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Abstract

Sightings made on an aerial survey in December 3882on a ship-based survey in
January/February 1983 have been used to asseszela the population of common
dolphins Delphinus capensjoccurring over the continental shelf south of thoAfrica.
Thirteen sightings (12 primary) were made in 2,44%.miles flown on the aerial survey
and 10 sightings (6 primary) in 1,772.2 n. milesasted on the ship-based survey.
Sightings and effort in both surveys have beertiBéad by water depth (0-100 m, 100-
200 m) and geographical region (west coast, scdbtr Because of difficulties in
accurately estimating the size of schools in tigblly gregarious species, numbers of
individuals were counted in composite aerial phapfs taken of the school. Radial
distance and angle estimates to sightings fronshifewere smeared to allow for
estimation errors. Assumirgg0) = 1.0, both data sets resulted in roughly simil
estimates of the number of schools (52-58 for §ettxa59 for ship-based across a range
of sensitivity tests), but mean school size esw@mdiffered significantly (454 SE 90 for
aerial, 159 SE 27 for ship-based). As the aerianases were based on counts of animals
in composite vertical photographs, they are comsttlenore reliable than the ship-based
estimates that were made from a lower vantage poidtat a greater angle. Given the
small number of primary sightings on each survewas considered preferable to
produce a combined estimate using school dendity&®s from both surveys weighted
by their inverse variances but applying the me#&gsksize from the aircraft. The
resultant population estimate of 49 schools (CV.28Pand 22200 individuals (CV =
0.35) is discussed in relation to known or estimabeidental mortalities in South
African waters.



INTRODUCTION

In December 1982 an aerial survey was carried eett the putative range of the South
African inshore stock of Bryde’s whales, as a pregufor a shipboard survey for the
same species over the same range in January/FeldiRB8 (Beset al, 1984). Several
sightings of common dolphins were made both duttiregaerial survey and the
subsequent shipboard cruise, and these are usethhaar attempt to establish the
abundance of these dolphins in the area.

Although there is still some uncertainty over thwenber and identity of common dolphin
species in southern African waters, it is generatlyepted that the form that occurs close
inshore on the southern African coast most closedgmbles the long-beaked species
(Samaakt al, 2005), and the type locality f@elphinus capensis the Cape of Good
Hope (Gray, 1828). Six specimens were collectethercruise and all proved to

conform morphologically to the long-beaked formeTdstimates in this paper are
therefore assumed to refer to the spebiesapensis.

MATERIAL AND METHODS

A high-wing, twin-engined aircraft (Partenavia P§2#as chartered to fly a series of
onshore/offshore transects from the coast to tlken2@sobath, and between the latitude
of 31°S on the west coast and the longitude ¢E23n the south coast (Fig. 1). This flight
path was designed to cover the known summer rafdpe anshore stock of Bryde’s
whales, but also included most of the observed semmamge of common dolphins
inshore. All transects were flown at a height @f0D ft (304.8 m) above sea level and at
an average speed of 110 knots (ranging between®420 knots, depending on wind
speed and direction). Two pilots sat up front vittle observers (PBB and MAM) behind
them: all four acted as spotters but the two olessralso took clinometer readings and
recorded all weather, effort and sighting data. dawh sighting the aircraft maintained its
original flight path until the sighting was perpéndar to it, when a clinometer reading
of the angle of the sighting from the vertical wibble taken. The sighting would then be
approached and circled to establish the speciesamtber present (minimum,

maximum, best estimate). At this time school®efphinuswould be photographed
through the open rear luggage door from as negicgaka position as possible, using a
handheld Hasselblad ELM with 250 mm lens and Ektadle 200 ASA film, and a series
of overlapping frames would be taken of each schisioér finishing with the sighting,

the aircraft would return to the trackline.

In total, 4,529 km of trackline were covered orogftluring 32 h 15 min of flying over
seven days between 2 and 16 December 1982. Fotissinmlar treatment of the



shipboard survey for Bryde’s whales (Bestl, 1984), this effort was separated into
four strata: from the coast to the 100 m isobagityben the 100 m — 200 m isobaths, and
to the west and east of Cape Point (or on the aressouth coasts respectively). This
stratification attempted to acknowledge likely dgndifferences, both onshore-offshore
and on west and south coasts. All sightings madenvitie aircraft was on the survey
trackline were categorised as primary sightingsahthose made when the aircraft was
engaged in other activities (including investiggtanother sighting) were categorised as
secondary.

Perpendicular distances from the tracklidewere obtained from the trigonometric
function

d = h*cotan(®)
whereh = altitude of aircraft above sea level ghd clinometer reading.

