in the final drawing. The bird's angle of climb was 

approximately 25° with a flight speed of 3.5 m/s. The tail 

was spread during downstrokes, thus assisting in lift 

and keeping the body horizontal, but forked during upstrokes 

of the wings. 
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cruising heigl_lt: 2-4m cruising flight 

foraging height: 0.3-l.Sm 

Figure 20: 

fast flap 

powered 
turn 

contact dip 

IDEALIZED FLIGHT PATTERNS OF FORAGING TEPNS (not to scale) 
(a) PREY: INSECTS ON THE SURFACE OF RUNNING WATER 

Calm conditions: foraging in the downstream direction only. 

flap 

current + 

. .••.. continued 
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foraging height: 2-3m 

hovering height: 0.5-2m 

slow flap slow flap 

) I / ) l 
I I 
\ hover _, l hover ..._____ --~-

t><J> 1><3> 

fast flap 
or hover 

plunge to surface 

Figure 20: IDEALIZED FLIGHT PATTERNS OF FORAGING TERNS (not to scale) 

(b) PREY: FISH IN STREAMS OR RIVER BRAIDS 

Calm conditions: foraging in both directions with respect to current. 

. ..... continued 

v: 
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high level: 
3-50m 

low level: 
< Sm 

Figure 20: 

~ 

i~ glide 

::3>-. -

cruising flight 
cruising flight 

~-----------$------------------~ 
fast flap 

IDEALIZED FLIGHT PJl.TTEPNS OF FORAGING TERNS (not to scale) 

(c) PREY: FLYING INSECTS 

Calm conditions: random flight path. 

. .•... continued 
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( 
( cruising flight ( return height: 5-Bm 

' L - ~ ,_ ~~~~--- foraging height: 3-5m 

Figure 

slow flap 

powered turn 
or hover 

fast 
flap 
or climb 

20: IDEALIZED FLIGHT P.A.TTERNS OF FORAGING TERNS {not to scale) 

(d} PREY: ANIMALS ON THE SURFACE OF FIELDS OR SHINGLE 

Calm conditions: foraging in one direction only. 

slow flap 

fast 
flap or 
climb 

bank 
turn 

' 7 

\.J1 
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Figure 21: FEEDING ON WATER 

(a) CONTACT DIPPING 

Flight is not disrupted during prey capture and usually only 

the bill touches the water. Ventral surface of body is 40-70 mm above 

0 the wate:t· and head is lowered and bill opened ("" 30 in this photo-

graph) at the moment of prey capture. 'I'his occurs when the wings are 

making a downstroke and are at or above the horizontal position. 

Tail is spread and lowered to assist lift. 

Continued/ . • . 



Fi9ure 21: FEEDING ON v.'/\TEf~ 

(b) PLUNGING ~i'O SUHFACE 

Flight is disrupted during prey capture. Wings are spread 

throughout the dura t.ion of the dive but are usually held vertically 

and not used for underwater locomotion. 'l'he tern lifts from the 

water by a downstroke of the wings. Depth of penetration depends 

on prior flight velocity and angle of contact with the water surface. 

Angle of entry into water was shallow when diving for insects (top 

photograph 
0 

"' 20 ) but '.vas larger when hunting for fish because terns 

dived from a greater height in the latter case (0.5 - 2 compared with 

0.3- lm). Occasionally, a tern penetrated to a depth where the wings 

•..;rere completely submerged("' 0. 4m) but generally only the body disappeared 

so prey were usually at a depth of 0.05 - 0.2 m. 

In the top photograph, tail is spread and raised which forces the 

head down. 

Continued/ ... 
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Figure 21: FEEDiiJG ON vmER. 

(c) RISING FROI-1 THE \'lATER SURFACE 

TOP: Tern with insect 

Insect prey were usually swallowed immediately after capture. 

This is the only photograph taken in which an insect is visible. 

It appears that the insect is rolled into the mouth by movement 

of the lower mandible. 

The tern is completing the downstroke which lifts the bird 

from the water. (The right wing has touched the surface). The 

tail is spread and depressed to increase lift. 

BOTTOM: Use of feet 

The feet are sometimes used to assist lift, especially after 

a plunge to the surface. 
-. 

Continued/ ... 
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Figure 21: FEEDING ON WATER 

(d) HOVERING 

Terns often hovered briefly over submerged prey before diving. 

The angle of such a dive was steeper than dives made from 

horizontal flight and therefore penetration below the water 

surface was greater. 
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Flying insects were hawked in a swallow-like fashion (Fig. 22). 

Terns usually foraged as a single group (3-50 birds) at a relatively 

high al ti i:ude \vhen hi9h-flying insects were abundant. 'I'his a9gregation 

into a single foraging unit was similar to behaviour recorded for 

Cliff Swallows, Pe-t:r'ocheZidon pyrrhonota, by Emlen ( 1952). Insects flying 

within 5m of the ground were also taken. This often occurred while 

terns were feeding over water but individuals were occasionally seen 

swerving amongst flowering bushes on shingle-bed where they captured 

swarming terrestrial insects. 

Insects, earthworms or skinks on the ground were captured by 

either contact dipping or a method similar to alighting at stream edge. 

In the latt.er method, a tern lands above the potential prey i tern but 

did not walk or probe the soil. Terns often remained on the ground 

for up to 15 seconds and long prey items such as earthworms were 

sometimes swallowed before flight was resumed (See Figure 16 a). 

Search rate 

'l'he search rate of terns feeding on water or on land (expressed 

as surface area (m2) per second) depended mainly on two factors: 

perceptual field and foraging flight speed relative to substrate. Above 

land or still water this flight speed was equal to ground speed of a tern. 

However, this was not the case for birds foraging over running water 

because prey on the surface were carried downstream by the current. In 

calm conditions terns usually foraged for insects in a downstream 

direction. Therefore, flight speed with respect to the substrate was 

less than bird air speed by a factor equal to water current velocity 

(<1.5 m/sec). This difference was small when compared to variations in 

tern foraging flight speeds and so was not considered in results. 



Figure 22: FEEDING IN AIR 

(a) PREY CAPTURE 

The tail is spread in a steep-angled climb (top photograph) 

but often forked in a low-angled climb (bottom photograph) . A 

tern opens its bill only when it is within one metre of a flying 

insect (bottom) which is then swallowed immediately after 

capture. 

Continued/ ... 
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Figure 22: FEEDING IN AIR 

(b) USE OF FEET 

This tern has just captured a flying insect after completing an 

almost vertical climb. The feet have been dropped which increases 

drag so the wings stall. The tern will then drop tail first, achieve 

a horizontal orientation, then commence a shallmv dive until another 

flying insect is seen. 
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Salt and Willard (1971) calculated tha t the perceptual field 

of a foraging Forster 1 s Tern, Sterna fcrstel'i _, wa.s approximately cone 

shaped and extended down and slightly forward from the bird. This 

cone had an apica l angle approximately 17° with the bird 1 s bill as 

its axis. The perceptual fi e ld was therefore almost circular and 

proportional to the square of the foraging height. It was assumed 

that Black- fron·ted Terns and Forster 1 s Terns had similar perceptual 

fields so s urface area of substrate under inspection (A) at a given 

foraging height (F) was calculated from the formula A ~ 0.06 F2. 

Results using this formula are given in Table 5. 

Table 5: PERCEPTUAL FIELDS OF TERNS AT DIFFERENT FORAGING P~IGHTS 

PREY FORAGING PERCEPTUAL 
HEIGHT FIELD 

(m) (m2) 

Insects on water surface 0.3 - 1.5 <0.01 - 0.14 

Fish 0.5 - 2 0.02 - 0.24 

Animals on land 3 - 5 0.54 - 1.50 

Tern search rate at a constant foraging height was directly 

proportional to its flight speed relative to the substrate. 

Search rate in calm conditions was therefore approx imately equal to 

perceptual field multiplied by flight speed (Table 6). 

Table 6: TERN SEARCH FATES IN DIFFERENT FORAGING STYLES 

PREY 

Insects on water surface 

Fish 

Animals on l a nd 

FLIGHT SPEED 
(m/s) 

5-10 

5-8 

5-8 

SEARCH RATE 
(rn2 /s} 

0.03 - 1.40 

o. 08 - l. 92 

2.70 -12.00 

(Not e: the mathematically correc·t units for search rate calculated 
by this method should be m3/s but foraging terns inspecte d an area of 
substrat.e s urface, not a volume) • 
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Arthropods on or near the water surface were generally i0-20 

nun long and Jocated by direct observation. Terns foraged over water 

at a relatively low height (usually <2m) so their perceptual field 

was small. A low foraging height may have been necessary because 

most arthropod prey species were dull in colour and poorly contrasted 

against the water surface. 

Observations indicated that most arthropods on the water surface 

were located at a distance of 2-3 metres. The extended legs of an 

insect may have been an important factor in tern prey recognition. 

Mayfly nymphs with legs removed (and also sticks of similar dimensions) 

were generally ignored. 

Fish were not always first detected visually. If a small stone 

was skin~ed across the water surface near a foraging tern, the bird 

usually ceased horizontal flight and hovered above the expanding 

circular ripples. ('I'hey did not respond to the splash made by a stone 

thrown in the norman manner). Foraging flight was resumed after 

5-10 seconds unless more ripples were created. This observation 

indicated that terns associated small surface disturbances on still or 

slow-flowing water with the presence of prey, probably fish, which was 

then located visually when the bird hovered above the site of 

disturbance. 

Flying insects were located at a range of up to 50-60 m, a much 

greater distance than insects on the water surface. They usually 

ascended to capture prey which were either silhouetted against the sky 

(as reported by Stead, 1932) or highlighted against the surrounding 

terrain (Fig. 22). The period of fast flapping between the sighting 
• 

of a prey item was approximately one second (from 185 records at Blue 

Stream, 17/2/76 : x = 1.02 seconds; s = 0.84; range 0-6 seconds), but 



in 15% of cases terns did not deviate from their previous flight path 

or increase flapping rate prior to prey capture. 

Salt and Willard (1971) found that search rate of Forster's 

Tern was inversely proportional to prey density (prey size constant) 

and altered w.i t.h changes .in foraging height and flight speed. A 

relationship between prey abundance and foraging height (where prey 

species remain unaltered) was shown by Black-fronted Terns when they 

foraged over farmland. Foraging height was 3-5 m above pastures but 

1-2 m above the freshly tilled soil behind a plough. Prey availability 

was greater in the latter situation but the prey species, primarily 

earthworms and grass grubs, were the same in both cases. This 

relationship can be extended to a comparison between the hunting of 

different prey species in the same habitat. Ashmole and Ashmole (1967) 

related foraging height to energy expenditure involved in hunting 

p~ey of different sizes and abundance. Less energy was expended if a 

tern foraged near the water surface because the bird did not dive from 

or rise to a great height during prey capture. However, the 

perceptual field was low, therefore a low foraging height was 

economical only if prey was abundant (e.g. Black-fronted Terns foraging 

for insects on the water surface). When prey abundance was low, birds 

foraged at a greater height which increased their perceptual fields (e.g. 

Black-fronted Terns hunting fish) . 

Effect of wind on flight 

Figure 20 shows tern foraging patterns in calm conditions. The 

styles of flight employed appeared unaffected by winds up to 2 m/s but 

above this velocity terns always faced into the wind while foraging. 

(Terns rarely forageJover regions of stream or river which experienced 
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st.rong cross winds) . In wind veloci tiN; great.er than 6-·8 m/s, flap 

rate of terns foraging for insects on the water surface was reduced 

(qualit.ative observation) and wingspan was incn'"ased. In wind 

velocities greater than 10 m/s, terns flew with the slow flap (wings 

partially extended) shown in Figure 15(b), but remained within l.Sm 

of the water surface. Search rate compared to calm conditions was 

therefore considerably reduced: flying terns were sometimes stationary 

relative to the ground. Salt and Willard (1971) reported that fish 

hunting activity of Forster's Tern is not disturbed by winds up to 

7 m/s but they recorded a change in flight style similar to that 

described above for Black-fronted Terns. 

Dunn (1973) found that rate of fish capture by Sandwich Terns, 

Sterna sandvicensis~ was directly proportional to windspeed. A 

tern in a strong headwind ceased horizontal flight faster and less 

effort was required for hovering than in calm conditions. l'm equivalent 

increased flight efficiency was seen in Black-fronted Terns foraging for 

insects over water in strong wind. Terns flew with a slow flap instead 

of fast flap so there is a reduction in energy expenditure per unit 

time. This energy expenditure was further reduced because birds 

employed bank turns instead of powered turns for all changes in 

direction. Not only was radius of curvature of a bank turn reduced, but 

headwinds also provided extra lift so that a bird gained instead of 
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lost height and bank turns could be used at low altitude (<2m) . This 

style of bank turn has been illustrated by Jensen (1946) for a Gull-billed 

Tern, GelocheZidon nilotica~ foraging over land. 

Extensive tern feeding in air was not observed during ground 

level wind velocities greater than 4 m/s. However, this may have reflected 

a reduction in the abundance of aerial insects rather than an inability of 

terns to utilize the styles of flight required to catch flying prey. 



5. TERN PHEY SPECIES 

Results of experiments to determine potential prey species on 

the surface of Blue Stream are presented in Table 7 (method described 

on page 13). All insects larger than chironomid flies were taken 

from the stream surface. Terns distinguished live (mayfly) nymphs 

from empty cuticles: the former were taken but the latter ignored. 

The result for muscid flies indicated that dry insects held above 

the water surface by surface tension were taken in preference to 

wet insects floating at or just below the surface. However, live 

mayfly and stonefly nymphs below the surface were also taken, so birds 

distinguished insects actively swimming below the surface from wet 

dead insects passively carried by water current. The smallest insect 

·regularly taken by terns was a march fly, PhiZia segnis (Diptera, 

Bibionidae) , fresh weight 2. 5 - 3. 0 mg and ·the largest a cicada, 

Kikihia muta (Hemiptera, Cicadidae), fresh weight approximately 200 mg. 

Seasonal relative abundance of potential tern prey species on 

the surface of Blue Stream is shown in Table 8. Terrestrial insects 

generally contributed less than 10% of Blue Stream surface fauna 

available as prey when relatively large numbers of terns were present 

in the 'l'asman Valley (September - April) . Most insects were aquatic 

and originated from the stream. A similar predominance of aquatic 

species in the surface fauna was observed along the Ahuriri and Ohau 

Rivers, but no quant.itative sampling was made at these sites. Most 

of these aquatic insects had short-lived adults whose abundance followed 

variations in the seasonal emergence from larval stages. Emergence 

of aquatic insects in temperature regions is usually seasonally restricted 
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Table 7: RESULTS OF EXPERIMENTS TO DETERMINE POTENTIAL PREY SPECIES OF THE BLACK-FRONTED TEfu~. 

SPECIES 

De teatidium sp. E 

(Emphemeroptera) 
large mayfly 

Zelandoperla decorata 
(Plecoptera) 
large stonefly 

Caddis-flies 
(Trichoptera) 

Chironomid flies 
(Diptera, Chironomidae) 

Muscid fly 
(Diptera, Muscidae) 

Kikihia muta 
(Hemiptera) cicada 

Hemideina alte~aa 
(Orthoptera) weta 

Dolomedes aquaticus 
(Arachnida) water spider 

LIFE STAGE 

large nymphs (live) 

nymphal cuticles (empty) 
sub-imagines (live) 

adults (live) 

adults (live) 

pupal cases (empty) 
adults (live) 

adults (dead, wet) 
adults (dead, dry) 

adults (live) 

adults (live) 

large adults (live) 

Blue Stream~ January 1975. 

