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SEASONALITY, POPULATION STRUCTURE AND BREEDING ECOLOGY OF THE
SEYCHELLES BRUSH WARRIL.ER ACROCEFHALUS SECHELLENSIS

AW DIAMOND

SUMMARY

DMAMOMND, AW 1930, Seasonulily, populabon structure aod Dre:dln.g m:-.:lln;JEw of the
seychelles Trrnsh Warbler Aceacepfunlun ecliellonsic. Proc IV Pas-Afr e Congre, 254 2068

This speeies is now restoeted wmost entirely to Cousin s, 3 reserye pwned and managed by
the Tiritish Section of LC RLP, Its appeamnee and more especially its vaice suppoct the view [
il should be assgned (0 the Acrocephalius szrn’.'rﬂr.rm Spoeics group (FIall & Moreaul, Tmish
Woarldlers pre ]1|:.rslﬂv territoinl Gverage termitory size 0,225 Db, livine in groups of b o lve of
varahle compaosition, hut always with at least one hird of each sex, Since Cosin was ac cuired hy
LB P the Brush Woebder popualution bus increased stewdily at o rate of hout six termtorics per
vear, apparently in response tnoan increase in stable habirat o5 native woodlamd has been
il I:.%i.n:.nll:t i (he o coconut plantation. The number of colour-ringed hirds in an in-
tensively stodied 1,4 ho area bas decressed sliphtly, having apparently seached miainum dea
sily, Mecruitment here (5,25 por vear) was less than ane quaarter of that calculated For the
pepulation ns o whele (22,79 Adult morality was 10,75 frer ek, iviog menmn ife expog-
tianey al B A vears, The Tupulmmn usuplly breeds (wice a vear, ance each In wet and dry sessons,
r||![1.|rr|'|1|1,"||':mp rivinfall frequency 1o predicn peak abandimce ininsect fosd. As the still inerease-
ing, population approaches the carrying capacity of the shnd, this continuing stdy proimises oe
sulls of considemible biological mterest.

INTRODUCTION

T'he Seychelles Hrnsh Warkler Acroceplalus sechellensioisone ol two species that constituted
the genus Hefrarnts, restricted 1o remote 1slands in the western Indian (cean, A rodericana of
Rodrignes 15 described by Cheke (in press). A sechellensis formerly inhabited Marianne as well as
Cousin in the Seychelles, but is now confined 1o Cousin and Cousing; about 995 of the world
populalionlives on Cousin. At one Lime deseribed gs one of the rarest birds in the world (Vesey-
Filegerald 19400, there were only about 50 birds in 196830 Gaymer ef @l 1991 In 1988 Cousin 1sland
was bought by the British Section of the Internationa] Cowcil for Bird Preseryvation, who have
managed the island as a nature reserve [Percy 19700 Manspemen: has been directed towards in-
creasing the habitat for the warbler (Diamond 1975) with spectacular suceess, the popaladion
rising o nearly 300 by 1975, This paper describes thege axpects ol o two-vear study of breeding
ecology and feeding behaviour, designed 1o provide information on which to base lulure manage-
ment policy. The study is continuing, and will be dascribed in full elsewhere,

Cousin (04°20°S, 55°40°E) is small (28 ha) granite island, 2 kol wesl of the northern end of
Praslin, the negrest large island (Fig. 1 ). The southwestern part is agranite hill (69 mb, barrenon Lhe
south and east but more densely vegetated on the north and west slopes. The northeastzrn half of
the island is flat coastal plain, locally called 'platean”. of phosphatic sandstone: the whole plateau
was planted with coconuts Cocos aucifern batween about 1910 and 1920, and it is in this over
grown plantation that most of the warhlers live, 4 derailed description of the island is given by
Diamand {1973),

