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Multi-predator feeding aggregations (MPFAs) are ocean events whereby 
two or more species forage on the same or co-occurring prey. Such com- 
munities are dynamic, with community structure reflecting the connections 
between species and the benefits and costs of associations. The analysis of 
MPFAs provides an overview of ecosystem health, with social networks re- 
flecting prey and available resources. Demographic analyses of MPFAs can 
act as process-based indicators of community responses to rapid change. 
To understand complex community dynamics, we identified community 
types in MPFAs using hierarchical clustering and determined the social 
associations and roles of the different species present. We collected data on 
179 MPFA events, recording 55.4 hours of behavioural observations from 

33 843 individuals belonging to 19 seabird and three cetacean species in the 
Hauraki Gulf, New Zealand. Eight MPFA community types were identi- 
fied, representing planktivorous, scavenger or polytrophic aggregations. 
Seabird–cetacean and seabird–seabird associations dominated species as- 
sociations. We interpret the species’ roles by combining our observations of 
behavioural states with knowledge from the literature. The study of marine 
MPFAs offers a community-level perspective for understanding community 
dynamics and food-web organization under future ecosystem changes. Us- 
ing social network analyses, we advance the understanding of species inter- 
connectedness to better inform ecosystem-based conservation management. 

This article is part of the theme issue ‘Multi-predator feeding aggrega- 
tions in pelagic waters’. 
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. Introduction 

ulti-predator feeding aggregations (MPFAs) are dynamic ocean events 
hereby two or more species forage together on the same ephemeral prey
atch. When predators detect underwater prey, they may herd it to the surface,
cting as foraging facilitators, increasing prey availability for surface-feeding 
redators [1 –3 ]. This activity may attract other predators using acoustic, visual
nd/or chemosensory signals [4 ], leading to the formation of an MPFA. While
oraging near others can increase competition, using the behaviour of other
redators to enhance foraging opportunities may outweigh these costs. Social 
ontexts and predator–prey relationships are important structuring forces de- 
ermining MPFA composition and species co-occurrence patterns, with social 
etworks reflecting the processes that drive species to coexist [5 ]. 
Flexible foraging strategies and diverse foraging behaviours drive 

pecies to exhibit variable functional roles within MPFAs, with community 
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Figure 1. Map of the Hauraki Gulf study area (denoted by the black box on the inset map) with multi-predator feeding aggregation events shown by the black dots 
( n = 179). 

c nd hetero-specifics at the sea surface [6 ]. Social 
n . Individuals use the behaviour of others to locate 
r g to social structures that correlate with resource 
d om, reveals how this information spreads and can 
i epends on the interactions between species, with 
r de [7 –9 ]. 

health, with social networks reflecting prey and 

a e mammals, are often considered ocean sentinels, 
p rm reflecting these across multiple trophic levels 
[  community ecology studies [1 ,13 ], single-species 
s ships are essential for species’ survival in an ever- 
c y between taxa, with interspecific interactions and 

f
erstanding community dynamics and food-web 

o  of MPFAs can act as process-based indicators of 
c d complex community dynamics of MPFAs, our 
r ierarchical clustering, and (ii) what are the social 
a

lf) is well recognized for its biological diversity, 
p ors it supports. However, with increasing envi- 
r ucing in size and number, with changes in prey 
a 8 ]. These characteristics make the Gulf the per- 
f y revealing how MPFA dynamics can be used 

t  to better inform ecosystem-based conservation 
m

2
T 175◦ 30 ′ E) on the northeastern coast of Aotearoa 
N gafauna including seabirds, sharks and cetaceans 
[

omposition reflecting the risk-reward trade-offs of foraging alongside con- a
etworks reflect information sharing about food sources and predator presence
esources and assess risk, influencing their own foraging decisions and leadin
istribution. The structure of a social network, including who interacts with wh
nfluence foraging efficiency and population dynamics [5 ]. MPFA persistence d
oles terminating when the MPFAs are not beneficial or social structures degra
The demographic analysis of MPFAs provides an overview of ecosystem 