TAKEN BY TERNS 

yes 

no 
yes 

yes 

yes 

no 
no 

no 
yes 

yes 

nc 

yes 

COY.u.'I1ENTS 

actively swilln on surface, but carried 
downstream by current. 
tra~slucent; floated on surface. 
usually stood on surface; often flapped 
wings. 

usually stood on surface; wings not flapped. 

flapped vigorously; moved across surface. 

translucent; floated on surface. 
flew along surface. 

floated below surface. 
floated on surface. 

floated on surface 

sa..1k rapidly. 

ran along surface. 

C'\ 
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Table 8: SEASONAL RELATIVE ABUNDANCE OF BLUE STREAM SURFACE FAUNA 
RESULTS OF NETTING FROM WALKBRIDGE: 0800-1900 HOURS 

(excludes chironomids and other insects < 5 mm). 
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(review in Corbet , 1964). The f:;mergence period for a species is 

reasonably constant, with yearly fluctuations caused by differences 

in mean seasonal temperatures. Sequence of emergence of different 

species at any point on a stream is generally constant each year 

(Sprules, 1947). Length, weight and seasonal abundance of the coi!Lmonest 

insect prey species is presented in Table 9. 

of terns 

Delea-tidium sp. E (Ephemeroptera) (Fig. 23). 

Deleatidium sp.E was the most numerous large invertebrate on the 

surface of the Blue Stream, but was not found at other study sites. If 

winter months (May - September) are excluded, this mayfly fonne=d over 

80% of the diurnal catch by all the sampling methods used. Nearly all 

Deleatidium sp. E on the stream surface were either emergent length 

nymphs (identified by their dark colour and large wing pads) or 

freshly emerged sub-imagines. Nymphs rose from the stream bottom 

to emerge on the surface. (The sub-imagines later moulted into 

imagines: sexually mature adults). Emergence on the stream surface, 

described by Harris (1952), is common amongst the mayflies. 

Sub-imagines were usually capable of flight within 30 seconds 

from the commencement of emergence but the time spent on the surface 

by an individual before emergence was not determined. The sub-imagines 

flapped vig·orously to free themselves from the nymphal cuticle (which 

remained floating on the surface) , but did not always fly from the 

stream surface. They were often passively moved to the stream edge 

by the water current or crosswinds. 
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Table 9: DATA FOR THE COMMON INSECT PREY SPECIES. 

MAYFI,IES STONEFLIES 
(EMPHEMEROPTERh) (PLECOP'l'EHA) 

l:j 
~~ § -0 
tl -{..) 

N * . ~ 
() OJ () 

r.il ~ OJ EO 

~ 
l:j ~ til '§ ·~ :>-. 

til ~ C'\1 U) rl 
~) tl lH tl nj 

§ § N U) U) QJ -!-'> ro 
N ~ ~ ~ ~ nj 

~ N <;,) ·~ U) EO 0 
,.C) $2\., ,.C) N H ·rl 

·~ () "~ Cl l:j u (j u 
-0 til 1"-zj -{..) ·~ l:j ~) § § () ... ~ 
<;,) -{..) -~ 

T"-" N N $2\., ,y 
<;,) . <;,) <;,) \)) ·~ 

h:) h:) ~ ~ ~ ~ 

!-'.EAN LENGTH (mm ± 0.25 ) 10.5 6.0 16.0 6.5 9.5 

MEAt\! DRY WEIGHT (mg ± 0.05) 6.3 3.3 7.6 1.5 2.7 41.7 

MEAN LIVE INDIVIDUALS/g 41 64 25 93 37 5? 
ENERGY VALUE (klVindi vidual) ·j· 0.] 4 0.07 0.17 0.03 0.06 0.95 

(a) (b) 

PERIOD OF ABUNDANCE SEP. SEP. AUG. AUG. AUG. JAN. DEC. 
hR. + + + + + + NOV. FEB. FEB. NOV. FEB. FEB. 

SEASONAL ABU~DANCE 

++ = common, + = rare, 0 absent 

BLUE S'l,REAM ++ + ++ ++ + ++ ++ 

TASMAN RIVER AT LAGOON STREAM 0 ++ ++ +? ++ + ++ 

AHURIRI AND OHAU RIVERS 0 ++ + ++ 0? + ++ 

* Ze Zandob{us 2 spp. (similar in size) • 

(a) z. ( furci Z la-tus ? ) collected from Ahuriri and Ohau Rivers August -
November; from Blue Stream January - February. 

(b) z. ( unicoZor ?) only collected from Tasman River and Blue 

Stream. 

t ENERGY VALUE 0.023 + 0.006 kJ/mg dry weight 
(Prus, 1970; Cummins and Wuycheck, 1971). 



Figure 23: DELEATIDIUM sp.E 

Emergent length nymph, Blue Stream; February 1976. 

(length 12-26 mm) . 

This mayfly was the most abundant prey species of the Black

fronted Tern on the Blue Stream. 

This is a female: males have larger eyes. 
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Seasonal abundance of DeZeatidiwn sp. E had two peaks, one at 

either end of the emergence period, with negligible numbers during 

winter ('I'a.ble 8). The first peak, in lat.e September, coincided with 

the lowest lva·ter level (and therefore lowest current velocity) in 

Blue Stream. The second, in April, coincided with the highest water 

level. Results from the surface drift samplers indicated that 

emergence was reasonably constant over the sampling period mid-·December 

1975-mid-February 1976. DeZeatidiwn sp.E in the Blue Stream had a 

relatively long emergence period when compared with other stream 

species of Ephemeroptera and Plecoptera (Ide, 1935; Sprules, 1947; 

Gledhill, 1960). 

Emergence was restricted to daylight hours. A mean of 97% (rfu~ge 

93-99%) of day totals for emergent length nymphs and sub-imagines were 

caught between 0800 and 1900 hours in 11 days drift sampling during 

December and January. Over twice as many mayflies emerged on fine 

days than on wet days. This result was obtained from the number of 

sub-imagines caught in the emergence trap set on bare shingle near 

the roadbridge (December - February) on 12 fine days (x = 29; s = 12.2) 

and six wet days (x = 12, s = 11.9) (t-test: v = 16; t = 2.69; p <0.02). 

Morgan and Waddell (1961) found that most insects in a Scottish loch 

emerged either in the middle of the day or at sunset and the period of 

high emergence was usually longer in the former case. The water 

temperature was still rising at this time so they suggested that 

daytime emergence rhythms were determined by light intensity. 

DeZeatidium sp. E emergence may therefore have been determined by light 

intensity which varied with weather conditions. 
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Deleat-td-ium sp. E emergence followed pred.icta.ble diurnal patterns 

which varied with wee1.ther conditions. On fine days from the beg.inninsr 

of the emergence season in September until November, peak emergence 

occurred between 1100 and 1200 hours. However, this peak was one hour 

later from late December until the completion of the emergence season 

in April. 'rhe ra·te of increase in emergence during the late morning 

was greater than the rate of decrease during the afternoon. Days 

when the Tasman Valley was filled with low cloud which cleared befm::e 

1000 hours showed the same emergence pattern as days which dawned fine. 

Males usually reached daily peak numbers around 1000 hours, one hour 

earlier than females, but daily totals were approximately equal for 

both sexes. 

Deleatidium sp. E emergence on overcast days was more evenly spread 

than on fine days. 

The hour of peak emergence was the same, but daily totals were 

erratic and generally less than fine days. Numbers emerging were 

lowest on days with continuous rain. An indistinct peak usually 

occurred between 1400 and 1500 hours but more mayflies started to 

emerge if the weather improved. If rain stopped or cloud cleared after 

midday, a peak in emergence occurred 1-2 hours later. This often 

resulted in two peaks of mayfly abundance on days with overcast mornings 

but nurriliers did not increase if weather improved after 1600 hours. 
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The rate of emergence rapidly declined when weather conditions deteriorated. 

Figure 24 shows generalized patterns of Deleatidium sp. E emergence in 

different weather conditions. 

Table 10 shows results and analysis of dry weight for DeZeatidium 

sp. E. Male emergent length nymphs had a dry weight approximately two

thirds that of females. There was no significant difference in dry 

weight between male emergent length nymphs and male sub-imagines hut. 
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Table 10: DE'LEA'l'IDIUM sp. E DRY \tJEIGHT AND LENGTH 

(n == sample size; SE "" standard error) 

fa) DEY WEIGH'r (± 0. 05 mg-) 

23.9.75 18.2.76 
·-----·----·------·"' ----·------
EMEEGENT EMEIZGENT 

SUB-
IMAGINES LENGTH LENG'J'H 

IMAGINES 
NYMPHS NYMPHS 

n 41 5 insufficient 15 
MALE mean 4.96 4.76 nur.1ber 4.93 

SE 0.04 0.08 collected 0.06 

n 40 5 4 14 
FEMALE mean 7.53 8.06 2.78 8.22 

SE 0.06 0.10 0.09 0.06 

(b) LENGTH OF SUB-IlvlAGINES (± 0.05 rr.m) 

23.9.75 

MALE (n=20) 
FEMALE (n=20) 

11.94 
12.33 

MINIMUM 

9.8 
10.7 

MAXIMUM 

13.2 
13.2 

ANALYSIS OF RESULTS: t-TES'l'S 

(a) DRY 'IVEIGHT 

emergent length nymphs: males vs females 

23.9. 75 
18.2.76 

\) == 79 
\) == 27 

t 
t 

sub-imagines: male vs females 

23.9. 75 \) == 8 t = 

36.26 
37.47 

26.94 

p<O.OOl} 
p<O.OOl 

p<O.OOl 

emergent length nymphs vs sub-imagines 

male \) == 44 t == l. 573 p<0.2 
female \) = 43 t == 3.268 p<0.002 

emergent length nymphs vs imagines 

female \) == 42 t = 26.11 p<O.OOl 

emergent length nymphs: 23.9.75 vs 18.2.76 

male \) 54 t 0. 323 p>O. 5 
female \) 52 t 6.817 p<O. 001 

(b) LENGTH 

sub-imagines: mc:tle vs female 

23.9. 76 \) - 38 t == 1.671 p<0.2 

SE 

0.20 
0.13 

females heavier 

females heavier 

same 
sub-imagines heavie.r 

nymphs heavier 

same 
heavier on 18.2.76 

same 

73. 



female sub-imagines were slight:ly heavier than female emergent length 

nymphs (an unexplained result). Few male imagines were collected, so 

only samples of female imagines were analysed and these had a dry weiqht 

less than half t:hat of female emergent length nymphs. Khoo (in Hynes, 

1970) found there was a decrease in the size of adults in a stonefly 

species as the emergence period progressed but no such tendency was found 

with Deleatid-Z:wn sp. E in the Blue Stream. In fact, female nymphs in 

February were heavier than those in September. 'l'he mean dry weight for 

Deleatidiurrt sp. E as a prey item for the Black-fronted •rern was taken 

to be 6.3 mg, the mean of male and female dry weights excluding imagines. 

All other mayfly species found in Blue Stream surface drift were 

represented by nymphs not ready for emergence and/or imagines. The 

absence of sub-imagines and emergent length nymphs indicated that these 

species did not emerge on the stream surface and/or they were uncommon 

in.the stream. 

Deleatidium myzobranchia (Epheroptera) 

In common with the larger Deleatidium sp. E from Blue Stream, nymphs 

of this mayfly often underwent emergence while floating on the water 

surface. The peak emergence period in the Tasman, Ahuriri and Ohau 

Rivers extended from mid-September until the end of November with 

maximum numbers in late September. D. myzobranchia abundance was 

reduced during early December but relatively small numbers were present 

throughout summer and as late in autumn as April. This species followed 

a diurnal emergence pattern similar to that of Deleatidium sp. E but 

with a peak between 1400 and 1430 hours. 
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P lecopt.era 

Stonefly nymphs crawl to the water's edge before emerging (Hynes, 

1970). However, freshly emerged adults often fly onto flowing water 

and rest on the surface. Most stoneflies caught on Blue Stream during 

summer were adults, not nymphs. Adult Zelandobius furciUatus were 

seen in large numbers on the braids and riverbeds of the Ahuriri and 

Ohau Rivers from mid-August until the end of October. They were present 

75. 

in small numbers during June and July and thus first appeared approximately 

two months earlier than D. nryzobranchia. A tendency for the first 

stonefly adults to appear before the first mayfly adults in late 

winter has been recorded from a Canadian mountain stream by Sprules 

(1947). The annual peak in abundance occurred in late September but 

none were seen after late November. Z. furcillatus and D. myzobranchia 

were present in approximately equal numbers during September. 

Adult Z. furciZlatus were rare along Blue Stream until January and 

therefore had a different seasonal emergence pattern than along the 

Ahuriri and Ohau Rivers. This species accounted for approximately 

4% of the Blue Stream surface tern prey fauna during January and 

February but was second to Deleatidium sp. E in abundance during this 

period. Zelandoperla decorata (Fig. 25) was the most con~on large insect 

on the stream surface during winter and until Deleatidium sp. E numbers 

increased in late September. This species was also found along the 

Tasman River but was not recorded from the Ahuriri and Ohau Rivers. A 

third stonefly species, Zelandobius unicoZor, was found along Blue 

Stream and Tasman River in late winter and spring. 



Figure 25: ZELANDOPERLA DECORATA 

(length 15-20 mm) 

Adult, Blue Stream; January 1976. 

Adult stoneflies often flew onto the water after emerging 

at the stream's edge. 

In common with most insects on the stream surface, the legs are 

supported by surface tension and the body held clear of the water. 
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Other aquutic insects 

'J.'Wo large crepuscular species, though res·tricted in seasonal 

abundance and relatively small in number, were the only large aquatic 

insects along the Ahuriri and Ohau Rivers from mid-December until 

February. These were a large green stonefly, Sterz.operla pras-ina 

(Plecoptera), and the New Zealand Dobson-fly, Arahiahauliodes diversus 

(Neuroptera, Megaloptera). Neither species was found in Blue Stream 

or the Tasman River. S. prasina adults (length 30 mm) had an emergence 

period from November until February with a peak in December and 
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January (Winterbourn,l974). A. diversus adults (length 40 mm) emerged 

between November and February with a peak in late January (Hamilton, 1940) . 

Adult Philia segnis were common along the Ahuriri River and Blue 

Stream in November between 0900 and 1200 hours. This species was 

sexually dimorphic and most specimens collected from the water surface 

were males: mean length== 5.5 mm; dry weight= 0.6 mg; energy value = 

0. 01 kJ. 

Freshwater fish 

Listed below are fish species collected from the study sites. 

Maximum lengths attained (from Stokell, 1955) are given in brackets. 

Ahuriri and Ohau Rivers 

Galaxias vulgaris 

Gobiomorphus breviceps 

Salmo truttal 

(Salmo gail~dnerii 2 

Common River Galaxias (100-150 mm) 

Upland Bully (110 mrn) 

Brown 'l'rout 

Rainbow Trout) 



•rasman River at Lagoon Stream 

Gala:das vulgar-is 

Gob-z:omorphus breviceps 

Blue Stream 

Galaxias vulgaris 

Galaxias pr'ognathus 3 

Notes 

Long Jawed Galaxias (75 mm) 

1 Trout fry hatch in late winter and early spring and reach a length 
of approximately 100 mm when one year old (Stokell, 1955). 

2 Rainbow trout were not seen but have been previously recorded from 
these rivers (Ferris, 1974). 

3 G. prognathus is considered to be a rare species which has 
previously been recorded only from the Rakaia and Buller river 
systems. The maximum length given by Stokell (75 mm) was less 
than the length of one of the specimens collected from Blue 
Stream (~ 90 mm). 