METHOS

Habitat use and seasonality in hreeding and feading hehavinur wers investigated in all the land
hirds of Cousin (1damond & [lovd, in prep ). Unce @ month | walked slowly along each of two
fixed routes, passing through all the 1sland’s habitats, once in cach three-hour period from (60 o
1R, and recorded the Tollowing data: spectes of plant on which bind (irsl seen, feeding method,
height, dismeter of pereh. type of prey, und breeding activity, For the latter, singing aod carey ing
nest malerial were recorded, but for the warblers the most useful measuie was the oumber of
chicks heard giving the persistent and Gar-carrving begging call thit is given throughout the post-
Medping dependence period of Pee 1o thiree months, This study contioed for the 20 monthe of Muay
1973 1o December 1975, and gave information on the warbler population as o whaole,
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Figure |. Map showing main Sevchelles islands mentioned in text, Tnsel: position of Seychelles in
relation to Madagascar and Africa
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In addition, territarial behavionr, population dvnamics and the cveles of marked individuals
were studied intensivelv i oa small (1.4 hal study area This was in dense Maorinda
cirifedia-Pisontu  grondis woodland on the platean (Fig. 2], horderad and crossed by cut paths
|.5m wide, marked with consecutive numbers painted every S m, Mist ners ware ser up on these
paths in a random rotation, and the warhlers canght were colour-banded, weighed, measured,
scored tor visible subcutaneous far and examined for primary moult and incubation pateh, using
the same fechnigues that Diamond (1974) nsed in Jamaica. Merting activity was reduced when all
the warblers had been banded, bur some nering was carmed out in most months to provide duta
from recaptures_ and special efforts were made to catch fledeed young and unmarked birds thal
appeared in the area, The enrire area was checked approsimately weckly wnd the position of each
bird noted by reference to the numbers on the paths, and regulur searches were made for nests.
The moutine Nxed walks around the isiand, and checks of the study area. provided the bulk of the
information on the behaviourof the populzation az a whole, and of the marked sample of the popida-
tion, respeciively. Casual observations were also made elsewhere, especially araund the house
and luboratory where many of my other activities were concantratad, and are referred 10 a5 appro-
priate.

Seasonal varistion ninseel food supply was measured by sampling flving insects using o water
trap with baffles (Southwood 1971:099) ot ground level. set out fortnightly for 24 hours.

SPECIES DESCRIPTION

MORPHOLOGY. WEIGHTS AND MEASUREMENTS

The Sevchelles Brush Warhler is a fuirly lurge old-world warbler (Sylviidae), in the ficld usually
|1|apeu|'iné grevish or hrownish green ubove, paler below, with pale lores anid eye-ring uf vurinble
contrast, The tail is relatively Tomg, the bill Tong and stour, the leps and feel alaleblue, The light
streaking on the hreast of some individuals — not only juveniles as Gaymer e al, (1969 suggested
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Figure 2. Simplificd vegetation map of Cousim lsland, showing locanion of warhler study arena,
Vegetation 1ypes: |. Herbs, 20 Fruil trees snd vegetables. 3. Open woodland regenerating near
coast, 4. Herbs on hill slopes, 5. Casuaring groves, & Closed scrub, woodland and farest, chiefly
Muorinda, Pisonia, Fiens, Evphorbia and plunted Coces. (Greatly simplified from Diamand
{19751,

STUOY AREA

seems 10 be due 10 feather arrangement rather than pigmentation. The eye is grey-brown or
grey-blue in juveniles, red-brewn in adults.

Weiphts and measnrements are given in Tahle I, Males were onaverage significantly largerthan
temales in all dimensions except hill length. Relatively few individuals could be sexed; inany pair
only the smaller bird developed an incubstion patch and this was assumed (o be the female. Only
birds that were paired o g bird known o have developed o brood patel, were sexed as males.
Mauny breeding units contained more than two birds and here only the female could be sexed,
which accounts for more birds having been sexed as females than os males.

YOICE

Brush Warblers have o short imelodiows song of simple whistled phrascs repeated several times,
with substantial individoal variation. [oaddition & low, Gast warhling was nccasionally heard, ofien
trom young birds but sometimes Trom adults, shich may bea subsong. The main calls are a harsh
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TABLE 1. Weights (g) amd measurements {mm) of adull Brush Warhlers.