vailable resources [5 ]. Marine megafauna, including seabirds, sharks and marin
roviding indications of anthropogenic stressors with the communities they fo
10 –12 ]. While species’ aggregation around a prey source is well-recognized in
tudies of large marine animals are more predominant. These foraging relation
hanging ecosystem. However, the function and extent of these interactions var
acilitation influencing the organization of communities [14 ]. 
The study of marine MPFAs offers a community-level perspective for und

rganization under future ecosystem change [6 ,15 ,16 ]. Demographic analyses
ommunity responses to rapidly changing ocean health. To better understan
esearch focused on (i) what community types can be found in MPFAs using h
ssociations and roles of different species engaged in MPFA events. 
The Hauraki Gulf—Tı̄kapa Moana—Te Moananui-ā-Toi (hereafter, the Gu

roductivity and the wide variety of marine ecosystems and marine predat
onmental pressures, anecdotal evidence indicates the Gulf’s MPFAs are red
vailability driving shifts in prey selectivity [17 ] and association patterns [1
ect case study for testing and applying demographic analysis tools thereb
o facilitate a greater understanding of species roles and interconnectedness
anagement. 

. Material and methods 
his study was carried out in the Hauraki Gulf (36◦ 10 ′ –37◦ 10 ′ S and 174◦ 40 ′ –
ew Zealand ( figure 1 ). This productive ecosystem is a hotspot for marine me
19 ,20 ]. 



3
royalsocietypublishing.org/rstb

Phil.Trans.R.Soc.B
381:

20250198
.......................................................................................

 2019 to August 2021 onboard the University of 
A ssel, the MV Dolphin Explorer . MPFA events were 
d nner [21 ]. Three to six observers used binoculars 
a s of MPFA activity, including whale blow, surface 
d PS location, and using continuous scan-sampling 
w  their behaviours within the MPFA, with changes 
i ation period. Recorded behaviours were classified 

a esting) (see the supplementary material, table S1 
f constraints forced the vessel to move on, or a rep- 
r nces of behaviours were observed by individuals 
o

 7 + PERMANOVA) and SOCPROG (version 2.9). 
W anization and ggplot [23 ] and igraph [24 ] packages 
f

(
A  workups each species and species group encoun- 
t ean group size of species was compared using a 
g on. The effects of species ( n = 22), cluster ( n = 8), 
s ere tested. GLMM results were then investigated 

u  factor levels. Owing to low attendance Caspian 
( ntified terns’. Likewise, owing to their functional 
a tta maoriana ) and other unidentified storm petrels 
w earwater and petrel species, there were occasions 
w hearwaters’. 

were calculated for each MPFA event to indicate 
t nce within a community. 

(
T index using PRIMER-e to determine variables in- 
fl e square root transformed to reduce the dominant 
c ierarchical cluster analysis were performed using 
P ty pairwise comparison ANOSIM test) and SIM- 
P med, clustering MPFAs by composition similarity 
a between MPFAs. MPFA composition was further 
t  (PERMANOVA), which analysis interactions be- 
t

(
S  transformed data of the presence and absence of 
s  simple ratio method, using the co-occurrence of 
s ever) between species pairs. These indices were 
c ial association matrix and matrix plot using the 
p were excluded from this analysis. Because these 
g ggregate of connections from different constituent 
s