In the laboratory, the images of each school wesgepted onto a translucent paper
screen in a darkened room and the position of dafgghin marked. Objects sub surface
that could have been dolphins were marked witheayquAfter all images of a school had
been examined, the marked sheets were superimpmsetermine the degree of overlap
between images (Fig. 2). In this, small distindignoups of dolphins, and especially
groups of escorting seabirds, were useful as “larédgi. After the best possible fit had
been obtained between images, duplicate individaradsgroups were ignored and a
composite count obtained. Doubtful individuals wezeorded separately. These
determinations were all made independently of itsld tount.

The Japanese scouting vedsgb Maru no. 2&arried out a sighting survey for Bryde’s
whales over the continental shelf of southern Aftietween 21 January and 14 February
1983 (Fig. 3). A masthead lookout for cetaceansnwytrained observers was maintained
during daylight hours, weather permitting, and sep@nted by observations made on a
less systematic basis from the top of the uppeigeri Estimates of the radial distance and
angle of each sighting from the trackline were maslsoon as possible after the sighting
was made: details of the protocol used in calibgathese estimates have been previously
published (Besgt al, 1984). The vessel would then usually leave taektime to verify

the species identity and to establish (“confirntig group’s size. Groups seen while the
vessel was on the survey trackline in searchingawesle termed primary sightings, and
those seen at other times secondary sightings.



Abundance estimation was effected by applicatiothefDISTANCE program version
5.0 release 2 to determine an estimate of the nuoflsehools ) in a stratum from the
formula:

_ nA
2Lw

where n is the number of primary sightings of schools,
L is the primary effort,
A'is the area of the stratum, and
w is the effective search half-width.

This assumes that all schools on the tracklinelvelseend(0) = 1). Variance of the
sighting rate1f/L) was determined from inter-transect variabilitghweach stratum, with
weighting proportional to transect length.

Estimates of abundance of individua® (vere determined by multiplying by
estimates of mean school size:
P= NE(s)

RESULTS
Aerial survey

Thirteen sightings of an estimated total (besteste) of 4,708 common dolphins were
made during the aerial survey; all but one wermary sightings (Table 1).

Counts from photographs of 11 primary sightingsdateéd a range of confirmed totals
from 127-1,100 individuals with a mean of 454 (SB. Agreement with field counts was
surprisingly reasonable, with an AIC-based selactimongst regressions through the
origin suggesting no bias (non-significant poirtireate of -4%) and a standard
derivation of the relative error of field countswpared to photographic of 47%.

If the doubtful animals are included in the coutig, mean school size increases to 484
(SE100).

Calf proportions in the school (using confirmed mems only) ranged from O to 2.5%:
excluding schools with zero calves (as being eiit@ppropriate social groupings or too
poorly photographed) leaves a range of 0.4-2.5% ainean of 1.4% (n = 9). Given the
difficulty of identifying this reproductive classoim the air, this proportion is almost
certainly an underestimate.



Cockcroft and Peddemors (1990) list estimates lodaicsize for 57 sightings of
Delphinusduring opportunistic aerial surveys off south-éastith Africa. These range
from 50 to 10,000 with a mean of 1,193, but onky $mallest schools (about 50 animals
or fewer) were actually counted, with the othermgestimated by visual subsampling
and extrapolation: the authors comment on theadiltfy of enumerating the larger
schools in this way. There is a suggestion of raugnadff of numbers (at 100, 200, 500,
750, 1000 and 1500, for example — Fig. 4).

Furthermore, most of these sightings were madetunan and winter and often in
association with the sardine run, when seasonakggtgons may occur for the purposes
of cooperative predation (Peschak, 2005). Henaeutld not be unrealistic to expect that
the Cockcroft and Peddemors sample would includehnharger schools ddelphinus

than those photographed here, and for the purpdgbss analysis we have used the
mean school size photographically determined flioenRecember 1982 survey itself.

Estimates of the perpendicular distance of schoioBelphinusfrom the trackline were
available for all 12 primary sightings, and randexin 685 to 4,983 m with a mean of
2,290 (SE 335) m (Table 1). The relatively smalinier of primary sightings and their
distribution away from the trackline complicates fitting of an appropriate function for
estimating effective search half-width (see below).

There was no significant relationship between estoh school sizes)(and the
perpendicular distance at which they were seegspective of whether the sizes used
were the field estimates?(= <0.0005) or those arising from photographicrespwith
or without doubtful animals included?(= <0.0005, and? = <0.0001).

Ship-board survey

Ten sightings of 1,585 (best estimate) common dofpivere made by th€yo Maru no.
27, of which six were primary sightings (Table 2).