Weight Wing Length Billlength I'arsus length

" = 5D 0 x SD n X SD. n X S

Males 43 168* 070 9 677 130 8  I46 040 8 M A* |20

Femnles 25 150" 1,12 12 @652 1,08 12 145 060 10 23.0% 059

Unsexed 2 64 0.9 14 679 244 17 4507 6 MO O3B
All birds 4.5 063

*sipmificant difference hetween séxes (ttest, p<0,01)

Figure 3. Dingrommatic sonpgiams of warbler calls, ab aluror culls, in response W playback,
b meeting' calls. ¢ &d) song pluwses from two differeat birds,
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nasal alarm call and a very low rapid twittering that [ named the meeting call because birds often
gave it on coming into close contact, but subisequently | also heard it from birds thal were
apparently alone. Inveniles from fledging until they become independent (Lwo o three months
later) have a sinple wheezy begging call that is repeated endlessly until the hird is fed,

Dhiagrammadic sound spectrographs of two sang prases and alarm and meeting culls wre shown in
Fig. 3.

Thelalaro calls cover s wide frequency range (,08-8.0 kHz, are very short (e,0,075 s und Jave
an emphasised frequency higher than that of the song, between 2 S and 4,0 kHz . (3a), This pattern
is typical of colls given by pusserines in response to stanonary predators: the wide frequency band
wnd the shwrp Beginning und cnd enable the call to be easily located (Tharpe 19610, and serve to
pitrnct conspecifics 1o the site, Warblers give this call in response 1o people, epg predators such oy
skinks, to other bird species (e.g. Sevchelles Fody Foadia secheliarum) coming too close to the
nest, or other warblers tronsgressing the lermitonal boundary, This call thus resembles, in
structure and context, the 'mobbing’ cull of pusserines that are at risk from aerinl predators. 1
heard no call similar to the usual "alarm’ call of such species, with u purrow lreguency ranpge nd
indletinite start and end 10 the note. This may be because Cousin lucks the serinl predators that
woniled elicit such a call, The only call that might have these acoustic propertics (wide frequency
rangee, difficult 1o locare) is the hepging call of the dependent fledged voung, which | found hard 1o
feseate, b | oid newt taperecard this call

The meeting call 15 very quier and therefore hard 10 record bul seems o consist of twa
components: i short sharp call abowt 1S5 to 4,0 kHz, with @ slurred descending call running from the
top ool this frequency range 10 the bottom, the two components together lusting ubout 0,195, (3h),

The songs, from different individoals, differ slightly in phrase length (0,365 und 0, 1 530 and the
degree of separation of the pure tene-like component from the slurred descending note, bui have
similur frequencies of ubowt | 91027 kHz inane case, 11 ta 2.4 KHz in the other, (3¢, 301, These
Frequencies fall in the range 1,6-2,5 KHe that Marton (1975} found to attenuate least in tropicul
torest.

DISTRIBUTION aND AFFINITIES

The species was first described as Elfisia sechelleasis, by Oustulet (1877) from specimens
collected by de U'lsle on Marianne Island in February 1876, Laniz collected further specimens an
Mariznne in 1877 and deseribed the species as being ‘rare on 1z Cousing’ (Oustalel |1878). Cousine
is 2 ko from Cousin, and Gaymer ez al, (196%) thaught Lantz had confused the two, but there is na
reason o suppose that he did. Lister collected one on Cousin in 1882 (Benson 19717 and Didier
collected three there in 1903 (Touanin 19621, Thus there are definite past records from only Cousin,
Cousine and Marianne, It wus however overlonked on Maranne even by the assiduous E.
MNewten, who recorded all the vther species therz, =0 it may well have been overlooked elsewlhers
in the Seychelles, Penny (1574} stated that il was reintroduced to Cousine about 1960, but gave oo
evidence for this. Lloyd (pers.comm.) found three there in 1972; [ found noné on several visils in
1973 and 1974, but in December 1974 found one singing and vaught another showing a brood patch
several hundred metres away. The present population of Cousine can only be one or two pairs at
mast; thus nearly %39 of the world population is confined to Cousin,