(
U  in each of the behavioural states (supplementary 
m e ‘duration’ of time the group spent in different 
b , the proportion of the group performing the be- 
h rtions were then used to summarize the group’s 
e ging. Using the proportions for each sample inter- 
v tes throughout the MPFA duration was generated 

f
ith a GLMM of the quasi-binomial error distribu- 

t ithin MPFA events. Each explanatory categorical 
Our study of MPFAs was conducted 2–3 days per month from September
uckland’s 15 m research vessel, the RV Hawere and the 20 m whale watch ve
efined as aggregations of two or more species foraging in a coordinated ma
nd the naked eye, employing continuous scanning methodology to detect sign
isturbance and flying or diving seabirds. For each MPFA event, we recorded G
e recorded the species present, the number of individuals of each species, and

n the behavioural states of the different species recorded throughout the observ
s foraging, active non-foraging (e.g. flying), or non-active non-foraging (e.g. r
or classifications). MPFAs were observed until foraging activity stopped, time 
esentative sample of the event had been recorded, for example, repeated seque
f the same or different species during the event. 
Analyses were conducted in RS tudio (version 1.4.1717), PRIMER-e (version
ithin RS tudio , the tidyr package [22 ] was used for data management and reorg

or data visualization. 

a) Attendance 
ttendance of species within MPFA events was determined as the percentage of
ered, ranging between 0% = never attending and 100% = always attending. M
eneralized linear mixed model (GLMM) with a quasi-Poisson error distributi
eason ( n = 4) and MPFA richness (number of species) on mean group size w
sing a one-way analysis of variance (ANOVA) and pairwise comparison for
 Hydroprogne caspia ) and other unidentified terns were all combined into ‘unide
nd ecological similarity, white-faced ( Pelagodroma marina ), New Zealand ( Frege
ere combined into ‘storm petrels’. While we primarily identified different sh
here this was not possible, so we combined these into ‘unidentified petrels/s
The Margalef species richness index [25 ] and Shannon diversity index [26 ] 

he total number of species within an MPFA and species evenness and domina

b) Cluster analysis 
o investigate community composition, we generated a Bray–Curtis similarity 
uencing the observed community structure [27 ,28 ]. MPFA abundance data wer
ontribution of abundant species. Non-metric multidimensional scaling and h
rimer-7 to determine community types (hereafter clusters). SIMPER (similari
ROF test of multivariate structure within the dendrogram analysis were perfor
nd identifying species and their relative contribution to observed differences 
ested using a non-parametric permutational multivariate analysis of variance
ween factors. 

c) Social association index 
ocial association analysis was conducted in SOCPROG v2.9 using square root
pecies in MPFAs [29 ]. Values for social association were calculated using the
pecies to determine the degree of affinity (1 = always co-occurring and 0 = n
ombined with the number of associating species (degrees) to generate a soc
ackage igraph [24 ]. Unidentified terns and unidentified petrels/shearwaters 
roups comprise multiple species, their social connections would represent an a
pecies, some of which are already included in the model. 

d) Behavioural states 
sing the group focal follow data, we analysed the time that each species spent
aterial, table S1). Using time stamps, sample intervals were indicators of th
ehavioural states throughout the MPFA. To minimize the effects of group size
aviours (from 0 = no individuals to 1 = all individuals) was used. The propo
ngagement in the states foraging, active non-foraging and non-active non-fora
al, an overall sum of the proportion of time spent in each of the behavioural sta
or each species group. 
The proportion of time species spent in each behavioural state was analysed w

ion for 0–1 proportion data, weighted by the mean group size of each species w



4
royalsocietypublishing.org/rstb

Phil.Trans.R.Soc.B
381:

20250198
.......................................................................................

v ons with significance at p < 0.05. Overall activity 
b bserved in more than 5% of MPFAs were included 

(
ty, duration, richness and season were applied to 

d nd within-species differences. 