All but one of the sightings were recorded as statuthat is both species and school size
were considered “confirmed”; the exception waslestof status 2, where the species
was reliably determined but not the school sizes 3iaes of the nine confirmed schools
ranged from a minimum of 50 to a maximum of 300dm&59 SE 27), so that all fell
below the average size of the schools whose sisedet@rmined from aerial
photographs, and the distribution of schools sestgnated from the ship is significantly
different from that of the photographically detemeul schools (Mann-Whitney U test,
two-tailedp = 0.017).



Abundance estimates

Given the small number of primary sightings in #eeial (12) and ship-board (6)
surveys, these obviously had to be pooled ovesplagial strata in each case to estimate
effective strip half-widthw. Because of the precision of height and angle oreasents

no smearing was implemented for the aerial sutdeyvever for the ship-board survey,
estimates of the DISTANCE smearing parametetr23.6° and = 0.9 were obtained
respectively from the analysis of the estimatedeaagd distance experiment repeated in
Bestet al (1984), and application of the same method fomeded compared to radar
radial distances.

As for Bryde’s whales in Best al (1984), a half-normal model without truncation at
large perpendicular distances was used to estwaBven the small numbers of
sightings, it is not reasonable to attempt to estmmore than one parameter for the
detection function. The data and fits of this maalel shown in Fig. 5. For the aerial
survey the data indicate a clear paucity of sigigticlose to the trackline, most likely as a
result of sighting difficulties from the aircraft imclinometer readings near to 90°. To
correct for this bias, the analysis ignored a sifif.5 n mi either side of the trackline and
the one primary sighting that occurred within thesthus effectively adjusting
perpendicular distance estimates to the extenhiohmthey exceeded 0.5 n mi, an
approach that probably introduces some negativedsiasome schools at a distance of

y = 0.5 n mi might be missed.

The resultant estimates of the number of schooktiiayum are shown in Table 3 for both
surveys. The proportion of the total number thatnghe west coast is minimal or zero.
Table 4 shows the results of sensitivities to usialternatives to the baseline approach
for estimatingyv: making use of the hazard rate instead of ther@iial model for the
detection function, a truncation distanceysf W, alternative widths for the exclusion
strip about the trackline for the aerial surveyd different extents of smearing for the
ship-board survey. Aerial survey estimates shave l#ensitivity to these changes. For
the ship-board survey, the large CV Wwwhen the hazard-rate functional form is used
shows the inappropriateness of attempting usedetection function form with more
than one estimable parameter. Lessening the trionadistanceV, or decreasing the
extent of smearing of the radial distance estimatesild increase the ship-board
abundance estimates by up to some 25%; howevenethigins appreciably less than the
standard errors associated with these results.

In converting the estimated number of schools tionased number of dolphins, it was
decided to use the aerial photographic countstudacsize for both surveys. Discussion
above indicates that these are probably the méable and the significantly lower
values obtained during the ship-board survey alroedainly reflect the under-counting
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that is to be expected from the poorer vantaget poat a vessel provides compared to an
aircraft. In the absence of any indication of rielaship with perpendicular distance, a
straightforward average of the 11 primary aerigh8ngs for which counts were

available was used for §(for trackline estimates.

Results for the baseline estimate of the numbepotghins, together with some
sensitivities, are given in Table 5. Since the swoveys were close in time and covered
virtually identical areas (except for the west ¢asatum for which abundance is
minimal), it seems appropriate to combine the tatingates by weighting each by the
inverse variance of the number of schools estimsbegls to provide improved overall
precision. This yields a school number estimaté%fCV = 0.29) and a population
estimate of 22200 (CV = 0.35) dolphins.

DISCUSSION

The only previous attempt to assess abundancaifopopulation used aerial strip-
transect surveys of the coast between Port Elibadred Durban on the southeast coast of
South Africa in 1988/89 (Cockcroft and Peddemo@90). Although these surveys
extended well beyond the eastern limit of the syidescribed here, 89.5% of those on
which common dolphins were seen were carried otlierperiod March to August, that
includes the annual sardine run in which large nensibf predators migrate up the east
coast. Cockcroft and Peddemors (1990) commentithédé common dolphins could be
found year-round in the coastal sector betweenEl@abeth and East London, sightings
further north were confined to the period Marctseptember with peak densities in July.
Consequently there is no reason to suppose thzalale proportion of the common
dolphin population would be outside the area sesfcluring the December 1982 survey.