Custalet (1877) considered the species more closely related to Ellisia (now Nesiflas) rypica of
Madagascar than 10 E. (now Bebrornis) roderivana of Redriguos, hut be had no specimen of the
latter for comparison. Sharpe (1883) combined the Seychelles and Rodrimies specimens in one
new genus, Hebrornis. Some recent authors (Jouanin 1962, Bournc 1968, Gaymer ef al 1969) have
combined Bebrornis with Nesillar, a genus otherwise confined 1o Madagascar, the Comores zmd
Aldabra, while Benson (1960) zlso merged them but later (Benson & Penny 1968, 1971) sugpested
they should remain separate pending further information. My field expericnce of hoth Befrosmis
spp. and of Nesillas typica, N.mariae and N aldabranus leaves no doubl that the two genera ane
quite distinct and should not be merged. Vocal differences between the genera, and similaniies
within them, are particularly marked.

Traylor (in Benson & Penny 1971, and pers.comnm.) suggested thut Sebromis was derived from
Acrocephals, which s a successful coloniser of islands in the Pacific and off west Afiica
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Bebrorniy differs from tvpical Acrovephalis in several respects; wide bill, pale-edged rectrices.
long distal primary: characters that are shared with the Acrocephaluy graciirosiviy - rufescens
species group formerly separnted as Colamocichla, Hall & Moreau (19700 pointed this oul and
sugpested Aetrornis might also be a member of this groep. Limited field experience of A gracifire-
sirix suppgesis s close similarity tn Bebrornis, pamicularly with respect to voice, and there seems
no lonper any pood cause 1 repard Bebrornic g anything other than an island form of dceocepitaltes,
aned 1 is 5o treated here,

FOPULATION DY NAMICS

fxland popularion consus

Hrush Warhlers are highly rermorial. and defend their territories by song. The most conveniend
census method was therefore 10 walk slowly round the island, either imitating the song by
whistling or plaving hack recorded songs, and mapping the lecalities of the birds which responded,
Al least two people were needed, one 10 keep track of birds in o tertitory while the other located
the owners ol the adjacent one, (o ensure that hirds were not counted twice, A check on this
method, carried aot in the study area where the ternitories were known and all the birds colow-
ringeed, shovwerd thint some hirds were missed hut all the territories detected. This method was st
used by D, Llovd in 1971 and has been inuse ever since. Earlier counts, by 1) Lousteau-Dalanne in
1968 amd M1, Penny in 1970, were of hicds not termtones and the censos method wos not staged., [n
plotting the change in popuelation (Fig. 41 1 have assamed that the mean number of detected birds
per leeritory was the sume then us in Janoary 1975 (e, 2,3).

Figure 4. Increase in number of territones with tme. Open dotted circle ancloses aren of
uncertainty of 1970 census.
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Census work was done on established paths, to mimimise disturbancea o ather species, and so s
incomplete. To check the proportion of termitories detectable from paths, the 1973 census was
complele. e, we lelt the paths when necessary and so covercd Lhe whole mland, ‘This showed
that 50,5% (49797 of the lermntories were detected Trom paths. In plotiog population changes with
time (Fig. 40 [ have, for consistency, used only those tervitories Jdetectuble from paths: the Tull
census results are given in Tuble 2.