Terns caught Galaxias 1which were lost before they could be 

swallowed on two occasions at Blue Stream. The fish, 100 and 110 mm 

long, were captured and dropped two and three times, respectively. 

These observations indicated that fish of this length were not 

successfully taken because they could not be held or manipulated 

in a tern's bill for sufficient time to permit swallowing. The 

longest fish seen successfully captured was an 80 mm c~ 5g) Upland 

Bully from the Ahuriri River. 

859o of the 68 fish seen capt,ured by terns from the Ahuriri River 

in November 1975 were identified as Upland Bullies (Fig. 26a). 'I'he 

remainder were either trout (Fig. 26b) or Galaxias, though some items 

30 mm or less identified as 'fish' may have been damsel-fly nymphs. 

78. 



TERNS ~nTH FISH 

(a) UPU\ND DULLY 

Tasman River at Lagoon Stream, November 1975. 

Approximate length = 50 mm. 

Diagnos·tic features: 

1. body circular in cross-section, 

2. dark colour. 

(b) 'l'ROUT 

Ahuriri River, January 1975. 

Approximate length = 70 mm. 

Diagnostic features: 

1. body laterally compressed, 

2. relatively light colour, often with darker vertical bands, 

3. only fish in river with a forked tail. 

(NOTE: adult tern in full summer plumage). 
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All the 20 fish seen captured from the 'rasman River were identified as 

Upland Bullies. Bullies in the Ahuriri and Ohau Rivers inhabited 

relatively slow flowing braids usually 0.1 - 0.5 m deep where they were 

often visible swinuning or resting on the shingle substrate. In the 

'I'asman River at Lagoon Stream Upland Bullies inhabited pools which were 

up to 2 m deep, considerably deeper than the braids of the Ahuriri and 

Ohau Rivers. 

Although trout were often visible from the water surface and 

therefore available to terns, they did not form a large proportion of 

the total number of fish caught probably because they were both less 

common and faster swin®ing than bullies. Trout less than one year old 

were however within the size range of fish taken by terns. 

Only two fish were seen to be successfully captured from Blue Stream 

(one, 40 mm, on 4.1.76; the other, 50 mm, on 8.2.76). Galaxias 2 spp., 

the only fish found in Blue Stream, therefore did not form an important 

part of the tern diet there. This low capture rate also indicated that 

Galaxias were probably not taken in large numbers from the other rivers. 

All fish captured by terns in the Ahuriri, Ohau and Tasman Rivers 

were regarded as Upland Bullies in order to simplify the analysis of 

tern daily food intake. 

Terrestrial Pr~y 

Black-fronted Terns foraged over three terrestrial habitats: shingle

bed, tussock grassland and farmland pastures. Bare shingle did not 

appear to support a large variety of potential prey species. Cicadas 

and occasionally skinks, Leiolopisma zelandica~ were captured during 

fine weather in sun@er (Figs 27 and 28). Cicadas which fell into the 

water were taken while they struggled on the surface. Black crickets, 
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Figure 27: CICADA, KIKIHIA MUTA 

Perched on shingle, Ohau Riveri January 1975. 

Corrunon on shingle-bed along the Tasman, Ohau and Ahuriri (length "" 20mrn). 

Rivers during fine days from December unt;il February with a peak 

in January. (A second species, Maoricicada cassiope~ occurred ln 

small numbers along the upper reaches of the Blue Stream) . 

K. muta was the largest insect species regularly captured 

by terns (fresh weight "" 200 mg) , and pieces of wing and carapace 

featured in tern regurgitated pellets. Cicadas were strong fliers 

and few were taken by terns in the air: Most were captured while 

perched on bare shingle. 



Figure 28: TERN FLYING WITH SKINK, LEIOLOPISMA ZELANDICA 

Ahuriri River, January 1975. 

Skinks were common during fine days on shingle-bed of the 

Ahuriri and Ohau Rivers from December until March. The earliest time 

in spring that a skink was captured by a tern was mid-November 

(18.11. 75). 

The mean length of 11 measured skinks captured by terns 

was 90 ± 5 rnrn (x = 92; s 13.2; range 70-110). Skinks were the 

longest prey species seen captured by terns but weighed less than 

equivalent length fish and formed only a small part of the tern diet. 
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1'eleogx•y7Jus sp. (Orthoptera, Gryllidae), prcE;ent on shingle--beds during 

August and Sept.ember were also taken. Fora~Jing over tussock grasr::lands 

was relat.ively rare and no observation was made of prey species .but 

adults of a lars_rc: crane fly, Lept;cri:arsus submorrtana (Diptera, Tipulidae), 

whose larvae fe.eds on t.ussock roots, were captured from the surface of 

Blue Stream, Ahuriri and Ohau Rivers from December until early March. 

Most tern feeding on land was done over farmland pastures. The 

main prey species recorded were earthworms (60-100 mm) and larval stages 

of the larger root-feeding insects. Insect larval mandibles, possibly 

of grass grub, Costelytra zealandica (Coleoptera, Scarabaeidae), were 

common in tern regurgitated pellets found at Ahuriri and Ohau resting 

places in January and February. Prey appeared similar at the three 

sites where terns were observed foraging over fields (Ahuriri River, 

Waitaki River between Duntroon and Kurow approximately 50 km from the 

mouth and the Waitaki rivermouth) and no seasonal differences in prey 

were noticed. 

The annual availability of avian prey in mid-Canterbury pastures 

has been investigated by Lobb and Wood (1971). Grass grubs were 

important during two periods: in November and December as adults and 
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from March until May when larvae were near the surface. Most invertebrates 

were more susceptible to avian predation when fields were flooded for 

irrigation purposes. Lowest insect population densities occurred during 

winter but this period was usually one of excess soil moisture and so 

earthworms and spiders were abundant and freely available. 

Flying insects 

Adults of most aquatic insects were slow and clumsy fliers and 

formed the bulk of flying prey captured by terns. Species often seen 



chased and captured while flying were DeZealidiwn sp. E, D. my:wbrancJr~:a, 

Btenopca' Za praD hw, Ze Zandob-z:u.s furci Z Zatus ~ PhiZ ia segn-Z:s and the 

t:errcstrial cranefly Lept;otarsus submontana. Most of these species 

were captured as they rose from the water after emergence or while they 

were swarming. Fast flying insects were usually not taken: e.g. 

butterflies which flew amongst foraging terns were not chased. During 

October and November, terns attacked swarms of wasps and rnot.hs which 

occasionally gathered around flowering gorse bushes on the Ahuriri River 

shingle-bed. Flying beetles were also chased and carapace remains of 

Manuka Beetles 1 Pyrono-ta fes-tiva (Coleoptera, Scarabaeidae), were found 

in tern regurgitated pellets at Blue St-ream in November and December. 

Marine Prey 

Samples to determine potential tern marine prey species were 

collected in July 1975 from plankton net surface hauls within Otago 

Harbour between Portobello Marine Station and the harbour mout-h and at 

sea within 8 km of the coast. Larvae of a mantis shrimp, Hete:t'osquiZZa 

spinosa (Crustacea, Stomatopoda), 8-12 mm long, predominated in most 

samples. These larvae, seasonally abundant in the local inshore waters, 

were spawned by adults in littoral. zones (Jillett, 1976). The only 

other common species was a planktonic euphausiid, Nyctiphanes australis 

(Crustacea, Euphausiacea) , 10-15 mm long. 'l'his species was seasonally 

abundant in continental shelf waters around New Zealand but relatively 

rare during the winter months (Jillett, 1976). Fish were rare in 

samples and therefore probably unimportant as tern prey in the harbour 

and surrounding ocean. 
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6. H.ELA'l'IONSHIP BE'I'WEEN 'I'Ti:RN FEEDING 

BEHAVIOUR 1\ND PP.EY 2\BONDl\NCE 

On fine days terns generally foraged over moving bodies of water. 

During spring and summer they concentrated over regions of rivers and 

streams, termed "feeding sites", which were visited daily in a 

predictable fashion determined by season, weather conditions and 

t.ime of day. The 40-60 terns along Blue Stream on fine days in 

December and January were restricted to within 500 m downstream from 

the roadbridge and concentrated at two feeding sites approximately 

200 m apart. These were both 40-50 m long and visited by 20-30 terns 

daily. Feeding sites along the Ahuriri and Ohau Rivers were highly 

variable in length (50-100 m) , separation (50-200 m) and number of 

foraging terns (5-70). 

Terns had a call which was regularly heard when they foraged in 

flocks. This non-repetitive call, either "ki" or "kit" appeared to 

be generally given by terns as they entered or left a foraging group 

and feeding terns tended to be silent. (The call sounded identical 

from both adult and immature terns but was more coarse frcm juveniles) . 

Regions exploited for food in coastal areas during winter were 

calculated from directions flown by terns to and from roosting sites. 

Eighty-five percent of the Otago Harbour tern population fed at sea 

and the remainder within the harbour (Table 11). A similar result was 

obtained at the Wait.aki River mouth from 9.5 hours observations: 71% 

fed at sea; 16% upstream over the Waitaki River and 12% over neigh

bouring farmland pasture. Wait.aki River mouth and the Tasman River 

at Lagoon Stream were the only study sites where a relatively large 
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Table 11: TERN MOVEMENT TO AND FROM ARAMOANA 

Observations made 0945-1645 hours on 4.6.75 (fine weather; 

no wind; low tide approximately 1400 hours). 

No resting terns were seen after 1530 hours. 

·---------·-------------
Time (hours) Tern numbers to and Tern numbers to and *Naximum 

from from harbour number of sea 
resting 

Arriva1s Departures Arriva1s Departures ·terns 

1000-1100 9 7 6 3 14 (0) 

1100-1200 8 13 1 0 20 (0) 

1200-1300 15 8 1 3 2 (2) 

1300-1400 33 13 1 2 44(4) 

1400-1500 3 22 0 6 59 (6) 

5 hou.r totals 68 63 9 14 

* Numbers of immatures given in brackets: included in totals. 

The number of Black-fronted Terns which roosted at Aramoana, the only 

roosting site in Otago Harbour, was reasonably constant during June and 

July 1975: approximately 60 including 5-7 immature birds. 



number of terns regularly foraged over land for long periods during 

fine weather. At the la·tter site durin9 October and November, feeding 

over land accounted for 25% of foraging terns with the remainder over 

river braids. 

Terns gem~rally rested in groups on bare shingle or sand near 

water when not feeding. Individual distance was usually 1-2 m but 

birds were often more tightly grouped in strong vrinds. No terns were 

seen to rest on water, vegetation (including grass) or snow, but 

they sometimes rested for short periods on freshly ploughed fields where 

other terns were feeding. 

Resting places were uqually on flat open ground, often islands, 

which provided little protection against wind and :cain but accorded 

good visibility over the surrounding terrain. They were generally 

situated in a region where terns foraged during the day (Fig. 4(c) ). 

Resting places tended to be used consistently from day to day, though 

not all were utilized as overnight roosts. Groups of terns at relatively 

isolated sites, such as Blue Stream, Waitaki River mouth and Otago 

Harbour had two or three preferred resting places, each with 5-20 

individuals, but the whole group in the area (30-50 individuals) roosted 

together at night. The breeding colony studied (Ahuriri River) had a 

roosting place at its centre which was also occupied during the day by 

resting terns. While at a resting place terns were seen preening, 

sleeping and also bathing in the shallows if the site was at the 

water's edge. During the pre-incubation period courtship activities and 

copulation were observed. 

Roosting places along rivers were usually within or adjacent to 

feeding sites, therefore time spent in commuting was minimal. However, 

terns did not roost in the vicinity of Blue Stream except in the 

breeding period (November - December) and only occasionally stayed 

overnight in the upper Tasman Valley. 'I'he nearest regule1rly used 
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roosting site was at the Tasman River mouth (Lake Pukaki) , approximately 

30 Jr.m south of Blue Stream, but bi:r:ds did not forage in this area. 

Roosting sites along the coast were also relatively distant from 

foraging areas. Terns which fed at sea off Otago Harbour flew up 

to 15 km from Aramoana (Fig. 29). 

Feeding activity and prey abundance on fine days 

Terns visited Blue Stream on most days from the beginning of 

December until mid-March, a period of high DeZeatldiwn sp.E abundance 

on the stream surface. From September to November and in April and 

May tern numbers in the Tasman Valley we.re low and concentrated 

along the western braids of the Tasman River between Lagoon and 

Birch Hill Streams. Blue Stream was visited only intermittently 

on fine days. Terns preyed almost exclusively on insects present 

on, or flying in the vicinity of, the stream. (An exception to this 

observation occurred from October until early Decewber when most 

B8. 

terns spent the first hour after their arrival foraging for flying 

insects above forest on the slopes of the Mount Cook Range. Regurgitated 

food pellets found during this period consisted wholly of Manuka beetle 

carapace remains). 

During December and ,January terns preyed almost exclusively upon 

insects present on the stream surface by contact dipping and capture 

of flying insects was negligible. Tern feeding activity and prey 

abundance on the stream surface on fine days are shown in Figure 30. 

Hourly DeZeatidium sp. E abundance was calculated from the catches of a 

surface drift sampler set in mid--stream at the roadbridge. Tern feeding 

activity was recorded at the feeding site 100 m further downstream and 

grouped in·to 30 minute intervals. The diurnal changes in both number of 



~tt&& 

'/////~/~ 

:~::K~F::::E:9::RNS N _,,~it> •• f 
0 ,.~,,, .. -··':·rf.-:.-::~": .. ..,:.~:.:.-:-;:;;:!~'~""%~ '/;~~~ ~~~/:'0. /0/ 

5 

l ~/ / ,,.,,·.·c.•.·'-'~ ';/ ~// I 5 // /: .,.,.".·'"" ' · / ' 

' • • ,km1 I _ ~/-",'~«{{~ :.h{ , / ~0~~ / ///.--· . ... / ............ / //. ;//"/ 

harbour intertidal flats 
(Hamel and Barr, 1974) 

• .·.:-:}!. .. -.~;·· / ··-?·-.:~:·:· R k / ~-~~ / / .•.. ,_ .. _.,. ____ .~-- oc s /: :/./' ... ·.• ·.-·. // ~ / 
/// :1 <-/ 

-~--,·r--·.: .. ·· // %· ~,- / .. ,,.,. .. / /_ / // ~~{·~(- /~ ~~-,//. 

.. ., ,,.,.~/ . .;;:t~·.;-:A 

Vr(-0-'fPMS -\~~:;!-~ ~~// 
... < u/~ ~~---~:::-' ./ // . ~ ,_ ':~ ~ ;;;:~ 

PM s Portobello Marine / ,>~1!' ,;;i~~~til~W ~. ··. ·.... ··. . jf;J}: ~ 
Station ,~·· '(c' ~- ~ ? 

~ foraging area 

roosting area 

• :.,t;: :::1 
,:;~ .. 

dfi¥· 
-~-:(~i~ 

~··'"4 .iitlft~, 
, .. ·•';,"" 

---

00 
~~ 

0 

(l) 

~ 



90. 

w 
u 
<( 
LL 
cr: 

100-::> 
Vl 

~ 
lL/ 

"' 1-
c.n 

"' E 
75 0 

0 

:::::. 
w 
d. 