Cockcroft and Peddemors (1990) estimated from émsities of dolphins seen on days
when continuous good weather flights were madettieae were about 9,000-12,000
common dolphins between Port Elizabeth and Durbaiady and September, while
maximum counts on days in which flights continuedhe north of Durban (both in July)
suggested as many as 13,000-15,000 dolphins migt between Port Elizabeth and
Richards Bay. Given that no allowance had been rfadsehools missed within visual
range, or for schools occurring to the west of Etitabeth at the time of the survey,
they concluded that the total population might bdigh as 15,000-20,000 animals. The
current estimate is certainly consistent with tt@iclusion.

Common dolphins feature as incidental or by-cabca humber of fisheries or fisheries-
related activities round the South African coasttvieeen 1968 and 1986, 13 common
dolphins are known to have died as a result of simmme of fisheries interaction in the
Western Cape — nine from purse seine nets, two fodwater trawls, one from a beach
seine and one from an unknown fishery. If theserég are considered as a rough guide
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to the degree of interaction with a particular &égh then the purse seine fishery for
pelagic fish (pilchard, anchovy and round herriigd)kely to be the most important
source of mortality. Although there is no systematllection of by-catch statistics, Best
and Ross (1977) estimated that the annual taki dblahin species in this fishery might
be as high as 100 a year, the majority of whichevii&ely to be long-beaked common
dolphins.

The best-documented incidental mortalities of commolphins in southern African
waters are those associated with the nets sebteqgbibathing beaches from sharks on the
coast of KwaZulu-Natal. Between 1980 and 2000 @ wft1,074 common dolphins is
estimated to have been taken in these nets (oreaage of 37 a year), 3.2% of which
were released alive. Catches have fallen noticdatty 2006, to an average of 5 a year,
probably as a result of a combination of poor seduns (that attract the species into the
area) and improved management measures taken biatheSharks Board (that include
lifting the nets in anticipation of the sardine ramd leaving them out longer, and (in
2007) the replacement of 50% of the nets on omcstiof the coast with drumlines) (S.
Dudley, pers. comm.).

The Potential Biological Removal (PBR) of this ptgiion can be calculated using the
formulation developed by Wade (1998), where

PBR = Nmin (O 5(Rma>a Fr)

with Nmin = the minimum population estimate (taken to beldkeer 20th percentile),
0.5Rmay = half the maximum theoretical net productiviage of the population at a

small population size, arfet = a recovery factor between 0.1 and 1. Using #faudt

value of 0.04 foRnaxfor cetaceans, and settiRgat 0.5 to ensure robustness against bias
in the data, the PBR for this population can besssd as 16700 (0.01) = 167. It seems
unlikely that any one of the known sources of ieaitl mortality in South African

waters would exceed this amount, although in coatimn they might approach or
surpass it. However for a more reliable assessofergk, much better estimates of
fisheries by catch, especially in the purse sasfeefy, are needed.
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Table 1: Schools of common dolphins seen and phapbgd from the air off South

Africa, December 1982

Date Type of Est. Perp. Photographic count, Photographic count,
sighted  sighting school dist. total cow-calf pairs
size (m) Confirmed Doubtful Confirmed Doubtful

2 Dec Primary 500 4983 408 18 10 0
3 Dec Primary 250 1099 149 25 2 1
3 Dec Primary 400 1568 409 95 8 2
3 Dec Primary 500 1729 1100 146 7 2
3 Dec Secondary 8 7 2 0 0
3 Dec Primary 300 2482 314 0 0 0
5 Dec Primary 600 3484 637 44 5 0
12 Dec Primary 300 685 235 0 5 0
12 Dec Primary 150 2675 127 1 3 0
12 Dec Primary 100 2482 267 8 1 2
12 Dec Primary 500 1821 817 0 4 0
12 Dec Primary 1000 1568 532 0 0 0
12 Dec Primary 100 2900 n/a
Total 4708 5002 339 45 7
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Table 2: Schools of common dolphins seen on shgrebsurvey off South Africa,
January/February 1983 (status 1 = school size woedl, 2 = unconfirmed)

Date  Type Position School size Status Est Perp.
estimate angle dist. from
i : : from course
Latitude Longitude Max Min Best course .
(n mi)

s) (B

23- 60 50

Jan Primary 34.63 24.63 50 1 65 2.27

25- 60 60

Jan  Secondary 33.77 26.65 60 1 30 0.40

26- 150 100

Jan Primary 33.83 25.93 120 1 2 0.05

27- 250 200

Jan Primary 34.25 24.88 230 1 23 0.59

29- 100 100

Jan  Secondary 34.77 22.80 100 1 30 0.40

29- 250 250

Jan Primary 34.88 22.78 250 1 30 0.50

09-

Feb Primary 34.20 1830 125 50 100 1 35 0.75

12-

Feb Secondary 34.73 19.07 200 80 200 1 30 0.50

13-
Feb Primary 34.87 20.48 300 300 300 1 90 0.80

13-
Feb Secondary 34.83 20.38 200 150 175 2 45 0.92
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Table3: Contributing factors (see text for detadlsyl resultant line transect estimates of
the number oDelphinusschools ) for a) aerial and b) ship-board surveys off South
Africa in 1982/3. The numbers in parentheses ars. &dr the aerial survey, the total
number of primary sightings is less than the 1f2disn Table 1 because the abundance
estimation procedure adopted excludes sightingsiwé perpendicular distance of 0.5 n

mi from the trackline.