Censtis resulis
Between 198 and 1975 there was a linear increase in the number of warbler terrilories (Fig. 4,
The rate of increase was equivalent 1o 6.2 territones per vear. In o populution expanding mio
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TAHLE 2, Census rosults

Total number of territories
Total number Detectable trony Mot detectable

Month Year  Authonty Source of birds paths from paths
April 1968 P. Lalanne Lalanne 1968 42 I8 =5
June 1970 M.J.Penny Penny 1970 67 2y -
Feb/Mar 1971 D Lloyd Lloyd 1971 o ih f
Sept 1971 M " — A0 11
MariApr 1973 [ Llovd & This stidy — au fiis
AW, Dinmond
Tan 1975 A Diamond " |18 Al _—

& 1K, Wilson

* Ponny (1974) pives 85 birds. | have nsed his earlier fipure as i s the original source amd 5o likely
(o be more relinkble. Both fipures inchude Nedped voong,

Mesrimnted from the total number of birds, using the average 2.3 hirds per territary found in 1474
l,'"upu_t. of Llovd's maps were used 10 extracl the data, mther than using the figures he guve.
Counts of territories not detectable from paths in 1971 wre incomplets

newly colonised habitat o logistic pattern of inerease would be eapected, on Cousing, itseems that
ihe hirds lave been responding instead toa steady increase in the wvailuble hubitat which supplied
an cquul number of new territories ench vear. Unfortumadely vegelation changes have not been
messnred gquantitutively so the poim cannet be eslublished bevond doubt, but regenerarian of
woodland has cerainly proceedad without interruption singe 1968 und the pattern of increase in
the wabler population strangly sugpesis it is hoked o this inerease in available habita

The census unit has been the termtony; individuats may have followed @ diltereol pattern of
incrense. Only since the establishment in 1973 of the study area of marked individuals has it been
possible to detect this. Over the 200 months siudy of this wrea the mean number of birds perterritary
declined from 2.8 to 2,3, the number of terrilories ingreasing from [0 to 11 Lsing rhis latter fipure,
the number af birds a1 the time of the 1973 census (60 territories counted from paths, 39 estimared
oft paths) is estimated as 274, cxcluding recently fadged young

STUDY AREA SAMPLE

Within the stedy area, the number of adults decreased from 28 on 3 Seprember 1973 10 23 on 31
Necember 1974, whereas the population over the whole island increased hy about 12% over the
sume period. Thus the population dynamics of the hirds in the study area were not typicul of the
whole population; the chief difference seemed 1o e in reduced breeding cutpul in the study urea,
bul there are no gquantitative data fram oirside tha study area to conlirm this,

Recruitoeri!

I the study orea. nine chicks were tledoed in 11 termitories containing an average of 26 adults
during the 20-month study_ equivalent o approximately 1 20,8% production per yeal, Four of
these fledged more than one year hefore the end of the study: of these, valy one is known o hive
survived that year. The ather three are thought to have died but may possibly have moved out of
the areqd and evaded snbsegnent detection. though this is very unlikely, Assuming they did die.
Juvenile survival is 23%, reduging the reervitment rate to 208 x 025 — 52%,

Recrnitment in the population us a whole must have been considerably higher, since the popnla-
tion imcreased by about |29 per vear, [Table 21 Ifadult martality is assumed 1o be the same in the
study area and the whole populution (10.7% per vear). then recruitment in the popalation as a
whale can be estimated ux 10,7 + 12,0 = 22,7% per year, or over four times thar in the stidy area,
Territories aversped 5770 Tarer culside Ihl: study erea and the increased crowding within study
aren territories may have sccounted for this reduced recruitment
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Mertadity

Of 28 adults that had been ringed by 30 September 1973 and were seen regularly thereafier, ul
least 24 were certainly stll alive at the end of December 1974, Adult mortality is thus 14,3% ove)
6 months. equivalent to 10,75 per year. Using the formula s~ 2-m /m. where s — mean adull
expectation of life and m - mortality (Lack 1954}, mean annual adult life expectancy is 8,9 years,

The annual adult mortaliny of about |19 is similar to that recorded for other tropical fores)
passerines (Snow & Lill 1974, Fopden 1971) and considerably less than the 35-50% found in
passerines that winier in the tropics but breed at higher latitudes {Roberts 1971, Misbet & Medwoy
1972, Diamond & Smith 1973)