" (:-: 
•) 

50 ._, 
c:; 
;, 
t-: 
"' '" '-1 ,,, 
"' LL 
0 25 
"' w 
C) 
~.: 
=> z 
z 
i5 
:>: 0 

25 

w 20 / \ f-

/ :::> z 
;: 

' ' Vl 

I -C> w 

"' w 15 "-
-' .......... ;': 

't 0 
~-

I :z: 
<( 
w 
:>: 10 

5 

0 
w 
1-
=> 15 z 
::;: 

' Vl 
z: 

"" w 
1-

10 <!I 
z 
~, 

;:';; 
0 
"-
lL 5 
0 

0: 
w 
co 
5 
:z: 

0 z 
<( 

'"' ::: ~--~~--~-----T-------,~----~,-----Tj---"--~r----~~R-~ 

1200 1400 1600 1800 
hours 

0800 1000 

Figure 30: DIURNAL CHANGES IN PREY ABUNDANCE, TERN FEEDING RATES 

AND TERN NUMBERS ON FINE DAYS AT FEEDING SITE 100m 

DOWNSTREAM FROM ROADBRIDGE, BLUE STREAM. 

MEAN VALUES FOR 6 DAYS: DECEMn[R (1975) AND JANUARY (1976). 

VfRTICfll [lt.flS 5HCJI.I HI\NGE OF lli\ILY Mri\N VIILUfS. 



feeding terns and their mean feeding rates altered with changes in 

abundance of emerging De leatid1:um sp. E. 

Diurnal variations in tern predation on insects were also recorded 

from the Ahuriri and Ohau Rivers between August and November. 

This period spanned t.he annual emergence of the stonefly ZelanddJb-z:us 

furcillah.!.s (August - October) and the mayfly Deleatidium myzobranchia 

(Sept:ember - November) which were usually the only common insects 

present both on and flying above the river surface. Terns congregated 

at feeding sites along t.he main braids for approximately four hours 

(1130-1530 hrs) on fine days but were scattered throughout the 

riverbeds at other times. From December until March both the abundance 

of aquat.ic insects and the number of terns along these rivers were 

relatively low and birds did not congregate at feeding sites. 

Feeding rates for terns along the Ahuriri River are suwmarized 

in. Table 12. An indication of the beginning of daily emergence in the 

two prey species was given by the time that the first flying individuals 

were seen: adult stoneflies usually appeared earlier in the day than 

mayflies. Maximum tern feeding rates on insects on fine days generally 

occurred between 1400 and 1430 hours (compared with 1100-1300 hrs at 

Blue Stream), with an annual peak in late September. These times 

reflected the diurnal and annual peaks, respectively, in the abundance 

of aquatic insects on the river surface. 

Figure 31 shows tern feeding activity on two fine days in November. 

Terns exhibited similar diurnal patterns in feeding rate, foraging 

behaviour and number feeding on these days which indicated that day 

to day changes in prey abundance were small during fine weather. Two 

types of foraging behaviour were employed for the capture of insects 

which contrasted wit.h Blue Stream during December and January where 

prey capture was rest.ricted to the \'Tater surface. Possibly, neither 

abundance of flying insects were sufficiently high to warrant the 
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Tab 1 e 12: FEEDING RATES OF TERNS ON INSECTS : 

AHURIRI RI\~R, 1975 

PERIOD OF ME&~ 
TIME FIRST FLYING 

~illXIMUM DIUPNAL FEED 

DATE OBSERVATION \'liND INSECT SEEN TOTAL ON WATER IN AIR 
(m/s) lfl.AYFLY STONE FLY TIME MEA!."! TIME MEA..l\f TIME MEA.c"J 

(a) SUNNY DAYS 

7.9.75 1280-·1700 6 not recorded 1400-1430 8.7 1400-1430 8.4 1430-1500 0.7 
10.9.75 1030-1630 7 not recorded 1400-1430 12.2 1400-1430 11.9 1330-1400 2.0 
22.9.75 0800-1730 2 1345 1145 1400-1430 22.3 1400-1430 21.6 1530-1600 1.4 
11. 10.75 1000-1600 2 1130 llOO 1200-1230 10.4 1200-1230 3.6 1200-1230 6.8 
17 .11. 75 0845-1900 2 1145 none 1400-1430 11.6 1730-1800 7.0 1400-1430 9.6 
23.11.75 0800-1930 4 1130 none 1400-1430 13.8 1700-1730 8.1 1400-1430 9.7 
14.4.75 1200-1630 1 not recorded 1430-1500 7.8 1430-1500 4.2 l430-l500 3.6 

{b) OVERCAST DAYS (8/10: sunny after 1500. 20/10: occasional sunny periods. Other days: continuous overcast. 

8.10.75 1100-1700 6 1515 1500 1600-1630 10.2 1600-1630 1.5 1600-1630 8.7 
19.10. 75 1000-1800 2 1230 1230 1530-1600 12.3 1530-1600 11.2 1530-1600 1 1 ........ ..t. 

20.1075 0800-1700 5 1045 1115 1130-1200 14.8 1130-1200 11.5 1400-1430 11.9 
17.6.75 1300-1600 0 none seen 1500-1530 11.0 1500-1530 11.0 none seen 

\0 
tv 



MEAN FEEDS/MINUTE 

(30 ~UNUTE INTERVALS) 

.6 ON loiATER 

Ill IN AIR 

• TOTAL 

MEAN NUMBER OF 

FEEO!NG TERNS 

(30 ~mlUTE INTERVALS) 

6 17.11.75 

0 23.11.75 

10~ e. 17 I 11 
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Figure 31:TERN FEEDING RATE ON TWO FINE NOVEMBER DAYS,1975. 8RIDGE...,150m DOWNSTREAM. AHURIRI RIVER. 
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exclusive attention of feeding terns along the Ahuriri Eiver. 

'11he opportunit:y arose to record t.he effect of light conditions on 

tern fcn·ac;in<J behaviour during a mainly overcast day with occasional 

sunny periods. A comparison of tern feeding rates between periods 

when the sun was shining and periods when the sun was behind cloud is 

presented in Table 13. Terns captured most flying insects during 

sunny periods but total feeding rates at these times were generally 

less than during overcast periods because insects on the water could be 

captured at a faster rate. More flying insects were visible during 

sunny periods but this was not caused by an increase in their 

abundance because the duration of sunny periods was less than 10 minutes. 

Therefore, the availability (= visibility) I but not the abundance, of 

flying insects was increased during sunny periods. 

On fine days from mid-February terns foraged along Blue Stream 

near Blue Lakes instead of further downstream and there was a change 

in foraging behaviour. Although DeZeatidiwn sp. E remained the main 

prey species, almost all were captured while flying instead of from 

the stream surface (Fig. 32). Values for prey abundance and tern 

feeding rates were both approximately half the respective values from 

further downstream in December and January but the pattern of diurnal 

changes were similar (Fig. 30). 

'l'hese changes in foraging behaviour and feeding site were attributed 

to three causes. Cicadas, the heaviest insects regularly taken by 

terns, reached their peak annual abundance in February and were more 

common near Blue Lakes than at the roadbridge. 'I'heir respective 

2 numbers reached daily peaks of 1.3 and 0.8 per 100m of stream surface 

between 1200 and 1500 hours. 'I'he Blue Lakes region was relatively 

sheltered from the prevailing north-west winds with wind velocities 

usually less than half those .from further downstream. Black wasps, 



TIME INTERVAL (a) 

START FINISH n 

FEEDS ON HATER 

1115 1140 7 
1215 1245 5 
1315 1345 10 

FEEDS IN AIR 

1115 1140 7 
1215 1245 5 
1315 1345 10 

TOTAL FEEDS 

1115 1140 7 
1215 1245 5 
1315 1345 10 

Table 13: EFFECT OF LIGHT CONDITIONS ON TERN FEEDING RATE 

Ahuriri River near Mouth, 20.10.75 

NUMBER OF FEEDS PER MINUTE 

SUN SHINING (b) SL~ BEHIND CLOUD 

x 
\) t 

n X 

3.6 7 19.0 12 4.9 
4.0 19 8.4 22 3.4 
2.0 12 1.2 20 1.5 

6.4 7 0.6 12 6.8 
2.4 19 1.0 22 1.8 
5.4 12 l.l 20 5.1 

10.0 7 19.6 12 3.3 
6.4 19 9.4 22 2.5 
7.4 12 2.3 20 9.4 

p 

<0.001 
<0.005 
<0.02 

<0.001 
<0.10 
<0.001 

<0.01 
<0.05 
<0.001 

(b)> (a) 
(b)> (a) 

ns 

(a)> (b) 
(a)> (b) 
(a)> (b) 

(b)> (a) 
(b)> (a) 
(a)> (b) 

\..0 
(Jl 
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PodagJ>itus (Pal'enchuca) 2 spp. (Hymenoptera, Sphecidae\ and one 

unidentified fly species (Diptera, Huscidae) were common downstream 

from the roadbridge and captured nearly all mayfly sub-imagines seen 

at the stream edge. 1\bundance of these predators was lower near Blue 

Lakes, possibly because this region lacked hare shingle on which they 

perched, so the number of mayflies which reached the flying stage may 

have been greater. 

Another situation where terns fed mainly on flying insects was 

recorded on fine and calm evenings at feeding sites along the Ahuriri 

River in October and November. The prey sought were D. myzohPanchia 

imagines which swarmed in large numbers within 10 m of the river 

surface and surrounding shingle. Swarming began at sunset but numbers 

visibly increased approximately one hour 1ater just before dark. On 

8/10/75, the number of feeding terns increased from two at sunset to 

17 at dark and their rates of prey capture over this period is shown 

in Table 14. 

Table 14: FEEDING RATES FOR TERNS CAPTURING D. MYZOBRllNCHlA 

H1AGINES AT DUSK 

Feeding site 150 m downstream from Ahuriri River bridge; 

8/10/75 

Time interval 
Number of Mean feeds/ standard 

(hours) 
minute records minute deviation 

1800-1830 17 7.0 2.1 

1830-1855 18 6.4 2.4 

1855-1915 7 16.1 4.3 

sunset ~ 1800 hours; dark ~ 1915 hours. 



Ten1 feeding rate increased drmna tically after 1855 hours to the 

highest rate in air recorded from any site during this study. Swarming 

mayflies appeaxed to be in sufficient abundance to make search time 

for prey negligible, so this figure of 16 feeds/min. may represent 

98. 

the maximum possible feeding rate in air for Black-fronted Terns. However, 

dusk was not an important period in the daily tern feeding pattern 

because suitably calm evenings rarely occurred. A strong wind (often 

up to 15-20 rn/s) blew along the Ahuriri River for approximately two 

hours around dusk on most days regardless of previous wind conditions. 

Feeding activity on wet days 

Tern foraging patterns differed between fine and wet days. Feeding 

activity along the Ahuriri River on two consecutive September days with 

different weather conditions is shown in Figure 33. This was the month 

of peak nunli)ers for both D. myzohranchia and Z. furcillatus and tern 

feeding rat.es between 1400 and 1430 hours on the fine day were the 

highest recorded from this site. Birds congregated between 1200 and 

1530 hours at feeding sites along the main braids but were dispersed 

throughout the riverbed at other times when fish were hunted in 

addition to insects. Emergence of aquatic insects was negligible on 

days with continuous rain: terns did not congregate along the main 

braids and their feeding rates throughout the day were comparatively 

low. '!'here was a general movement of terns from riverbed to fields 

(with an associated change in diet from aquatic to terrestrial species) 

on such days. 

Terns which fed along Blue Stread did not show a change in 

foraging habitat, but were present along the stream longer on wet days 

(n = 13 days; x = 6.3 hours; s = 1.08) than on fine days (n ; 12; 
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x = 5.4; s = 0.75) (t-·test: v'"" 23; t"" 2.50; p < 0.02) in December 

and January. Examples of feeding rates on wet days are shown in Figure 

34 from daily observations nea:r: '.::he roadbric1qe between 0800 and 1900 

hours. Feeding rates on days with con·t:inuous rain did not show distinct 

diurnal peaks and had maximum values of 5-6 feeds/min. compared wit:h 

20-25 for fine days in the same months. Values on days in which rain 

stopped by early aft.ernoon were intermediate between these two extremes. 

Diurnal changes in tern feeding rat:es at Blue Stream followed changes 

in abundance of Deleatidium sp. E v7hose emergence was delayed and/or 

suppressed on ove:r·cast or wet days (Fig. 24) . Similar tendancies were 

recorded at the Ahuriri River (Table 12 (b) ). 

Relationship between tern feeding rate and 

Deleatidium sp. E abundance at Blue Stream 

Both the daily abundance of Deleatidiurn sp. E on the surface of 

Blue Stream and the maximum daily tern feeding rate on water near the 

roadbridge during summer were related t~o maximum daily air 

temperature (Figs. 35 and 36). These results were compatible with 

the hypotheses that the number of Deleatidium sp. E which emerged 

each day was dependent on weather conditions and that tern feeding 

rate varied with mayfly abundance. 
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Figure 37 shows the relationship between tern feeding ra·tes and 

Delea·tid-Z:um sp. E abundance. Each point on these graphs represents 

the mean tern feeding rate and mayfly abundance on the stream surface 

at hourly intervals during fine days. 

The two vertical lines labelled as "thresholds" represent the rnEOan 

values of mayfly abundance during the first and last hours of tern 

feeding on these days. Figure 37 (a) shows tern feeding rates on water 

on six fine days during December and January (a period when insects on 

the stream surface were the main prey) and mayfly abundance at the 

roadbridge. This relationship is approximately linear above the 

threshold value and no plateau in feeding rate is apparent over the 

recorded range of mayfly abundance. Tern feeding rates in air on three 

fine days in February (a period when flying insects were the main prey) 

were related to the abundance of DeZeatidium sp. E on the stream surface 

near Blue Lakes (Fig. 37(b)). These values were more scattered than in 

the case for feeding on water but there was probably a delay between the 

emergence of mayflies on the water surface and their cormnencemen·t of 

flight. 

Lack of data for insect abundance on the stream surface prevented 

a quantitative comparison between tern feeding rates and insect 

abundance on wet days, but a difference in the styles of prey capture 

was observed at the roadbridge. As the feeding rate on water by contact 

dipping decreased, the rate of prey capture by plunging to surface or 

alighting at stream edge increased (Figure 38) The abundance of 

emerging mayflies was low during wet weather. Terns captured mayfly 

nymphs which emerged at the stream edge on sub-imagines which sheltered 

among rocks and so the number of prey items available was increased. 

Insects below the strea~ surface were also taken. These were mainly 

mayfly nymphs rising to emerge on the surface and small nymphs in the 

104. 



V> 
--' 

"" > 
"' ,.., 
~-z 

ul 
=~ := 
"" ::J 
C> 
::t: 

w 
g 

cr: 
Lu 
1-
<( 

"' z 
0 

w ·-E .. -... 
V) 
C> 
w 
w 
U-

~ 
"' ::::.: 

V) 

-' 
<( 
> cr: 
w 
1-
::: 

w ... -
;::; 
cr: 
::> 
0 
::1: 

w 
:z: 
!'?. 
cr: 

< 
~ 
w 
1-
::> 

"" ;: -... 
V) 
0 
w 
w 
"-
z 
<( 
w 
::>:: 

22 

20 
I 

18- I@ 

16. I @I 

I 
® 1 4. ~ 

. ... ~ill~ f> 
I @ 

12 I 
REGRESSION LINES: v = 22 

10 I LINEAR y 8.95 + 0.14x 

8 0 r c 0.8GG p < 0.001 

e 
6 CURVED y 3.Slx0.39 

4 I r = 0.8<l3 p < 0.001 

T I 
2 

0 f 

0 10 20 30 40 50 60 70 80 90 100 

NUIIBER OF DF:LEATIDIUM spE/lOOnl STREA!ol SURFACE/HOUR 

(a) FEEDING ON WATER 

10 

8 

6 REGRESSION LINES 

LINEAR y = 4.57 + 0.05x 

4 r c 0.556 p < 0.05 

CURVED y = 2.16x
0

• 30 

2 
T --

r c 0.607 p < 0.05 

o- ' I ~-· 
...., - 1 

0 10 20 30 40 50 60 70 80 90 100 

NUMBER OF DEL8ATIDIUM spE/lOOm2 SlREAM SURFACE/HOUR 

(b) FEEDING IN AIR 

Figure 37: RELATIONSHIP BETWEEN TERN FEEDING RATE AND ABUNDANCE 

OF Deleatidium sp.E ON THE SURFACE OF THE BLUE STREAM 

(a) Situation where mean feeding rate on water , mean total feeding rate. 