a) Aerial Survey

Cape Point to East London

Orange River to Cape Poinfotal

Stratum 0-100mSI ___100200m SO __ 0-100 mWI__100-200 m WO

Primary sightings n 8 2 0 0 10
(Pn”rr:f)‘ry effort L 985.92 992.64 171.08 296.02 2445.66
Sighting rate

e/ 100 m) niL 0.0081 (0.26) 0.0020 (0.56) O 0

Effective search half

width (0 1) 1.26(0.29)  1.26 (0.29) ; ;

Area 1 mi)2 A 11279 17732 1796 5117 35924
No. schools N 37 (0.35) 14 (0.60) 0 0 50 (0.34)

b) Ship-board survey

Cape Point to East London

Orange River to Cape Poinfotal

Stratum 0-100mSI ___100200m SO __ 0-100 mWI__100-200 m WO

Primary sightings n 2 3 1 0 6

(Pn”rr:f)‘ry effort L 522.30 583.10 300.10 366.70 1772.20
Sighting rate

e/ 100 m) niL 0.0038 (0.51) 0.0051(0.52)  0.0033 (0.67) O

Effective search half

width (n ) 177(0.32)  1.77 (0.32) 177(0.32) -

Area 1 mi)2 A 11279 17732 2862 14318 46191
No. schools N 12 (0.60) 26 (0.61) 3(0.74) 0 41 (0.48)
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Table 4: Sensitivity of estimates of the numbebefphinusschools off South Africa
given in Table 4 to alternative prescriptions fstimating the effective search half width
w. Wis the value oy at which the data are truncated in the analysesntimber of
sightings considered in each analysis is indichieal This number may be less than the
number of primary sightings listed in Tables 1 dreZause the analyses truncate
sightings near to or far from the trackline.

Approach No. schools(CV)
Aerial BaselineW — o,y >0.5,n = 10 50 (0.34)

Truncations

W =3.5f =10) 50 (0.34)

W=25f =10) 48 (0.35)
Adjusted distances

y>0.360=11) 49 (0.34)

y >0.4 6 =10) 47 (0.35)

y>066=9) 47 (0.34)
Hazard-rater{ = 10) 44 (0.35)

Ship-board |Baseline W — «, @ = 23.6°s = 0.9,n = 6) 41 (0.48)

Truncations

W=35f(=6) 46 (0.48)

W=25f=6) 53 (0.50)
Smearing

2 =0.01°s=096 =6) 40 (0.48)

2 =236°s=0.66=6) 46 (0.49)

2 =23.6°s=0.30=6) 50 (0.50)

2 =23.6°5=0.01 0 =6) 49 (0.49)

2=0°%s=0h =6) 49 (0.50)
Hazard-rater{ = 6) 59 (1.54)

Table 5: Estimates for the number@élphinusoff South Africa for the surveys
separately and combined. Baseline estimates udemed photographic counts from the
aerial survey for H).

Approach No. schools (QY¥School size (CY] No. dolphins (CV) [
N E(s) 95% C.I. ]
Aerial Baseline 50 (0.34) 454 (0.20) 22700 (0.40) [1a4p
45400]
E(s) includes doubtfyl 50 (0.34) 484 (0.21) 24200 (0.A@100,
48400]
Ship-board Baseline 41 (0.48) 454 (0.20 18600 (0.6810,
48600]
E(s) from ship-board 41 (0.48) 129.17 (0.2Q) 5300 (0.52p40,
1380]
Combined| Baseline 46 (0.28) 454 (0.20) 20900 (0.34)

[10800, 40200]
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Fig 5: Distribution of perpendicular distancedDalphinussightings from the trackline

on a) an aerial survey in 1982 and b) a ship-beardey in 1983 off South Africa. The
curves shown are the fits of the half-normal débeciunction to these data. Note that for
the aerial survey, this fit is only for distancesaer than 0.5 n mi (see text for reasons).
The data in b) have been smeared to account faeigion in distance and angle
estimates.
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