Emigration and immigrarion

Far the population as a whaole these factors can be jpnored, since almast the whaole popilation
hves on the ome island, but the messures of recrutment amd mortality reler to the sty aren and
there may have been movement inand oul of there, However there secms o he it le movemaent af
adulls omee they have established lerritories: none of the birds riged in the shiddy arca amd
submeguently scen repularly within 0 was found in o thorough search of the survoanding arca
dusring the 1975 census, although two birds thut hud been dnged i the study area but nod cesighied
were were found some distunee wway, Movement mto the stedy wrea is harder o deteet sinee,
unless wll chicks can be ringed before they become mdependent (which was ool possible), an
wnringed bird appearing moy have been Nedged within the stody weea,

POPULATION DISPERSION

TERRITORY SIZE

Eleven termitories were partly or wholly contained within the study arca, OF these, six were
considered to have been delimited ressonably accurately by plotting the obscevations of colour-
marked birds (Fig, 5). The area of the territory was tuken us thal enclosed by o line joining the
otermost positions at which hirds were seen, forming 2 polygon (Stanger & Falls 1959, excluding
observations that were unusually Tar from others. The concepl of the "observalion-aren curve'
(Cktiem & Keungler 19551 could not be used here becunuse observalions of murked birds were Loo
infrequent, bul terrtory size was nol relaled Lo the nunber of Gbservalions so this source of erro
is unlikely Lo be important. The qean area of the territories of 18 birds, based on a mean of 46
obsceryvalions per bird., was 1522 m- (5.d.424, rangs 916-2184). Males seemed to have slightly larger
home ranges than females (1734 1 310; 1451 £ 409, respectively), but the difference was not sipni-
ficant {t = 1,46, p << 0,1}, There was no relation between the sive of o proup’™s rervitory and the
number of birds defending it. which ranged from twa o five,

Themean territory size inthe study area, 0,13 ha. is the smallest recorded for any passerine, The
nearest recorded figure, 0,2 ha, is for the Amencan Redstart Seraphaga rericitla (Ficken 1962,
Schoener 19681 which is a migrant and so halds the rerritory only during the hraeding seasan. The
Brush Warbler holds its territery all the vear ronnd, sn the small size is even more remarkahle.
Warblers are more denselv distribored in the study area than elsewhere; the average termitory size,
estimated by dividing the area of the island by the numberof ternitorics, i5 ahout 0,225 ha, The only
other territaries measurad were the two which included the howse and laboratory in open coastal
vegetation with few trees. These covered approximately 1,7 and |2 ha. or more than Len limes Lhe
average size of territories in the forose

If we take the mean termitory size in the study arcs as the minimum thal could be maintaimed., Lthe
maximum numhber of termtorics thal the skand can hold is given by the arca of e islaond divided by
this territory size, Lo, 280,15 = 187 lerritories. This is probably an overestimate. since much of
the hill is hare rock or herbaceous vegelution unsuitable for warblers, At a very rough estimate
twer-Lhirds of the islund may ultimately be covered with forest in which the birds might maintain
terrilories of this size, so the maximum number of territones may be recaleulated as 187 x (0L6T =
125, with perhaps five to 1en on the hill, an isiand total of 130-133 rerritortes, so there is room for
very few more territories unless territory size is compressed stll further, Brietf observations in
Mowvember 1976 suggested that there may still be plenty of room for increasing the numhber of hirds
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Figure 5. Approximate boundaries of warbler temtories in stedy area. Dotted lines: enclose
observations in areas irregularly sampled. Dashed lines: footpaths. Solid lines: approxinule
territorial boundaries, Numbers correspond 10 group numbers in Figure 6]
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perterritory fone that held three birds in 1975 held eight in November 1976), 50 the population may
continue 10 prow substantially even after the masimum number of lermitories 18 reached.

