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Abstract

This study investigated the dynamic of mother-offspring common dolphins (Delphinus sp.)
engaged in foraging activities in the Hauraki Gulf, New Zealand. While previous studies have
demonstrated the importance of Hauraki Gulf waters for feeding and nursing common
dolphins, no previous study has systematically assessed the dynamics of mother-offspring
pairs engaged in foraging activities. During 228 hr of survey time, a total of 49 independent
focal groups were recorded between March and July 2009. All observations were conducted
from the surface using the platform of opportunity, Dolphin Explorer, a 20 m tour boat.
Variables examined included group size, composition, offspring presence, predominant
behavioural state, foraging strategies employed, associated species, mother-offspring
relationship, and location of offspring within groups. This study tested the hypothesis that
foraging strategies employed by mother-offspring pairs would be influenced by
environmental and anthropogenic parameters, group size, and associated species. It also
examined the influence of associated species and foraging strategies on the mother-offspring

dynamic within focal groups.

Sighting Per Unit Effort (SPUE) and Offspring Per Unit Effort (OPUE) varied by month, with
SPUE and OPUE being highest in March and July, respectively. Mother-offspring pairs
predominantly engaged in cooperative foraging strategies (97%), and were less likely to
engage in individual strategies. Cooperative feeding groups likely provide better protection to
young and vulnerable dolphins, as well as a more prolific food supply to lactating females and
their offspring. Water depth, sea surface temperature and group size had no influence on
foraging strategies employed by mother-offspring pairs. Groups comprising immature
dolphins typically altered their behaviour more frequently in presence of vessels, with
presumed mothers keeping their offspring away from boats in 80% of encounters. However, a
limited sample size likely impeded the statistical significance of this observation. Behavioural
changes and potential vessel avoidance during foraging activity may occur as a response of
perceived threat. Cooperative foraging strategies employed by focal groups had no significant
influence on the location of the young. Offspring were observed in echelon position during
93.6% of the time dolphins foraged, and were never separated from their assumed mother
during individual foraging strategies. Echelon position may enhance better predatory

protection, as well as learning during foraging activities.
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Mother-offspring pairs were observed in association with Australasian gannets (Morus
serrator) and Bryde’s whales (Balaenoptera brydei) during 68.4% and 8.4% of encounters,
respectively. Prevalence of dolphin cooperative feeding is likely to attract and benefit
associated species. While neither species were found to affect the foraging strategies
employed by mother-offspring pairs, diving gannets did affect the position of mother-
offspring pairs within feeding groups, with offspring typically located on the peripheral edge
of the focal group. Conversely, no such affect was detected for associated feeding involving
Bryde’s whales. Since mothers permit offspring in the centre of mono-specific feeding
groups, it seems plausible that the use of peripheral regions maybe associated with the
presence of mixed-species feeding aggregations. This apparent shift in mother-offspring
position is unexplained, although may represent perceived risk by the assumed mother.
Results presented here extend our knowledge of foraging behaviour and mother-offspring

common dolphin dynamics in the Hauraki Gulf, New Zealand.



Table of Contents

ACKNOWIEAZIMENTS ..ottt ettt ettt e et e bt e et e e saeeenbeesseeenseans II
ADSIIACE ..ttt et b e b e bttt et a et h e b e et st e bt et IV
Table Of CONLENLS ...c..eitieiieiieiiee ettt st b ettt et e s bt et e st enbeenne e VI
LISt OF TabIES ...ttt st ettt et et aeeens VIII
LISt OF FIGUIES ...ttt ettt ettt e et et eebeesateenbeesneas IX
Chapter ONne: INIFOAUCIION ..............ccveeueeeiieeieeeieeeie ettt ste et e s te et e siaeebeesaaeeseesnseeseenanas 1
L R 250 T ) .1 SRS 2
1.2. Distribution and abundance............c.cueeuieiiiiiieiiieee e 2
1.3. Biology and mOTpholOZY .........coeuieiiiiiiiiiiiieieee ettt 6
L4 BERAVIOUT ...ttt ettt ettt et sb et et s b enae s 12
1.4.1. S0CIal OrZANISALION ....c.vvieeiieiiiiiiieeieeiee et et et e et e sreeteeseeeebeeseseesaesssessseessneensaens 12
1.4.2. Mother-offspring relationShips.........ccceerieeiierieeiieiecieeee e 12
1.4.3. FOraging behavioUT ...........ccocuiiiiiiieiiie ettt eesivee e e e eaaeeenneas 13
S T TSRS PR P 15