Six fine days, 31.12.75- 23.1.76 at feeding site 100 metres downstream of roadbridge. 

(b) Situation where mean feeding rate in air , mean total feeding rate. 

Three consecutive fine days, 15- 17.2.76 at feeding site near Blue Lakes. 

T =THRESHOLD " ~rean density of DeleatidiW'I sp. Eon the stream surface (± one standard error) 

during the hour of initiation or cessation of feeding by terns. 
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stream drift. ('l'he nwnber of small mayfly nymphs in the stream drift 

was reasonably constant in all weather conditions). 

Insects at the stream edge or below the stream surface were generally 

not taken when the total feeding rate on water was relatively high (> 12 

feeds/minute) . Both plunging to surface or alighting at the stream edge 

involved a disruption of tern flight, so the time between sighting and 

swallowing of prey was longer than in insect capture by contact dipping. 

·Plunging to surface or alighting at stream edge were therefore less 

efficient than contact dipping if insects were highly abundant on the 

stream surface. 

Seasonal changes in tern diurnal activity 

Concentrations of terns at feeding sites along streams and rivers 

followed predictable diurnal patterns which matched periods of high 

aquatic insect abundance. Although DeZeatidiwn sp. E was cor.unon at 

Blue Stream until April, D. myzobranchia was rare along the Ahuriri 

and Ohau Rivers after late November and terns over river braids 

generally hunted alone after this time. No diurnal variation in 

preferred foraging habitats along these rivers was apparent bet\veen 

December and March (by which time most birds had departed for the coast) . 

The prey species were larger but relatively scarce compared with 

D. myzobranchia in September. StenoperZa prasina adults emerged at 

the water's edge before dawn and were taken in large numbers at this 

time. Fish were the main prey during daylight hours but cicadas and 

skinks perched on shingle on fine days were also captured. ArchichauZiodes 

diversus was active at dusk (Hamilton, 1940) and taken after sunset. Terns 

also foraged over slower flowing braids banked by rushes and sedges for 

fish, adult craneflies and damselflies as well as over grasslands adjacent 
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to the riverbeds. 

Terns from Aramoana often fed in flocks and were attracted to 

areas of water both within Otago Harbour and at sea which experienced 

upwelling (Fig. 29). These feeding sites were visited in a predictable 

pattern based on tidal conditions rather t.han time of day. Up to 18 

birds collected over the breakwater off Wellers Rocks near t:he harbour 

mouth for approximately three hours around mid-tides during daylight 

hours (Fig. 39). Water flowing over the breakwater was shallower than 

over the surrounding harbour, therefore velocity of the tidal current 

increased and planktonic prey, primarily HeteroquilZa spinosa,became 

concentrated near the surface (Fig. 40). 

water surface 

• • • • • • • • • • • • • • 
~~ •(; • • • • ~ • • • • • • • • • • • • • • • • • • • ~ • • • • • • • • • • • • 

• • 
• • 

• • • • • • • • 

• • • ;/. .~ • • • 
~ • • < 
• • • • • • 

Figure 40: DIAGRAMMATIC REPRESENTATION OF PLANKTON CONCENTRATION AND 

CURRENT VELOCITY OVER A BREAKI~ATER 

• plankton; relative current velocity. 
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Figure 39: TERNS FORAGING OVER SUBMERGED BREAKl~ATER 

Incoming tide at Wellers Rocks, Otago Harbour, July 1975 . 

Tern foraging behaviour here resembled that recorded from inland 

feeding sites during periods of high aquatic insect abundance. 

Birds constantly changed direction and individuals generally 

foraged over only 20-30 metres of breakwater. Plunging to surface 

accounted for one-third to one-half the attempts at prey capture 

(the remainder by constant dipping) , so many prey items were taken 

from below the water surface. 

!09. 



110. 

7. TERRI'i'OIUALITY AND FISH HUNTING 

A tern was considered to be territorial if it attacked other terns 

which attempted to feed in the region where it was fora<JinSJ. Such a region 

was always over water and defined as a "feeding territory". This 

section is based on data collected during seven days (6-13/2/76) from 

a feeding territory 30m long at the roadbridge, Blue Stream. No 

results for prey abundance were obtained because terns spread along the 

stream on days when they were territorial and fed in front of both 

surface drift samplers. 

Terns held feeding territories along Blue Stream only during wet 

weather. The mean feeding rate during territorial feeding (n = 45 

30-minute intervals; x = 6.2 feeds/min; range 0.8 - 10.6) was significantly 

less than during non-territorial feeding (n = 23; x = 11.6; range 4.1 - 19.3) 

(t-test: v = 66; t = 6.76; p < 0.001). Birds therefore became territorial 

during periods of low prey abundance. Figure 41 shows the number of 

feeding terns was strongly correlated with their mean feeding rate and 

was greater when this region was undefended (mean = 4. 3) than when it was 

defended (mean = 1.5). (Terns usually concentrated at the feeding site 

100 m further downstream when feeding rates were above 10-12 feeds/min; 

so records of rapid feeding at the roadbridge were relatively scarce) . 

A region of stream was defended by a tern only while it was feeding. 

When it departed another bird usually took its place and also became 

territorial. Territoriality was not restricted to adults: both immature 

and juvenile birds were seen to attack all intruders. Times spent 

holding territories (Table 15) were highly variable (0.3 - 4.4 hours) 

and the number of samples small, so no comparison between age groups 

could be made. The roadbridge territory was most often occupied by an 
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Table 15: TIME (MINU'rES) SPEN'r BY 'I'EH.IU'l'ORIAL 'I'ERNS AT H.OADBH.IDGE 

6 days, February 1976. 

n X RANGE s 

ADULT 5 110 32 - 266 99 

IMMATURE 13 71 15 - 183 54 

JUVENILE 1 53 

------------------------------------------------------------

ALL 19 80 15 - 266 67 

112. 



inunature tern but the total number of birds involved was not determined 

because individuals of the same age group could not be diffe1~ent.iated. 

A ten:.·itorial tern generally began calling (rapid "kit" or "ki-kit" 

calls) when another tern approached within 50 m of its feeding 

territory. The intruder usually remained silent. Feeding of the 

territorial tern was not disrupted if a non-territorial tern flew 

through its territory and did not. stay to feed. However, most non

territorial terns stopped to feed in territories until they were 

attacked. Most attacks were made as an intruder rose from the water 

after capturing a prey item. The territorial tern emitted a loud "kror" 

and dived at the other from behind, often hitting the intruder with bill 

or feet. A tern usually left the territory after being attacked. The 

regression line illustrating the relationship between ntwilier of attacks 

made by a territorial tern and the number of others feeding in the 

territory indicates that there was approximately one attack per minute 

on each intruder (Fig. 42). Terns of all ages appeared equally 

efficient at driving off intruders. 

The time spent calling by a territorial bird when another tern was 

113. 

in the feeding territory was recorded as seconds calling per minute, 

calculated by progressive estimates during individual minutes, and placed 

into three tirne classes (1-5, 6-10 and >10 seconds calling/min). These 

records were used to construct tables to determine the relationship between 

number of attacks and number of seconds calling per minute by territorial 

terns (Table 16 (a) ) . x2 values calculated for individual terns and 

totals from the three age groups were significant for each age group (Table 

16 (b) ) . A direct relationship therefore existed between the amount of 

calling by a territorial tern ·and the number of attacks it made on 

intruders into its territory. Totalled results for adult and immature 

birds were convared to find if the amount of calling per attack differed 
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Tab·le 16: RELI\TJONSHIP BET~IEEN SECONDS CALLING AND NU~,1BER OF ATTACKS 

BY TERRITORIAL TERNS AGAINST OTHERS FEEDING ~JITIHN THE 

TERRITORY. 

Roadb:cidge, Blue Stream. 

(a) 'I'ABLES OF TO'l'ALLED RESULTS FOR 'I'ERRI'I'ORIAL TERNS OF DIFFEREN'l, AGES. 
----M~-----

Seconds calling/minute 

JUVENILE 
1-5 6-10 >10 TOTALS 

1 Tern 
attacks/ 0 1 3 0 4 
minute 

1 1 1 4 6 

>1 0 0 18 18 

'I'OTALS 2 4 22 28 

I~!A'I'URE 
0 68 53 48 169 

7 Terns 
1 14 29 58 101 

>1 5 15 57 77 

TOTALS 87 97 163 347 

ADULT 

3 Terns 0 30 8 5 43 

1 6 13 10 29 

>1 4 10 13 27 

TOTALS 40 31 28 99 

continued/ ... 



Table 16: RELfiTIONSHIP BET\~EEN SECONDS CALLING AND NUHBER OF ATTACKS 

BY TERRITORIAL TERNS AGAINST OTHERS FEEDING \~ITHIN THE 

TERRITORY. 

Roadbridge, Blue Stream. 

(b) RESUL'l'~' OF X2 'l,ABLES F'OR INDIVIDUAL 'I'ERHITORIAL 'l'ERNS (V 4) 

'l,ERN AGE SAHPLE SIZE p 

JUVENILE 28 21.05 < o. 001 

IHMATURE 14 10.67 <0.05 

26 6.97 > 0.10 

39 9.46 <0.10 

51 7.60 >0.10 

55 8.63 <0.10 

58 13.40 <0.01 

104 27.22 <0.001 

Inunature tern total 347 60.61 <0.001 

' 

ADULT 13 3.78 >0.10 

14 6.56 >0.10 

72 24.52 <0.001 

Adult total 99 28.91 <0.001 

(c) EFFECT OF AGE (v = 3) : ADULTS COMPARED HITH IHMATURE TERNS 

(Comparisons were not made with juveniles because results for this 

age group were from only one bird). 

NUMBER OF ATTACKS x2 p 

0 12.66 <0.01 

1 4.38 >0.10 

>1 6.15 >0.10 
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wit.h age of the territorial tern (Table 16 (c) ) . Only the results 

for minutes with no att.acks were significantly different between these 

two age groups. 1\lt:hough rates of attack upon intruders were similar, 

territorial imma.ture terns called longer than adults during periods when 

no attacks took place. 

Differences in the feeding rates of territorial terns between minutes 

in which no at.tacks were made and minutes in which attacks were made 

are graphed in Figure 43 for hourly intervals. The feeding rate of a 

territoria~ tern was reduced (by approximately 30%) if attacks were 

made on intruders because attacks necessitated a cessation of feeding. 

If another tern was allowed to feed freely within the territory there 

may have been a reduction in the available prey per tern, so that each 

had a lower feeding rate than a lone tern. 

117. 

Although terns were territorial along Blue Stream only during wet weather, 

territoriality was recorded at other sites whenever food was relatively 

scarce: e.g. the first terns to arrive at Wellers Rocks in each tide 

cycle became territorial and defended 50-80 m of breakwater but 

aggressive behaviour ceased when more than 6-8 birds were present. The 

largest feeding territories recorded were along the Ahuriri and Ohau 

Rivers on fine days in January and February. They were 400-600 m long, 

included several braids across their width, and terns generally followed 

a constant course amongst braids while foraging. 
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During periods of low daily insect abundance on the surface of the 

Ahuriri River between September and November, many terns foraged along 

defended regions of shingle-bed over minor braids. (The remainder left 

1.19. 

the riverbed to forage in flocks over fields). Each bird had a feeding 

range 200 - 300 m long, separated from its neighbours by 50 - 100 m, and 

approximately half this range was defended against intruding terns (average 

four times per hour) . A tern foraged continuously during the time it was 

present (i.e. 2-3 hours before 1130 hrs and 2+ hours after 1500 hrs) but 

territories were disbanded when birds congregated along main braids to feed 

on emerging insects. 

Feeding rate on insects was low within the feeding range: the main 

prey item of terns foraging over minor braids was fish. Terns flapped 

with slow shallow wingbeats, the characteristic stroke when hunting fish. 

A foraging tern often ceased horizontal flight and began to hover. This 

probably occurred whenever a fish was seen, but only 40% of fish seen 

were attacked (from Table 17 = n (0 dives) + n (total) when n = number 

of hovering sessions observed) . No relationship was apparent between the 

time spent hovering and the number of dives per fish. 

The mean feeding rate on insects for a tern over minor braids (1 feed/ 

min. Table 18) was considerably less than for a tern over a main braid 

at the same time of day (3-7 feeds/min. : Figs 31 and 33). This 

difference was attributed to a greater search rate for terns feeding over 

a main braid. Not only was the current velocity higher in main braids 

but the greater braid width probably resulted in birds feeding there 

having a larger area of river surface under observation lateral to 

the direction of flight. 
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Table 17: RE:LA'riONSHIP BETvvEEN SECONDS SPENT HOVEIUNG AND NUMBER OF DIVES 

PER FISH SEEN. 

Territ:or.ial first summer immature t:ern; Ahuriri lhver near mouth, 20.10. 75 

----------------------------
Number of 

Dives 

0 

1 

2 

3 

n 

7 

2 

2 

1 

min-max mean 
--------

2-6 4.5 

2-2 2 

7-15 11 

11 

An indication of the number of fish caught while feeding over minor braids 

is given in Table 18. 

Table 18: RATE OF FISH CAPTURE 

Territorial first summer immature tern(s); Ahuriri River near mouth. 

Minutes Fish Fish Total Feeds/min on Date 
Recorded Attacked Caught Dives insects 

minutes mean 

8.10.75 80 25 3 38 67 1.11 

11.10. 75 15 5 1 8 23 1.87 

20.10.75 22 4 0 6 22 0.18 

'l'OTALS 117 34 4 52 112 l. 08/min 

The tern had a success rate of two fish caught per hour with a 

mean of 13 dives per fish caught. This was equivalent to approximately 5% 

of fish seen and 12% of fish attacked. 



Figure 44 shows a comparison of length distribution be·tween Upland 

Bullies caught by terns and those potentially available to terns along 

the Ahuriri and 'rasman Rivers, ("Available" fish were defined as fish 

visible within 0.4 metres of the surface and therefore potential prey 

for terns. Samples of available bullies vvere easily captured by handnet) . 

The mean length of available Upland Bullies was greater in the Ahuriri 

River (v"' 121; t- 6.79; p < 0.001: all t-tests were made from original 

data) . This difference was caused by habitat differences between the 

two sites. Black-fronted Terns could dive to a maximum depth of 0.4 m 

(page 55) so fish in deeper water were unavailable. Most minor braids 

in the Ahuriri River were relatively shallow so the length distribution of 

available bullies probably reflected that of the population in the river. 

The pools in the Tasman River at Lagoon Stream were relatively deep so 

only bullies around the edges were available and most bullies longer than 

50 .mm were observed to be in water beyond the depth reached by a diving 

tern. The mean length of available Upland Bullies in the Tasman River at 

Lagoon Stream was therefore less than that for the population of the 

region. 