GROUP 51ZE AND COMPOSITION

The composition of groups throughout the study iz shown in Figure 6. In the eleven groups there
wis  mican of 2.7 birds per groop. excluding recently fledged vonng

Thyee groups (9, 10,11) remained of conatan compoasition throughout the study, two of them
producing chicks in 1974, Twa grouns (7 and ¥) changad only by the loss of apparently [ullgrown
birds (that may, nevertheless, have heen juveniles at the beginning of the sludy b, almos| certainly
due to death: one proup decreased from four fo three snd the other Trom foor Lo twa, cach also
producing one chick during the study. Group 6 lost two fully-grown birds within Lwo months bul
gained another in the same perind: they later lost another so decreased from four o two but
involved Five hirds in all, In fonr of the remaining five groups, birds changed groups or formed new
ones. Ingroup 3 a male, fledped six and a half months provioos]y by group | entered the group and
at the same time an apparently established male fefl Lo join o female, that had been aoreguba
‘helper” (zee helow) in group 5, o from a new pair (41, Group 1's male helper alsoleft to join group
2 whose compaosition was nol well known because their termitory was only just included in the
shindy area. Group | also Jost an adult female, which was replaced at once by a female of unknown
AR,

The composition of the 11 groups can be arranged in four apparently distiner catepories:
w) pairss w nude and o female that were seen consistently together in a territory where ather birds
were rurely or never seen. (Groups 4, 100 11 and, temporarily, 1,2,5.6,H),



Figure &, Composition of groups in study area, 1971-74.
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b pair plus helper; male and female seen consistently rogarther: a third hird seen regularly in the
territory, often nlone, except when the pair nestad, when the rhird hird was seen regularly at the
nest or feeding the fledged chick and was clearly a “helper’ in the usual sense (Fry 19721 Only Lwo
groups were of this tvpe. and in both the helper confined ity assistance o only one parl of (he
breeding cycle. Ingroup | the helper (z male) probably shured in incubation, but certuinly ot in
teeding the vonung: this hird later moved o an sdjpcent teeritory where it paived and raised young.
In gronp 5 the helper was a female, and ok no obvious part in breeding until the chick fledged,
when it supplied nearly a quarter of The feeds given W the chick, This bivd later paived with a male
from gronp % that may itsell have been s helper talthough this group was o litde observed 1o be
surg) and formed proop 4.
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¢l Trio: im group 9, and latterly 1n group 7, three birds were seen about equally often in the
territory, no two hirds associating together more frequently. They differed from the previons
category in the lack of any obvious asseciation between any two of the individuals.

d) More than three: In group 3 there was a penod of aboel live months afler a male had jomed the
eroup, while another male was vacillating between this and group 4. in which there were intermil -
tently four birds in the group., Grooup 6 contained belween two and four birds al JifTerent times, aml
five in all during the study peried. Groups 7 and 8 both involved four Birds Tor most of te toee,
though by the end of the study they contained only three and two respectively.

Pairs of course consisted of 4 male and o female: of the two known helpers, one was of each sex,
O the trios, group T contained ene male and two females, and group @ one male with two hirds thi
were not sexed certainby bt whose dimensions suggested they were one of ench sex. All the larger
proups contained at least one bird of each sex but many birds were necessarily unsexed (sce
Methodst There seems therefore 1o be no consistent relationship between the size of o groop and
its sexual compasition, except that each group alwavs contained at least ane bird of ench aex,

SEASONALITY

Figure 7. Seasonality of warbler reproduction m relation to food sipply and ramtall Solid cireles:
at dry weight of insects caught inwater trap (mean of 2 24-hr. samples per manth). b) nomber of
days on which ot least 0,1 mm. rain recorded, corrected to Mi-day manth, 1hstogram: ab monthly
total number of juveniles heard calling on rontine fixed walks, b) wral monthly raintall. Moie tha
the mensure of breeding activity 18 the calling activity ol fledged yvoung, and so Talls uboul two
monthe affer laying (see rext)
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In the for and o hall vears for which records have boeen kepl Brush Warblers have bred twice
each year exeep! im 1973 when they brod enly onee. The eight brecding intervals in the popalation
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ranged from 5 to 8,5 months, imean 6,9 months. Comparison of approximate laying periods with
the total amount of rain, and with rainfall frequency (the number ot days per month that 0,1 mm or
mare rain was measured} shows that laying periods were related more closely to frequency thun (o
total amount of rainfall. Some laving periods (e Sept/Oct 1971, June 1973 fell during a period of
very low rainfall: but all laying periods occurred shorily after a mise in rainfall frequency,