1.5. Conclusion and hypOtheSes .........c.ceviiiiiiiriiiiieie ettt 17
Chapter Two: Methods and MateriQls ...............ccooucueeecuieesciieeiiieeiieeeeieeseeeeeieeesieeeevee s 19
B B 1 16 A3 1 <SPPSR 20
2.2, Data COIRCLION. ....eoutiiiiieiie ettt ettt ettt e sttt e s it e e beesateebeeennes 20
2.2.1. RESCAICH VESSE ..ottt sttt s 20
2.2.2. Approach and environmental data............cccceeeruieriieiiiniiieiiecieee e 22
2.2.3. Defining dolphin Groups.......cceeeciiieeiieeiiee ettt eseae e e 23
2.2.4. Instantaneous SCAN SAMPIING .......eeruieriiriiieriieieeie ettt 24

a)  GIOUP COMPOSILION ....eeiuiieiiieiiieiieeiteeite et esiteeteestteebeesteeebeensaesabeensaeenseenssesnseennnaans 24

D) BERAVIOUT ..ottt ettt ettt e saeenaeenbeenneas 26

C)  FOraging StratC@ICS .....c.eeecuiieeiiieeiiieeeiieeeieeeeiee et e et eeeteeesaaeestaeesssaeessseeessseeensseens 26

d) Mother-offspring relationShips.........ccooueeiiieiiiiiiienieeee e 31

€)  ASSOCIALEA SPECIES ..c.uvieiieeirieiieeieetie et e rite et estteeteestteebeesteeesbeesseesaseessaeenseessneenseens 32

2.3, StatiStical ANALYSES ..cccvieruiieiieriieeiieeiie ettt ettt e et e et e e teeeaeebeeetbeetaeerbeenreennnes 33
CRAPLET TRVEE.! RESUILS ...ttt et e e aae e e tae e s sbaeesseeesnseeeenseeenseas 34
I B 25 153 1 1<) i 10 o O USROS PPRUUSUURRRRRRR 35
3.2. GrOUP COMPOSIEION ....tieueiieniieeirieiieeiteeteesteesteeeteesteeesseenseesnseesseeenseesssesnseessseanseesssesnseens 37
3.3. Influence of environmental variables on mother-offspring foraging strategies............ 39



33,1 Water dePth oottt enbaens 40

3.3.2. Water teMPETALUTE ...cc.uvviieeeiiieeeeiieeeeeiteee e et te e ettt e e e st eesenaaeeeeeaneeeeenasseeessnnees 41
3.3.3.0 GIOUP SIZE .ottt ettt ettt ettt ettt ettt be et e e e sbeetesaeesbe et 42
3.4. Influence of anthropogenic parameters on mother-offspring pairs..........c.cccccvvevveennenne 42
3.4.1. Reaction of foraging doIphins ...........ccceceeriieiiieiiieiiieie e 42
3.4.2. Minimum distance between dolphins and boat............c.cceovveeeiiieniiiiicieceeee, 43
3.5. Influence of associated species on mother-offspring pairs ..........cceveevieenienieeneennnen. 43
3.5.1. Influence on foraging Strate@ies .........ceeueeriierieeriieiieeie e eiee et sve e ae e 43
3.5.2. Influence on location of offspring within foraging group...........cccceeevveervercveennnens 45
3.6. FOTaging Strat@@ICS .....cuueeecuieeeiieeiiieeiieeesieeeriteeetteesteeesaeeesaeeessseeesseessseessneesnseeensnens 48
3.6.1. Position of offspring Within Group ..........cceceeriieiiiiieeieeee e 48
3.6.2. Presence of offspring on foraging strategies employed ..........cccoevveeiiienieniiennnn. 49
3.7. Mother-offspring relationships during foraging activity..........cceeceevverciieniencieeneennnen. 50
Chapter FOUP: DISCUSSION .........cccuueeeueeeiiieeciieeesieeesieeesieeesteeeseaeesssaesssaeessseeesseeesseessnseesnssens 52
4.1. Mother-offspring foraging Strat@@Iies ...........ccevveeriuieeriiieeriieerieeeeeeeeieeesreeesveeenaee e 53
4.1.1. Environmental variables..........ccccooviiiiiiiiiiiieiee e 53
4.1.2. GIOUP AYNAMICS ..veevvieeiiieiieeieeiieetteiteeteesteeeteesteessteesseessseenseessseeseessseeseesssesnseens 54
4.1.3. Prevalence of cooperative foraging..........ccccueecveerieeviienieeiiienieeieeneesveeveesveeneens 55
4.1.4. ASSOCIALEA SPECICS ..c.uvveeeuriieeiieeeiieesieeesteeesiteeestaeeestaeeeseeessaeeessseeessseeensseesnsseesnsnens 58
4.2. Dynamic of mother-offspring pairs during foraging activity..........ccecceeveueeriieneeeneeennen. 61
4.2.1. Location within feeding groups.........ccceereeeeiierieeiieniie ettt 61
4.2.2. Mother-offspring relationsShips..........cceeeieiciieriieiiierie ettt 63
4.3, VESSCL PIESEIICE ..eeeuvvieeneiieeiieeeiieeeiteeeteeeetteesteeestteeessseeessseeenssaessseaessseeessseeensseeensseeennns 64
Chapter Five: CONCIUSION ...........cccocuereivieiiiiiiiiieeeteeit ettt sttt ettt 66
S SUMMATY ..ttt ettt e st e st e e st e e sabee e s bt e e saseeennbeeeneeas 67
5.2. Limitations and significance of the study ...........cccceviiiiieniiiiiiniceeeee e 68
5.3, FULUIE T€SCAICH ...t 71
RETRIEIICES ...ttt ettt ettt e st e et eenbeebeesateebeeennas 73
FaN o] 01531 T 1 U SPP TP URPRRTSR 92
APPCNAIX 2 oottt ettt ettt ettt e et e et e b e e tt e et e e taeebe e tbe e beeetaeanbeeesbeensaeenaeensaennnas 93
F N 08157 116 1 G TR 94