The mean length of captured Upland Bullies at the Ahuriri River 

was less than the mean of available fish but the reverse situation was 

121. 

recorded from the Tasman River. However, there was no significant difference 

between the mean length of captured bullies at the two sites (v = 92; 

t = 1.14; p < 0.2). Almost 20% of available bullies in the Tasman River 

at Lagoon Stream were 15-25 mm long but no fish in this length class 

were seen carried by terns. Terns therefore appeared selective with 

respect to minimum length of fish captured but this may have been a result 

of an artefact in sampling technique. The length of fish captured in the 

Tasman River was usually estimated for fish seen during aerial displays 

whereas most captured fish at the Ahuriri River were fed to chicks in 
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the colony. n: is possible that fish 15-25 nm1 long were captured at the 

Tasman River but were swaJ.J.owed immediateJ.y and not utilized in fish-flights, 

whereas fish of all lengths were fed to chicks. 

The Telationship between fresh weight and length of UpJ.and Bullies 

is given below where L == length in mm; F! = fresh weight in mg and Lc and We 

equal mean length and weight,respectively,of captured buJ.lies: 

.v r regression Lc ~lc 
line 

Ahuriri River 53 0.992 w 0.002.L 3 • 44 40.3 666 

Tasman River 66 0.994 w 0.003.L 3 • 37 43.5 997 

Average of two sites -- 832 

The average weight of captured fish from both sites was 0.8 g. 

Energy value was calculated as 4.5 kJ per gram fresh weight from 

results for small fish in Cummins and Wuycheck (1971), equivalent to 

approximately 4 kJ per captured fish. 



8. TERN ENEHGETICS 

Dai~y energy ~nt:ake 

Tern activity along Blue Stream was recOJ::ded between 1100 and 1500 

hours (the daily time interval when the numbers present were relatively 

constant) for fine days during December and January (Table 19) . Birds 

rested for most of this period and time spent feeding was greatest 

between 1100 and 1300 hours. The number of feeding and resting bouts 

per hour was inversely related to the duration of both resting bouts 

(v = 2; r = -0.97;p < 0.05) and feeding bouts (V ~ 2; r = -0.96; 

p < 0.05) and decreased as the day progressed. These results indicate 

the possibility of a relationship between the number of feeding and 

resting bouts per hour and feeding rate because both values were maximum 

between 1100 and 1300 hours. 

Terns did not rest when along Blue Stream in the vicinity of Blue 

Lakes on fine days in February and March. Foraging was interrupted 

only by swerve-flights approximately twice per hour, together with less 

frequent high-flights, so terns fed almost continuously when in this 

area. Intervals of continuous feeding were longer on wet days than 

on fine days (Table 15) and terns were seen on the ground only twice 

during rain which indicated that breaks in feeding were rare. Time 

spent feeding was therefore approximately equal to the period they 

were present along Blue Stream. 

Data used to determine the number of prey items caught per day 

during fine v1eather are shown in Table 20. The mean number of 

feeds/min. was multiplied by the respective mean number of minutes 

each hour spent in feeding and hourly totals were summed to give 

mean daily tern intake (Table 21). Results for days with continuous 

124. 



Table 19: DIURNAL VARIATION IN TERN ACTIVITY AT BLUE STREAM 

7 fine days at feeding site lOOm downstream from roadbridge, 21/12/75 - 23/1/76. 

(a) number feeding: 

{b) number resting: 

(c) resting bouts: 

mean 

standard deviation 

% of total 

mean 

standard deviation 

% of .total 

number recorded 

mean duration (mins) 

standard deviation 

(d) mean number of feeding and resting bouts 

[calculation = (b) % + 100 x 60 + (c) mins ] 

{e) mean duration of feeding bouts (mins) 

[calculation= 60 + (d) - (c) mins]. 

1100-1200 

7.3 

3.2 

45 

9.0 

4.8 

55 

39 

5.7 

3.6 

5 . .8 

4.6 

Time (hours) 

1200-1300 1300-1400 

8.0 8.0 

4.1 2.2 

40 37 

12.0 13.4 

3.7 4.9 

60 63 

43 55 

8.3 10.7 

5.1 7.3 

4.3 3.5 

5.7 6.4 

1400-1500 

6.4 

2.9 

32 

13.9 

5.1 

68 

54 

12.2 

7.1 

3.3 

6.0 

I-' 
tv 
V1 



rain were calculated for an uninterrupted Jnean rate of 5 feeds/min. 

Number of pJ:0!Y captured per day (estimated range: 1800-2100) and daily 

energy intake (estimated range: 250-300 kJ) were reasonably constant 

126. 

and independent of weather conditions, feeding site and foraging behaviour. 

An inverse relationship therefore existed between mean daily feeding 

rate and time spent feeding by terns at Blue Stream. 

Foraging terns were visible along the Ahuriri River from 0900-1000 

hours until sunset on fine days between September and November. This 

period (8-10 hours) was longer than the equivalent time spent at 

Blue Stream (mean 5.5 hours). There was also a change in insect 

prey species available from the river surface over these months. 

Both DeZeatidiwn myzobranchia and ZeZandobius furciUatus were 

abundant in September but the latter species was rare by November. 

A diurnal differentiation in available species was apparent in November: 

PhiZia segnis was abundant before, and D. myzobranchia after, 1200 hours. 

In order to simplify analysis of tern intake on fine days, the mean 

values for insect prey on the river surface were taken as averages of 

D. myzobranchia and Z. furciZZatus from Table 9 i.e. dry weight = 2.4 mg; 

energy value 0.05 kJ. 

Both species were considerably smaller than DeZeatidium sp. E, 

so between 5000 and 6000 individuals were required per tern if daily 

intake was similar to terns at Blue Stream (equivalent to 3600-4300 

D. myzobranchia or 8300-10 000 Z. furciZZatus). A maximum value for 

the number of insects caught per day was calculated by summing the 

mean total for each 30 minute interval shown in Figures 31 and 33: 

22.9.75: ~ 4300 insects; energy value~ 215 kJ 

17-23.11.75 ~ 4700 insects; energy value~ 235 kJ. 

These results represent the intake for a tern which foraged 

continuously along the main braids of the Ahuriri River. However, birds 



Table 20: CALCULATIONS TO DETERMINE NUMBER OF FEEDS PER FINE DAY 

FOR TERNS AT BLUE STREAM. 

(a) ROADBHIDGE: 1OOm downstream from roadb:ddge; 

December 1975-January 1976. 

(b) BLUE LAKES: near Blue Lakes; February 1976. 

TIME 1000 llOO 1200 1300 1400 1500 
(HOURS) llOO 1200 1300 1400 1500 1600 

(a) ROAD BRIDGE 

Number of 30 minute intervals 7 9 ll 10 12 9 
Mean feeds/rninute/30 minute 

interval ll.5 18 20.5 17 15 13 . 
Standard deviation 4.8 4.1 2.8 3.7 4.5 3.5 
% time feeding (from 

Table 19) *30 45 40 37 32 *30 
Minutes/hour feeding 18 27 24 22 19 18 
Mean feeds/hour 207 486 492 377 288 234 

(b) BLUE LAKES 

Number of 30 minute intervals 0 6 6 6 6 4 
Mean feeds/minute/30 minute 

interval 5.5 8 8 6.5 3 
Standard deviation l.l 1.4 1.1 0.9 0.8 
Mean feeds/hour 336 480 492 396 168 

* values estimated from observations at feeding site 

127. 
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Table 21: MEAN DAILY TERN FOOD INTAKF AT BLUE STREAM 

December 1975 - February 1976. 

Results were determined using Deleatidiwn sp. E weights and energy value ('l'able 9) 

(a) FINE DAYS (b) FINE DAYS (c) DAYS 

near near WITH 

roadbridge Blue Lakes CONTINUOUS 

RAIN 

minutes spent at Blue Stream/day 324 274 384 . 
minutes spent feeding at Blue Stream/day 128 274 384 
number of feeds/day 2084 1872 1920 
fresh weight intake/day (g) 50 45 46 
dry weight intake/day (g) 13.1 11.8 12.1 
energy intake/day (kJ) 301 271 278 
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only congregated over the main braids for approximately four hours 

(1130--1530 hours: page 91) and captured 1500-2500 insects (7 5-125 kJ) 

each during this period. Most spent the remainder of the day over minor 

braids or involved in reproductive activities. The rate of energy intake 

for a tern feeding over minor braids was calculated from Table 18 and 

is presented in Table 22. 

Table 22: MEAN HOURLY ENERGY IN'I'AKE FOR A TERN FORAGING OVEH. MINOR BRAIDS 

Territorial immature tern (s); Ahur'iri River near mouth, October 1975. 

Prey Number Fresh Energy % total 
caught weight intake energy intake 

(g) (kJ) 

Fi~h 2.0 1.6 6.4 65 

Insects 65 0.8 3.3 35 

The rate of energy uptake (~ 10 kJ/hour) was probably less than 

that of a tern feeding over the main braids during the same daily 

periods (10-20 kJ/lrour ~ 3-7 feeds/minute: Figs 31 and 33) . Hunting 

for fish during periods of low daily insect abundance therefore did 

not result in a greater energy intake than foraging for insects over 

main braids and the daily energy intake (kJ) from 8-10 hours foraging 

was lower than the estimates for continuous feeding over main braids: 

range mean 

main braids: 4 hours 75-125 100 

minor braids: 4-6 hours 40-60 50 

daily total 115-185 150 
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The possible range of values for energy intake along the Ahuriri 

River on fine days from September unt.il the end of November (115-235 kJ) was 

was therefore less than energy intake recorded from Blue s·trearn in all 

vmather conditions during summer (250-300 kJ). 

EstDnates for tern daily energy 

expendit~re 

Avian energy expenditure can be partitioned into requirements fo:r: 

self-maintenance and for reproduction (King, 1974). Daily energy 

requirements for self-maintenance of an adult Black-fronted Tern 

(weight "' 0.1 kg) was estimated from a combination of metabolic 

rates during hours of rest (including sleep) and hours of flight 

(including prey capture). Standard metabolic rate (SMR), defined as 

th~ energy requirements for maintenance of physiological functions of 

a bird at complete rest (Kendeigh, 1970), is equal to 13.7 w0 • 72 kJ/hour 

for non-passerines (W in kg; converted from Lasiewski and Dawson, 1967); 

i.e. approximately 2.6 kJ/hour for a Black-fronted Tern. This value 

was taken as the metabolic rate for a tern when not in flight. Additional 

energy requirements for physiological processes such as growth and moult 

or behaviour or birds on the ground (e.g. preening) were not included 

in this estimate. 

The maximal or near-maximal steady-state power output (= energy 

expenditure) during flight is, like the SMR, proportional to weight 

raised to about the 0.75 power (King, 1974). Rate of this maximal power 

output, defined as flight metabolic rate (FMR: Farner, 1970) was 

estimated for a Black-fronted Tern as the mean value for W = 0.1 kg 

from three equations after conversion into appropriate SI units (kJ/hour) : 



1 . b ( ' ) wo . 7 2 Rave lng and LeFe vre 196 7 = 164 

King (1974) from Berger and Hart = 190 w0
• 

73 

King (1974) from 'l'ucker = 233 w0
• 

78 

FMR 

31.2 

35.4 

38.7 
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Black-fronted Tern: mean 35.1 kJ/hour. 

The methods used to calculate FMR have been described by Farner (1970) . 

The ratio FNR: SMR (35.1 : 2.6 kJ/hour} was 13.5, approximately 

equal to the mean of 12 used by previous authors (King, 1974). Observed 

power requirements during flight for aerial feeding birds are lower than 

theoretical FMR's because these species do not flap continuously while 

foraging. The ratio observed FMR : theoretical SMR varied between 2.6 

and 6.4 and observed FMR's were 20-50% of approximate theoretical values 

for the four aerial feeding species presented in Table 23. The lowest 

value of observed FMR/theoretical FMR was for the House Martin, DeZichon 

urbica. Lyuleeva (1970) found that this species was the smallest bird 

to utilize gliding flight (75-80% of flight time) whereas Barn Swallows, 

Hirundo rustica~ generally used active flight. Metabolic rates therefore 

altered with different styles of flight. 

Kendeigh (1970) found that rate of energy expenditure by birds was 

proportional to the amount of locomotor activity involved. Flapping 

rates during flight were used as a criterion for locomotor activity, 

so the theoretical Black-fronted Tern FMR was proportional to the 

maximal prolonged flapping rate (~ 4 flaps/sec) . Predicted metabolic 

rates for terns employing different foraging styles are shown in Table 

24. Birds used continuous active flight with a near-maximal flapping 

rate when they foraged for insects on the water surface in calm conditions. 

Active flight was also continuous while fish hunting or foraging over 

land but flapping rate was reduced. Terns searching for flying insects 
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Table 23: RELATIONSHIP BET\~EEN FLIGHT AND STANDARD ~1ETABOLIC RATES OF 

FOUR AERIAL FEEDING BIRDS 

Species arranged in order of increasing body weight. 

---------------··----·-----------

Weight Estimates 
Species He an No. of *Observed FMH/ tobserved FMR/ 

Theoretical SMR Theoretical FMR 

---·--·----------------(g)-------· 

Barn Swallow 
lHrundo 1~us tiaa 18 2 3.3 25% 

House Hartin, 

Deliahon urb·iaa 21 3 2.7 20% 

Swift, 

Miaropus a pus 41 1 3.0 25% 

Purple Martin, 

Progne subis 49 1 6.4 50% 

--- ---··-------·----
*Purple Martin: calculated from Utter and LeFebvre (1973). 

Other species: results taken directly from Farner (1970). 

(passerine SMR == 22.5 VJ0·7 2 kJ/hour; Win kg: from Lasiewski and Dawson, 1967). 

i" Estimates where theoretical FMR "' 12-13.5 x SMR. 

Tabl~ 24:TERN METABOLIC RATES DURING FORAGING CALCULATED FROf1 RELATIVE 

FLAPPING RATES 

Foraging Style: Prey (a) *(b) (c) 

(see Fig. 20 Mean (a) -i-4 metabolic rate 
flaps/sec. flaps/sec. (kJ/hr) 

[ (b) -i- FMR ( 3 5 . 1) ] 

Insects on water 
surface 4 1.0 35.1 

Fish; Animals on 
land 2 0.5 17.6 

Flying insects h-1.5 0.3 10.5 

* 4 flaps/second "' maximal prolonged flapping rate. 

t Value varied with feeding rate. 

(d) 

predicted Fl-1R (c) I 
theoretical FMR 

100% 

50% 

30% 
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employed gliding flight with only b:cief periods of flapping. Predicted 

FMH/t:heoretical FMR percentages for these last two foraging stvles 

were within the range of values calculated for swallows, martins and 

swifts. 

The rate of net energy gain for terns at Blue s·t.ream was 

calculated from the relationship between rates of energy expenditure and 

energy intake per hour of foraging (Table 25). , This rate varied 

with weather conditions and foraging stYle. Terns foraged longest 

during days with continuous rain when both the rates of prey capture 

and net energy gain were lowest. 

Table 25: RATES OF ENERGY EXPENDI'fURE AND ENERGY INTAKE FOR TERNS 

AT BLUE STREAM 

Mean kJ per hour of foraging daily totals 

intake expenditure net gain hours *net gain 
(i) (e) (i)-(e) foraging (k .. T) 

Fine days: roadbridge 
(feeding on water) 141.0 35.1 "'100 2.1 "'210 

Fine days: Blue Lakes 
(feeding in air) 60.6 10.5 "' 50 4.5 "'225 

Days with continuous 
rain 43.2 35.1 < 10 6.5 < 60 

Rates of energy intake and total hours foraging from Table 21. 