3
D ips and 198 hours of survey effort. We conducted 

2 an average survey duration of 5.2 and 3.4 hours, 
r

(
W es: 16 seabird species, three cetacean species and 

t rm petrels). Of these MPFA events, 33% ( n = 59) 
o FA event attendance ( table 1 ) varied, with a mean 
o FA size and richness were variable across events 
(  attending species were the Australasian gannet 
( ring shearwater ( Puffinus gavia , n = 111). 

lef’s richness index (GLMM, ANOVA, p < 0.005). 
G ed (0.97 ± 0.25) with richness ( p < 0.005). Pairwise 
c ate ± s.e.; − 0.55 ± 0.18; p = 0.01) and spring than 
w

(
H on presence–absence data from 179 MPFA events, 
i mmunities using SIMPROF analysis. At each suc- 
c  together. The horizontal axis indicates separation 
a  the level of similarity between events ( figure 2 ). 
C ators, for example, Bryde’s whales, storm petrels 
a portunities, with the MPFAs dominated by scav- 
e regations owing to the cumulative contribution of 
p an gannets and fluttering shearwaters. The atten- 
d ementary material, figures S1 and S2 respectively. 
O r 66% ( n = 118) of the 179 MPFA events. Cluster e 
w r fewer occasions. Similarity pairwise comparison 
( As. 

(
U n ± s.e. association index of 0.17 ± 0.014. Indexes 
r e within MPFAs ( figure 3 ). The number of species 
c ± 1.13 s.e. (supplementary material, table S2). 

le S2) with the highest occurring between Aus- 
t arwaters (index: 0.82) and fluttering shearwaters 
a quent attendance within MPFAs ( figure 3 ). High 
a waters (index: 0.61), flesh-footed shearwaters and 

c x: 0.59). 

(
T is highly variable between both species and clus- 
t  5% MPFA events) species, we found that cluster 
i aters, black-backed gulls and Buller’s shearwaters 
s ers and the proportion of time spent in each be- 
h ts. Other species varied by behaviour and cluster 
(

ariable was investigated using a chi-squared ANOVA and pairwise comparis
udget GLMMs were carried out with the inclusion of all species. Only species o
hereafter, ‘frequently occurring species’). 
GLMM’s testing the significance of the following variables: species, diversi

ata filtered by cluster and species to allow for investigation of within-cluster a

. Results 
uring the two study years, we collected data on 179 MPFA events from 45 tr
0 trips on the university vessel and 24 trips on the whale-watch vessel, with 
espectively, and a cumulative total of 55.4 hours of behavioural observations. 

a) Attendance 
e recorded a cumulative total of 33 843 individuals belonging to 22 categori

hree groupings of unidentified species (i.e. terns, petrels/shearwaters and sto
nly had seabirds and 67% ( n = 120) involved both seabirds and cetaceans. MP
f 3.7 ± 0.1 s.e. species and 158.6 ± 17.8 s.e. individuals attending, although MP
range: 2–1936 individuals and 2–8 species, respectively). The most frequently
 Morus serrator , n = 120), common dolphin ( Delphinus delphis , n = 98) and flutte
Group size varied by species, cluster, season, Shannon diversity and Marga

roup size (estimate ± s.e.) decreased with diversity ( − 1.69 ± 0.21) and increas
omparison revealed that group sizes were smaller in autumn than winter (estim
inter (estimate ± s.e.; − 0.7 ± 0.18; p = 0.01). 

b) Cluster analysis 
ierarchical clustering analysis (Bray–Curtis similarity index) was performed 

dentifying eight unique clusters with significantly ( p = 0.05) distinct MPFA co
essive step of clustering, the two clusters with the greatest similarity are linked
nd dissimilarity between MPFA composition and the vertical axis, indicating
lusters a, c, f and g represent aggregations dominated by planktivorous pred
nd fluttering shearwaters. The occurrence of cluster b reflects scavenging op
nging seabirds (e.g. gulls). Clusters d, e and h are indicative of polytrophic agg
iscivorous and planktivorous species including common dolphins, Australasi
ance of individual species to each cluster and their behaviours are in the suppl
f these eight clusters ( table 2 ), cluster h was the most frequent, accounting fo
as observed on 15% ( n = 27) of the events, and all others were observed on 10 o