VII



List of Tables

Table 1: Definition of age categories recorded for common dolphins (Delphinus sp.) in
the Hauraki Gulf, New Zealand .........coooouuviiiiiiiiiiiiiiiiieeee ettt 25
Table 2: Definition of behavioural states recorded for common dolphins (Delphinus sp.)
in the Hauraki Gulf, New Zealand ..............cccoovvviviiiiiiiiiiiieeee e 27
Table 3: Definitions of behavioural states of species associated with common dolphins
(Delphinus sp.) in the Hauraki Gulf, New Zealand..............cccoooveriiiiniinniiiniiniieeeee 32
Table 4: Monthly summary of surveys and on-effort search time (hr) in the Hauraki Gulf,
New Zealand between 18 March and 27 July 2009 ..........ccoovieeiiieriieeeieeeeeeee e 35
Table 5: Monthly analysis of common dolphin (Delphinus sp.) sightings in the Hauraki
Gulf, New Zealand between 18 March and 27 July 2009. Note: SPUE = Search Per
Unit Effort, OPUE = Offspring Per Unit Effort...........ccccoooieviiiiiiniiiiieceeceeee, 36

VIII



List of Figures

Figure 1: Common dolphins (Delphinus sp.) mating in the Hauraki Gulf, New Zealand ....... 1
Figure 2: Approximate known distribution of the (a) short-beaked (D. delphis) and (b)
long-beaked (D. capensis) common dolphin............cccecveeiieniieiiienieniieiece e 4
Figure 3: Pigmentation pattern on a common dolphin (Delphinus sp.) in the Hauraki Gulf,
NEW ZEALANM ...t ettt ettt et eeeas 7
Figure 4: Young calf with foetal folds visible on both sides of the body. White arrows
point to three VISIDIE fOIAS.......oeiuiiiiiiiieiieiece e 11
Figure 5: Mother-calf common dolphins (Delphinus sp.) in the Hauraki Gulf, New

ZRALANM ... ettt ettt btesabeeeeas 19
Figure 6: The Hauraki Gulf Marine Park, on the east coast of the North Island, New

ZRAIANA ...t ettt h ettt b et enaeennes 21
Figure 7: High-speed pursuit. dolphin pursues solitary prey on a zig-zagging chase ............ 28

Figure 8: Kerplunking: a) dolphin lifts flukes vertically above the surface, b) flukes are
thrust down and forward, c) the dolphin straightens and dives, while cavitation
splash is observed at the SUIface ............cociiiiiiiiiiieiie e 28

Figure 9: Fish-whacking: dolphin stuns its prey by catapulting it through the air with its
BAIITTUKES ...ttt ettt 29