Rates of energy expenditure from Table 24. 

*net energy gain during hours of foraging. 



Energy expenditure during foraging on fine days WClS "' 47 kJ/day 

for feeding in air and "' 74 kJ/day for feeding on water but daily 
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energy intake from both foraging stvles was similar. Therefore, although 

rate of energy gain when terns foraged for insects on the stream surface 

was double that when they foraged for flying insects, energy expenditure 

per prey item was less for feeding in air. 

Daily energy expenditure (DEE: Utter and LeFebvre, 1973) is equal 

to the average daily metabolic rate of a free-living animal and includes 

variations caused by environmental temperatures. Tern DEE was calculated 

as the sum of the hours spent in the various daily activities mul t.iplied 

by the respective estimated metabolic rates for foraging (Table 24(c) ) , 

cruising flight ("' FMR) and resting/sleep ("' SMR). Energy expended 

during travel between Blue Stream and roosting sites near Lake Pukaki 

are included, but terns along the Ahuriri River foraged near roosting 

sites so travelling time was insignificant in the latter case. Results 

are presented in Table 26 and a comparison made with daily energy 

intakes. 

Terns experienced a net energy gain on fine days at Blue Stream 

("' 100 kJ) but suffered a net energy loss ("' 45 kJ) on days with 

continuous rain. Energy gain on fine days would have been used in 

physiological processes, e.g. growth (juveniles) and moult, or stored 

as fat which could be utilized during periods of inclement weather or 

during migration to coastal regions. (lg fat yields approximately 20 kJ: 

from Lyuleeva, 1970). All three estimates for DEE along the Ahuriri River 

on fine days exceeded respective estimated daily energy intakes. Results 

for a tern which flew for only four hours daily are hypothetical but may 

be representative of an adult during incubation.· The relative difference 

between daily energy intake and expenditure in this case was similar to 



iable 26: TERN DAILY ENERGY EXPENDITURE AND A COMPARISON WITH DAILY ENERGY INTAKE 

(a) BLUE STREAM 

I 

Fine Days: Fine Days: I Days with 

Roadbridge Blue Lakes 

l 
continuous rain 

(Dec. - Jan.) (Feb.) 

Activity Hours per kJ per Hours per kJ per Hours per kJ per 

activity activity activity activity activity activity 

Capturing insects on water 2.1 77 0 0 6.4 225 

Capturing flying insects 0 0 4.5 47 0 0 

* Cruising flight (=FMR) 2 70 2 70 2 70 

Remainder (=SMR) 19 / 52 17.5 46 15.5 40 

' 

Daily energy expenditure (kJ) 200 165 335 

Daily energy intake (kJ) 300 270 280 

Intake/Expenditure 150% 165% 85% 

-----
- ------·-···--··--··- - ~ ------------~-

Estimates for time spent foraging and daily energy intake from Table 21. 

*Two hours Cruising flight ~ twice required time to fly 30 km between roosting and foraging sites at 10 m/s. 

Contd/ •.• 
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Table 26: TERN DAILY ENERGY EXPENDITURE AND A COiljPARISON \IJITH DAILY ENERGY INTAKE 

(b) AHURIRI RIVER: FINE DAYS (SEPTEMBER-NOVEMBER) 

Activity 

Capturing insects on water 

Hunting fish 

Capturing flying insects 

Remainder (=SMR) 

Daily energy expenditure (kJ) 280 220 145 

Daily energy intake (kJ) 220 150 100 

Intake/Expenditure 80% 70% 70% 

Estimates for time spent foraging and daily energy intake from pages 

Division of hours along main braids into time spent capturing insects on water and time spent capturing flying insects 
estimated from Figure 

i-' 
w 
()) 



that of a bird which foraged for nine hours. It is unlikely that terns 

suffered a net energy loss during favourable \veather conditions so one 

or both the estimates for DEE and daily energy inta.ke are incorrect. 

Inaccm:acies were attributed to the diverse diurnal variation in 

foraging s·tyles exhibited by terns at the Ahuriri River compared with 

those at Blue Stream, and times allocated to these foraging styles 

were relatively inexact. 

Estimates for tern DEE by application of relationships from other 

avian species are presented in Table 27. The relationship between DEE 

and body weight was calculated by King (1974) from data for five non

passerines and seven passerines (including Purple Martin) . 'l'he DEE/SMR 

ratio in this sample ave~aged 3.5 (range 1.7- 6.1) from individual 

results but 4.5 from the equation where W = 0.1 kg. Results of Utter and 

LeFebvre(l973) and Lyuleeva (1970) were for aerial feeding species whose 

observed FMRs were similar to predicted tern metabolic rates during 
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foraging. The five estimates for tern DEE/SMR ratios on fine days was between 

2.3 and 4.5 (mean 3.2) but was considerably larger during days with 

continuous rain (ratio= 5.4) (Table 26). These values fall within the 

range of ratios calculated for other species therefore Black-fronted 

Tern DEE was similar to that expected for other birds of equivalent 

body weight. 



Table 27: ESTIMATES FOR THEORETICAL DAILY ENERGY EXPENDITURE OF BLACK-FRONTED TERNS 

Values in kJ/day for a non-passerine: W = 0.1 kg 

Author 

King (1974) 

Utter and LeFebvre (1973) 

Lyu1eeva (1970) 

* SMR = 62 kJ/day 

Source of Estimate 

12 spp.i 18 values 

Purple Martin 

Barn Swallow and 
House Martin 

Equation Range of Values 

1331 w0 • 71 -

2.5-3.0 X SMR 156 - 187 

+1.4 x Existence 103 - 292 
Metabolism 

Mean * DEE/SM.c~ 

260 1.7-6.1 

170 2.5 - 3.0 

150 1.7- 4.7 

t Existence metabolism = energy intake required for a bird to maintain a constant weight: increases with a decrease in 
air temperature (Kendeigh, 1970) : 

11 b . d oo 706 o.53 k I . 3 o o.75 A lr s, C = W J day; non-passerlnes, 0 C = 415 w kJ/day. 

!--' 
w 
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Tern chick daily intake 

Fish formed t.he bulk of the chick diet (Table 28). 'rhough more 

insects were often brought, their total energy value was usually relatively 

small. The mean rate at which large prey items were brought was 

calculated as the total number of fish (=45) and skinks (=2: considered 

equivalent to liish in energy value) divided by the sum of hours each brood 

was observed (=24. 7). This was equal to 1. 9 fish/brood/hour (6. 8 kJ) 

or 1. 6 fish/chick/hour (5. 8 kJ). Records were made only during fine days 

and based on a relatively small amount of data, but a value of approximately 

6 kJ/chick/hour (range 4-13) may be representative for sunlight hours 

throughout the day. In November and the first half of December, the 

period when most chicks were seen, a fine day had 12-14 sunlight hours. 

If adults brought fish at a constant rate throughout the day, then chick 

daily intake would have been 70-80 kJ (range 50-180). However, the 

mean sunlight hours were 7.4 (range 0.4 - 14.2) during this period (45 days) 

in 1975, so chick intake may have been less. 

Pearson (in Langham, 1972) studied the intake of chicks for three 

seabird species and presented the equation: 

0 

where o 

= -1.0 + 0.27 U) 

fresh weight (g) requirement per day for chick maintenance. 

1J weight of chick (g) • 

Langham considered this conversion applicable to tern chicks. The Black

fronted Tern chicks in Table 28 were estimated to weigh approximately 50g 

and therefore required 13.5g daily, equivalent to an energy intake of 

61 kJ (17 fish). This weight of fish would have taken 10.5 hours to 

accummulate at the rate of 1.6 fish/chick/hour, so most tern chicks 

probably received sufficient food only during fine weather. 



Table 28: FOOD BHOUGHT '1'0 CHICKS 

18 - 19 . .ll. 75: 

3 .l. 75: 

DATE, 1975 

BROOD-SIZE 

TIME INTERVAL 

0730-0830 

0830-0930 

0930-1030 

1030-1130 

1130-1230 

1230-1330 

1330-1430 

1430-1530 

15.30-1630 

1630-1730 

18/ll 

ONE 

I F 

0 1 

0 2 

1 1 

1 1 

HOURS 4.0 
OBSERVATION 

MEAN VALUES/BROOD 

(I; F) 

FEEDS/HOUR 0.5;1.3 

TOTAL kJ/ 
tiOUR 

* plus one skink 

5 

Ahuri ri River in colony. Chicks probably less 
than one week old. 
Ohau Hiver at roosting site near mouth. Chick 
older than above; probably c. 2 weeks. 

(prey items: I = insects; F fish) 

19/11 19/11 3/1 19/11 

ONE ONE ONE TWO 

I F I F I F I F 

------------------------------------------
1 1 

8 2 5 0 14 5 11 0 

12 0 5 0 6 2 

6 2 12 2 

6 3 6 1 

5 2 9 2 

4 2* 9 1 

0 3 8 2* 

1 1 9 0 

0 4 4 6 

2.0 8.5 1.7 8.5 

10.0;1.0 3.6;2.1 8.8;3.5 8.2;2.0 

5 8 13 8 
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Alt.hough aquatic insects formed the major part of the adult tern 

inland diet, t:hey dj.d not cont.ribute greatly to the diet of chicks. 

'I'he reason for this difference in diet becomes apparent if the 

hypothetical situation where adults fed their chicks only aquatic 

insects is considered. Royama (1970) made a theoretical investigation 

of the relationship between the rate at which prey species were brought 

to young and the size and abundance of these species. He found that 

handling time of different species influenced t.he size of prey selected 

by adults for their young and this may have resulted in a prey size 

difference in the diet between adults and chicks. ("Handling time 

includes all of the time between the beginning of an attack and the 

beginning of renewed searching" : Hartwick, 1976) . 

Adult handling time per prey item brought to a tern chick was equal 

to the sum of the times required to carry out the following functions: 

1. Catch prey item once it had been seen (negligible for 

aquatic insects; often 0.5-2 minutes for fish). 

2. Fly to the chick (proportional to distance between feeding 

site and chick). 

3. Transfer prey to chick (approximately five seconds for 

either fish or insect) . 

4. Fly back to feeding 

to 2.above). 

area and resume foraging (usually equal 
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A large fraction of the handling t.ime per prey item was spent in 

flying to and from the chick. The mean distance from a nest in the 

Ahuriri H.iver colony to the main braid was approximately 60 metres 

(range 5-130) and most adults flevl further to feed: 

142. 

met.res travellc'd in cruising flight ("' ~0 m/s) 

seconds in flight 

seconds handling time (flight time + 5) 

100 

10 

15 

250 

25 

30 

400 

40 

45. 

The series of curves in Figure 45 show the effect of handling time 

on the relationship between potential rate of aquatic insect capture by 

adult terns and the potential rate at which these insects could be brought 

to a chick (based on a series of hypothetical curves presented by 

Royama, 1970). The possible chick energy intake per hour from insects 

brought by one adult was 3-9 kJ (= 60-180 insects), equivalent to 0.7-

2.0 fish. The recorded mean of 6 kJ per hour (= 1.6 fish) was within this 

range, so theoretically the feeding of chicks only on aquatic insects 

was not less efficient than their observed diet. However, if the chick 

diet was similar to that of adults, a chick would have been visited 120 

times per hour instead of the recorded mean of 5.9 for an energy intake 

of 6 kJ. Although the rate of chick energy intake could be the same 

from either an insect or fish diet, a wholly insect diet would have 

involved a greater energy expenditure by the adults which fed the chick. 

A comparison of the mean hourly rate at which prey items were 

brought to broods (x) was made between the brood of two chicks and 

the brood of one chick watched for 8.5 hours on 19.11.75 (calculations 

exclude skinks) : 



,_ 
-' ::::> 
0 
<t 

"' V> z 1-
0 "' "" ,.. u 

"" Cii 
"" "" u 
- z 
:I: -u 

< ~ 
0 ~ 
1-

w 
1- "" :I: < 
"' 1-::::> z 
C) -

"' "' ,.. 
"' "" "' ::::> w 

0 z :::: w ...... 
V> 1-
1- z 
u "' w -' 
V> <t ::; ;:; 
~ i3-
0 w 

~ 
::E 
::::> 
z 

h:15 

200 {10·0) 

150 (7.5) 

I I I //////////////////// h= 30 

100 {5·01 

I I I / ///////////L h = 45 

I II/ ~ h:60 
so 12511 

111/ h • HANDLING TIME/PREY ITEM (seconds) 

0 

0 5 10 15 20 25 30 

POTENTIAL FEEDS/MINUTE ON INSECTS FOR FORAGING ADULT 

Figure 45: HYPOTHETICAL CURVES SHOWING THE EFFECT OF DIFFERENT HANDLING TIMES ON 

THE NUMBER OF AQUATIC INSECTS BROUGHT TO CHiCKS 

SHADED AREA • POSSIBLE RANGE OF VALUES; AHURIRI RIVER IN NOVE!'.BER 

...... 
w 



144. 

one chick t.-test (v = 16) ·---------

fish X 1.89 1. 78 t 0.15 

s :=: 1. 36 s = 1. 79 p > 0.5 

insects )f ::: 3. 56 X 8.22 t 3.92 

s 2.51 s :=: 2.54 p < 0.002 

The adults associated with both broods brought fish at the same rate, 

possibly a maximal rate, so chicks in the brood of two received only 

half the number of fish each compared with the solo chick. 

The brood of two were fed significantly more insects, possibly 

in an attempt to remedy this situation. 

Feeding rates with respect to age 

Parental feeding of juvenile terns ceased along the Ahuriri and Ohau 

Rivers by early January (none observed after 7.1.75) approximately one 

month after the young birds had fledged. In the period 1-5.1.75, energy 

intake from parental feeding for a juvenile at the Ahuriri River averaged 

2 kJ/hr (from 15 hrs observation), equal to approximately 20 kJ per day, 

and was therefore only 10% of their daily requirement for existence. 

Although juveniles were seen foraging at this time, no quantitative data 

were collected. Juveniles were first seen at Blue Stream in 1976 on 7 

January, a fine day when all terns fed on insects from the stream surface. 

Table 29(a) shows a comparison between juvenile and adult feeding rates 

during the same 30 minute intervals on this day. The two age groups were 

similar and any differences were slight when compared with diurnal changes 

in feeding rates recorded at this site. 
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Table 29: COMPARISON OF FEEDING RATES BETWEEN JUVENILE AND ADULT TERNS 

t-tests: to determine significant differences in mean feeds per minute between 

juveniles and adults during the same 30 minute period. 