Until food supply was measured, as it was in this study, it was very difficult to explain the
breeding peak that occurs in most years during the dry season (June-Sept). However my records of
rain and imsect abundance (Fig. 7) show that although rainfall is low during the dry season, min
falls often enongh — though in very small quantities to raise insect abundance W ou level
allowing the warblers 1o breed. In the three breeding penods covered by this study, juvenile colly
peaked ahout one aod o hall months after the maxmumansect abundance: o juvenile probably colls
muost vigorously al theee o four weeks old, and the fledging period 14 18 days, so the peak tood
supply occurs approximately at the main hutching peried.

A multiple regression of insect dry weight against rinfall amount und frequency showed thar
() neither amount nor fregueney of min were correlated with insect abundunce in the sune
month, or the next imonth, but were positively correlated with insect diy weight two montls laler
r = 0,53, 19df, p<0.01, ur cach):

{ir)  both amount and freguency of rain combined accaunted for 4358 of the variation in st dey
weight two months later (r = (W67, 19 dl, p=2t 011, whereas each rainfall parameter separutely
accouned for only 28%,;

(i} amount and frequency of rain were so highly intercarrelared (v = 0,62, 18 df, p<0.00) il the
effect of ench on insect dry weight could not be separated staristically. This is probably because
the very high values of all three measures coincide in the wel seasan and are sutticient to outweigh

Fipure 8. Growth in weipht of warbler chicks in different seasons, Verticul lines show rumecs.
Small dors = dry season 1971 Large dots — dry season 1974, Clrcles = wet season 1973-4, Plus
signs = wel season |974-3 — All rwins,

161

147

i 5 7 9 11 1315 17 19 21 23 75 27
AGE (DAYS SINCE HATCHING) |
fledge



265

statistically the numerically minor, but hiologically significant, relationship between rainfall
frequency and insect abundance in the dry season. Visual inspection of Fig. 7 shows thal raimfall
frequency is the only rainfall measure that can account for the dry-season inscel peak. despile The
statistical evidence that ramfall amount 15 equally important.

Courtship, nest building, laying and incubstion probably take sbout two months Gincubation s
known to be 18 days). T'wo months 15 also the tme lag hetween mainfall frequeney amd insecl
abundance. The birds could, therefore, by responding to an inercase in rainfull Tmequency (or, in
the wel season, ranlall amoumt ) Gime ther breedimg effort so thal food was al aomaaimon when Lhe
chick hitched. Whether or not this is how they do it it is quite ¢lear from these three seasons” data
(Fig. 7 that the birds predict changes in the food supply, rather thon respond to them.

Peuks of fowd supply ure o function of rainfall frequency, but the amount of food ineach peak is
evidently influenced by rainfall amount. Prolonged heavy rain — e a protracted period ot high
freguency rainfal] — occurred towards the end of the study penad, in October and December
178, AL s time two warbler nests were found which each contained two chicks, though all
netive nests found previously had contained only one ege or chick. The relationship sugrested
above, between riuin, food and breeding, would atrribute these doubled clitches to o prediction by
the birds thot the sustained heavy min would be followed by o pralonged period of high ool
pbundpnce, suflicient 1o rase twice the neual number of young,

Lower levels of insect abundance were recorded in the dry season than in the wel; amd this
ditference was rellected in the groawth partern of chicks reared in the bwo scasons (F g B Fledgimg
periods and wing prowth were the same in these two seasons, bul weight inereased more slowly,
and reached o lower peak, in the dry sesson than in the wet. The two sels of twins that appeared in
the very wet period referred to above, grow Al notes similar o single chivks rewred during the dey
season, Linfortunately these samples are too smadl W be lested statisticully,
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