Figure 10: Line-abreast: dolphins swim closely side-by-side, driving fish in front of them . 29

Figure 11: Wall formation: dolphins drive fish towards another group of dolphins .............. 30

Figure 12: Carouselling: dolphins cooperatively encircle a school of prey, trapping them
against the waters surface. Note: bubble-blowing underneath prey school ................... 30

Figure 13: Common dolphin (Delphinus sp.) in the Hauraki Gulf, New Zealand.................. 34

Figure 14: Mean SPUE and OPUE of common dolphin (Delphinus sp.) sightings in the
Hauraki Gulf, New Zealand between 18 March and 27 July 2009 ..........ccccocvvevrvenrennen. 36
Figure 15: Proportion of time mother-offspring common dolphin pairs were observed

during each month in the Hauraki Gulf, New Zealand between 18 March and 27 July
Figure 16: Proportion of time common dolphins (Delphinus sp.) were observed in each

group size category in the Hauraki Gulf, New Zealand between 18 March and 27
JULY 20009 ..t ettt et ettt st bt e sabeeneas 38

IX



Figure 17: Proportion of time common dolphins (Delphinus sp.) were observed in each
group size category for each month in the Hauraki Gulf, New Zealand between 18
March and 27 July 2009 ........coeoiiiiiiiiieiet ettt 38

Figure 18: Proportion of time mother-offspring pairs were observed in each group size
category each month in the Hauraki Gulf, New Zealand between 18 March and 27
JULY 2000 ...ttt ettt h et nt e te e neeeneennes 39

Figure 19: Proportion of time mother-offspring pairs spent in each foraging strategy in
the Hauraki Gulf, New Zealand between 18 March and 27 July 2009 .............ccc......... 39

Figure 20: Monthly mean depths (m) for common dolphin (Delphinus sp.) groups
containing adults only and mother-offspring (M-O) pairs sighted in the Hauraki
Gulf, New Zealand between 18 March and 27 July 2009.........cccocoevieiiniinenninicennnn. 40

Figure 21: Monthly mean SST (°C) of adult common dolphins (Delphinus sp.) only and
mother-offspring (M-O) pairs sighted in the Hauraki Gulf, New Zealand between 18
March and 27 JULY 2009 .......c.ooouiioiieieeeeieeee ettt 41

Figure 22: Mean SST (°C) for foraging strategies employed by mother-offspring pairs
observed in the Hauraki Gulf, New Zealand between 18 March and 27 July 20009........ 42

Figure 23: Influence of group size on foraging strategies employed by mother-offspring
pairs in the Hauraki Gulf, New Zealand between 18 March and 27 July 2009 .............. 44

Figure 24: Influence of Australasian gannets on foraging strategies employed by mother-

offspring pairs in the Hauraki Gulf, New Zealand between 18 March and 27 July

Figure 25 : Influence of Bryde’s whales on foraging strategies employed by mother-

offspring pairs in the Hauraki Gulf, New Zealand between 18 March and 27 July

Figure 26: Proportion of time mother-offspring pairs spent in each position within
foraging groups in presence and absence of associated species in the Hauraki Gulf,
New Zealand between 18 March and 27 July 2009 ..........cccovveviiieriiieeieeeeeeee e 48

Figure 27: Position of mother-offspring pairs within foraging groups for each foraging

strategy recorded in the Hauraki Gulf, New Zealand between 18 March and 27 July

Figure 28: Mean foraging strategies employed by mother-offspring (M-O) pairs in the
Hauraki Gulf, New Zealand between 18 March and 27 July 2009.........c.cccoceeveviennnne. 49



Figure 29: Proportion of foraging strategies used by common dolphins (Delphinus sp.) in
the presence and absence of offspring in the Hauraki Gulf, New Zealand between 18
March and 27 July 2009 ........coeeiiiiiiiieeeeeeet et e 50

Figure 30: Position of offspring to their presumed mother during foraging strategies
recorded in the Hauraki Gulf, New Zealand between 18 March and 27 July 2009........ 51

Figure 31: Travelling common dolphins (Delphinus sp.) in the Hauraki Gulf, New
ZRALANM ... et ettt et et e e bt e sabeeneas 52

Figure 32: Spy hopping common dolphin (Delphinus sp) in the Hauraki Gulf, New
ZRAIANA ...ttt ettt ettt ettt et e b enees 66

XI