(a) BLUE STP..EM--1: 7 .1. 76 (a11 feeding on water) 

30 Mins 
Mean total feeds/minute 

t-tests 
Time 
Start Juvenile Adult \) t p 

1230 14.1 17.4 21 1. 66 <0.2 

1300 25.3 25.9 17 0.29 >0.5 

1330 20.6 21.7 25 0.59 >0. 5 

1400 18.7 19.1 24 0.24 >0.5 

1430 16.2 15.0 9 0.73 <0.5 

(b) AHURIRI RIVER: 1530-1600 hours, 14.4.75 

Feeding 
Mean total feedsAninute t-tests 

Rates Juvenile Adult *v t p 

On Water 6.5 5.7 28 0.78 <0.5 

In air 3.0 3.5 28 0.69 <0.5 

TOTAL 9.5 9.2 28 0.35 >0.5 

* juveniles and adults recorded on alternate minutes for a total of 

15 minutes each. 
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Although juvenile and adult feeding rates on water were similar, 

feeding rates in air may have differed. This hypothesis was not tested 

until March when juveniles had been fled9ed for 4-5 months. One juvenile 

and four adult:s were observed for 30 minutes near t.he Ahuriri River bridge 

during fine weather. Feeding rates both on water and in air vmre recorded 

but no differences were apparent between juvenile and adults in either 

style of prey capture or in the total number of prey items caught per 

minute (Table 29(b) ) • A more comperhensive comparison was not made until 

October when the diurnal variation in feeding rates for the two age groups 

was recorded for two fine days at the Ahuriri River and the young birds were 

in inuuature plu1uage (fledges 10-11 months). Once again, inuuature and 

adult feeding rates were similar in both feeding styles (Table 30). 

Comparisons have been made of success rate in hunting with respect 

to age in other tern species: Forster's Tern (Salt and Willard, 1971), 

sandwich Tern, Sterna sandv'icensis (Dunn, 1972) and Royal Tern, S. maxima 

(Buckley and Buckley, 1974). In all these species adults had higher 

capture rates than the respective juveniles. Associated with this 

difference in hunting ability was prolonged post-fledging parental 

feeding of juveniles which supplemented the diets of the young birds 

which were relatively inefficient in obtaining food. Juveniles up to 

seven months old of crested terns, Sterna (ThaZasseus) spp., were fed 

by. adults (Ashmole and Tovar, 1968). 

Juvenile Black-fronted Terns were equally efficient at prey capture 

as adults and post-fledging parental care was restricted to approximately 

one month (December) . This contrast with other terns may have been 

related to the difference in diet: the above-mentioned species hunted 

fish whereas Black-fronted Terns captured mainly .insects which were 

clearly visible and relatively inactive. Insects on the surface of 

running water were generally stationary with respect to water current and 
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Table 30: COMPARISON OF FEEDING RATES BETWEEN IMMATURE AND ADULT TfRNS 

Ahuriri River near mouth, October 1975. 

t-tests: determining significant differences in mean feeds per 

minute between adults and immatures during the same 30 minute period. 

(ns = no significant difference between feeding rates) 

TIME 
START 

TOTAL 

1130 

1200 

1230 

1300 

ON WATER 

1130 

1200 

1230 

1300 

IN AIR 

1130 

1200 

1230 

1300 

TOTAL 

1230 

1330 

1430 

1530 

(a) 11.10.75 

(b) 

MEAN FEEDS/MINUTE 
IMMATURE ADULT 

8.0 

11.2 

9.2 

9.2 

1.6 

3.9 

3.9 

1.6 

6.4 

7.3 

5.3 

7.6 

19.10. 75 

5.5 

2.7 

5.1 

13.4 

8.8 

9.5 

8.1 

7.3 

2.2 

3.3 

2.5 

1.9 

6.6 

6.2 

5.5 

5.4 

4.7 

2.6 

6.6 

11.0 

\) 

22 

18 

17 

18 

22 

18 

17 

18 

22 

18 

17 

18 

19 

21 

25 

25 

t 

0.89 

1.85 

1. 52 

3.40 

0.90 

0.49 

1.21 

0.44 

0.26 

1.02 

0.18 

2. 77 

1. 08 

0.20 

1.95 

1. 56 

p 

< 0. 5 ns 

< 0.2 ns 

< 0.2 ns 

< 0.005 immature 
greater 

< 0. 5 

> 0. 5 

< 0.5 

> 0. 5 

> o. 5 

< 0. 5 

>0. 5 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

<0.002 immature 
greater 

<0.5 ns 

>0. 5 ns 

<0.10 adult 
greater 

<o. 2 ns 

CONTINUED 

(?) 
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(b) 19.10.75 Cont.inued: ---·--·-

TIME MEAN FEEDS/MINUTE 

STAR'r IMMA'rURE ADUL'l' 
\) t p 

ON WATER 

1230 5.1 4.5 19 0.74 <0.5 ns 

1330 1.9 2. 1 21 0.28 >0.5 ns 

1430 5. 1 6.5 25 1. 74 <0.10 adult 
greater (?) 

1530 ll.8 10.4 25 0.94 <0.5 ns 

IN AIR 

1230 0.4 0. 2 19 2. 30 <0.05 immature 
greater 

1330 0.8 0.5 21 0. 7 4 <0.5 ns 

1430 0. 1 0. 2 25 0. 6 8 <0.5 ns 

1530 1.5 0.5 25 1.92 <0.10 immature 
greater (?) 



most aerial prey species were slow fliers and therefore relatively 

stationary with respect to wind. 

Young Black-fronted Terns did not depend on fj_sh as an important 

prey item until August when they returned to the breeding grounds from 

coastal areas. At this time they were 9-10 months old and appeared 

equally efficient at fish capture as adults. In October 1975 immature 

terns along the Ahuriri River caught fish at a rate of two per hour 

over minor river braids (Table 18). This was comparable to 1.4 fish/ 

hour caught by adults at the Tasman River in November (6.11.75 fine day: 

nine terns observed for five hours at the mouth of Lagoon St:J:.-eam a.nd 13 

fish were caught). Other indications of adult catch rate were 1.9 fish/ 

hour brought to a tern during courtship feeding (page 29) and a mean of 

1.9 fish/hour brought to broods in the Ahuriri River colony (page 139). 
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9. DISCUSSION 

Feeding habitats 

Black-fronted Terns were aerial feeders which forage in swallow-like 

fashion over a variety of habitats. They were capable of capturing prey 

from or below the water surface, in the air, or from the surface of a 

solid substrate. Terns at inland sites foraged mainly over shingle-bed 

rivers and streams and were rarely seen over still water (lakes, tarns, 

farm dams). In and around Otago Harbour, they usually foraged over 

areas subject to strong tidal currents and/or upwelling. Mos·t foraging 

time was therefore spent over moving bodies of water in contrast to other 

Chlidonias terns which all generally foraged over still water. 

Functional responses to prey 

abundance 

The main tern prey at Blue Stream was Deleatidium sp. E which was 

taken at the time of emergence from nymph into sub-imago on the streant 

surface. Daily emergence exhibited predictable diurnal patterns altered 

by weather conditions and daily abundance during summer was 

proportional to the maximum air temperature with greatest numbers on 

fine days. Terns ·showed a functional response to prey abundance because 

their feeding rates varied with changes in the number of mayflies. 

Orians and Horn (1969) found a similar response in nesting icterid black

birds in Washington: rates at which damselflies and aquatic dipterans 

were cap~ured varied with their respective diurnal emergence patterns 

from nearby lakes. 

The functional response. exhibited by terns when feeding on the Blue 

Stream surface fauna was directly proportional to prey abundance so they 

150. 



responded almost immediately to changes in mayfly numbers. Such linear 

responses by birds are atypical. Published quanti.t:ative observations 

on the feeding of predators and parasites have been examined by l{oyama 

(1970) who concluded" .... the number of captures per unit time 

inva~-iably reached a plateau beyond a certain level of density." 

No plateau was apparent in the Black-fronted 'l'ern feeding rat.e on water 

over the recorded range of abundance for Deleatidium sp. E. 

Handling time for aquatic insects 

Royama (1970) presented the following equation relating total number 

of prey captured (N) to total time spent searching (T), density of prey 

(D) and handling time for each prey item (h): 

N 
a D T = ~--~--~----
1 + a h D 

where a is a proportionality factor. 

Prey capture rates therefore increase with increased prey abundance but 

decrease with increased handling time. This relationship would have 

no horizontal asymptote in the hypothetical case of handling time 

equal to zero. I 

J.51. 

The handling time per prey item for terns \vhich captured Deleatidiwn 

sp. E by contact dipping (equal to the time from when a mayfly was first 

sighted until foraging was resumed after its capture) was sufficiently 

brief, probably less than 0.5 seconds, to appear negligible to an observer. 

Handling time was very brief for several reasons. Mayflies on the stream 

surface -vrere generally inactive and carried downstream by the current. 

Floating insects in a streamwere distributed across its width in 

proportion to current velocity (Winterbourn, 1974), so the number of mayflies 
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was greatest in the region of fastest flow. 'rerns foraged parallel to 

the direction of water flow, usually within one metre of the surface above 

the region of fastest current flow, so prey items on the surface were 

seen at close range and captured with minimal change in flight direction. 

Flight was not disrupted when prey was captured and it was swallowed 

immediately as the tern rose from the stream surface. 

Numbers of De Zeat'idium sp. E on the stream surface did not reach 

a high enough figure for an obvious tapering in the rate of increase of 

tern feeding rates on water to become apparent. However, tern feeding 

rates in air could be expected to have reached a horizontal asympt.ote 

at a lower mayfly abundance than feeding rates on water because handling 

time for flying insects was longer than for insects on the stream surface. 

This handling time was equal to the duration of rapid tern flight before 

the capture of a flying insect and averaged approximately one second. 

Numerical responses to prey abundance 

Terns congregated at feeding sites when aquatic insects were common 

and their number was proportional to their feeding rate. (They therefore 

exhibited a numerical response to prey because feeding rate was proportional 

to prey abundance~ The numerical response of terns to changes in 

DeZeatidium sp. E abundance indicated that the number of mayflies 

available for each bird at a feeding site on fine days was not reduced 

by a large number of terns. Prey abundance depended on the drift rate 

of mayflies which was determined by time of day, current velocity and 

density of nymphs on the substrate. These parameters were independent 

of predation therefore depletion of the surface fauna did not reduce 

prey numbers for a great distance downstream. 



Relative efficiency of feeding styles 

The rates of food intake for terns at Blue Stream on fine days was 

g·:r:·eater from feeding on water than feeding in air. The capture of flying 

insects would therefore be considered relatively inefficient in models 

which describe optimal foraging and optimal diet in terms of maximal rate 

of food intake (MacArthur and Pianka, 1966; Schoener, 1971; Estabrook and 

Duncan, 1976). In February there was a change in foraging styles from 

feeding on water to feeding in air but Deleatidiwn sp. E remained the 

main prey. Although rate of food intake was reduced, the energy expended 

per prey item was similar to feeding on water so the two foraging styles 

were equally efficient. This would not have been apparent if only rates 

of energy intake were considered. 

Effect of weather conditions on prey 

abundance 

The Black-fronted Tern was possibly the largest diurnal non

soaring bird which fed solely while flying. Dol'nik (1970) investigated 

the factors limiting the weight of flying birds and found that the 

upper limit for birds feeding in the air was 0.4 kg, the approximate 

weight of the largest nightjars (Caprimulgiformes, Caprimulgirlae), a 

family of nocturnal aerial feeders. 

Potential prey items were visible to an aerial feeding bird only 

if they were either present in the air or relatively conspicuous on the 

surface of a solid substrate (or, as in the case of some tern prey, 

visible below the water surface). These species, usually insects, were 

therefore relatively exposed compared with most other insects and 

were susceptible to large numerical fluctuations with changes in weather 
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conditions. Such fluctuations altered predator activity: e.g. Swifts, 

Micropus apus_, brought prey to broods on wet days at only GO% of their 

rate during fine weather {from Lack and Owen, 1955). Finlay (1976) 

studied the effect of weather conditions on Purple Martins and found 

that their activity was reduced on wet, cold or windy days. 

Effect of weather on feeding behaviour 

Emergence of aquatic insects was suppressed during wet weather 

and terns suffered a daily net energy loss. However, abundance of 

invertebrates, especially earthworms, on the surface of pastures 

increased during rain {Lobb and Wood, 1971) and terns utilized such 

areas as an alternate food source. Some aerial feeding species lower 

energy loss during periods of inclement weather by becoming torpid 

at lo'.ol temperatures: Chimney Swifts, Chaetura peZagica (Ramsay, 1970) 

and several caprimulgiform species {Austin and Bradley, 1969). 

The foraging styles recorded at the roadbridge, Blue Stream, on 

wet days differed from fine days. Plunging to surface and alighting 

at stream edge replaced contact dipping as feeding rates decreased 

with a lowering of prey abundance. Although mayflies remained the 

main prey, they were taken from regions on the stream which were ignored 

during fine weather {i.e. below the surface and along the banks). These 

styles of prey capture involved a greater handling time per prey item, 

and were therefore less efficient, than contact dipping. A change in 

foraging behaviour has also been recorded for another aerial feeding 

bird, the Dusky Woodswallow, Artamus cyanop-terus_, which gleaned prey 

from branches during wet weather (McCulloch, 1970). 
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'rerritoriality 

Many terns held food territories during periods when the abundance 

of prey on the water surface was low. Low prey abundance was related to 

weather conditions (Blue Stream and Ahuriri River), time of day (Ahuriri 

River) or tide (Hellers Rocks, Otago Harbour). Territoriality served to 

scatter the population throughout a feeding area during periods when 

food was scarce and many terns sought alternate habitats e.g. fields. 

Similar short-term partitioning of favoured foraging habitats during 

periods of low food availability have been recorded for hummingbirds 

(e.g. Stiles and Wolf, 1970) and waders (e.g. Phillips, 1977). 

Reproduction 

Most of the handling time for food brought to chicks was spent in 

flying to and from foraging areas because adults carried only one prey 

item on each visit. Tern rate of fish capture was low, but the fewer 

visits required with fish rather than aquatic insects made fish the 

more economical prey for the chick diet. Chicks were highly mobile 

soon after hatching and scattered along the river so they were closer 

to their parents' foraging areas. 

Periods of inclement weather and/or the associated reduction in 

aquatic insect prey abundance may have accounted for the desertion of 

eggs and death of chicks recorded from the Ahuriri River colony in 1975. 

Koskimies (1950) found that nestling Swifts could survive several days 

of fasting by becoming torpid but this adaptation was not observed in 

Black-fronted Terns so chicks were susceptible to starvation. Egg-laying 

in early October coincided with the annual peak in aquatic insect 

abundance. Adults fed on these insects on fine days and either hunted 
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fish or visited nearby fields on wet days. After the eggs hatched adults 

brought most fish caught to their broods but the rate of energy 

expenditure for a bird hunting fish was approximately equal to the rate 

of energy intake in the same period. Therefore, on days with low insect 

abundance the energy intake from fish alone was insufficient to sustain 

the requirements of brood and parents. 

'I'he number and spatial arrangement of nests differed between Black

fronted Tern and Black-billed Gull colonies although both species nested 

on shingle-beds. Gull colonies contained up to 3000-4000 nests separated 

by an average of 0.5m whereas tern colonies contained less than 100 nests 

separated by 5 - lOOm. These differences may have been related to 

the methods used to carry food to chicks. Gulls regurgitated food to 

chicks and adults ranged at least 10 km from the colony to foraged over 

both aquatic and terrestrial habitats (Boud and Cunningham, 1959). Terns 

foraged near or within the colony and prey items carried in their bills 

were brought singularly to chicks. A greater number of nests in a tern 

colony may have caused a relative increase in the distance travelled to 

and from foraging areas by adults and therefore increased handling tirne 

for prey brought to chicks. 

The number of chicks fledged in both 1974-1975 and 1975-7h was low. 

Only approximately 10% of terns in January and February were juveniles 

(Ahuriri and Ohau Rivers; Blue Stream) but surivival rate of juveniles 
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was probably high because the ratio of young birds to adults remained 

similar in winter (Aramoana, Otago Harbour; 1975). Juveniles had the same 

feeding rates as adults; successfully held feeding territories during 

periods of low prey abundance and several birds reproduced while in 

immature plumage. 
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