SIMPER; table 2 ) identified 10 species accounting for differences between MPF

c) Social association index 
sing social association indexes, 131 pairs of species were identified with a mea
anged from 0.03 to 0.9, with those closest to 1 indicating frequent co-occurrenc
o-occurring during MPFA events ranges from three to 19 with a mean of 11.9◦

Association indexes varied between species (supplementary material, tab
ralasian gannets and common dolphins (index: 0.9), gannets and fluttering she
nd common dolphins (index: 0.7). These high association rates reflect their fre
ssociation indexes were also observed between Buller’s and flesh-footed shear
ommon dolphins (index: 0.59) and flesh-footed shearwaters and gannets (inde

d) Behavioural states 
he proportion of time each species spends in the different behavioural states 
ers (supplementary material, figure S2). For each of the frequently attending ( >
nfluenced (GLMM, ANOVA; p < 0.05) the proportion of time fluttering shearw
pent engaging in all three behavioural states. No relationships between clust
avioural state (GLMM, ANOVA; p > 0.05) were found for Australasian ganne
supplementary material, figure S2). 
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Table 1. Species names, encounters and group sizes during MPFA events ( n = 179). 

species name common name 
number of encounters 
in MPFAs/% 

mean/median 
group size 

group size 
range 

Ardenna bulleri Buller’s shearwater 43/24% 37/10 1–500 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ardenna carneipes flesh-footed shearwater 71/40% 18/10 1–130 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ardenna grisea sooty shearwater 7/4% 4/3 2–10 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Balaenoptera edeni brydei Bryde’s whale 43/24% 1/1 1–6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Chroicocephalus novaehollandiae 
scopulinus 

red-billed gull 14/8% 4/2 1–20 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Delphinus delphis common dolphin 98/55% 70/37.5 4–500 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Eudyptula minor little penguin 7/4% 2/2 1–3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Larus dominicanus black-backed gull 31/17% 3/1 1–15 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Macronectes halli giant petrel 4/2% 2/1.5 1–5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Morus serrator Australasian gannet 120/67% 77/50 1–600 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Pachyptila turtur fairy prion 2/1% 25/25 10–40 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Pelecanoides urinatrix diving petrel 11/6% 6/3 1–20 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Phalacrocorax varius pied shag 7/4% 4/1 1–20 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Procellaria parkinsoni black petrel 4/2% 43/35 3–100 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Pterodroma cookii Cook’s petrel 7/4% 6/5 1–20 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Pterodroma gouldi grey-faced petrel 6/3% 16/7.5 1–50 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Puffinus gavia fluttering shearwater 111/62% 97/32.5 1–2000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Sterna striata white-fronted tern 44/25% 63/30 1–600 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tursiops truncatus bottlenose dolphin 2/1% 8/8 6–10 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- storm petrels 25/14% 14/5 1–100 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- unid. shearwater/petrel 1/1% 5/5 5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

- unid. tern 8/5% 9/2.5 1–30 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4
H  Zealand. The wide range of seabird and cetacean 
s ied. As found in other ocean ecosystems, MPFAs 
v nts, with the presence or absence of species affect- 
i ers of individuals shifting between patches within 
a bvious environmental changes, such as currents, 
u rive productivity in the Gulf [30 ,31 ]. Our demo- 
g  events revealing a range of different community 
t g ecology. We use our behavioural observations 
a nged with community composition and richness. 
S enger and disruptor/terminator. 
. Discussion 

ere, we reveal the complex dynamics within MPFAs in the Hauraki Gulf, New
pecies that aggregate around ephemeral prey patches were dynamic and var
ary in time and space. We found that association patterns changed during eve
ng community dynamics. Some MPFA events were extensive, with large numb
 feeding event. The size and dynamics of these events reflect less direct and o
pwellings and nutrient inputs, which were not included in this analysis but d
raphic analysis focused on the presence and absence of species within MPFA
ypes and association patterns forming based on functional niches and foragin
nd associations to interpret the species roles within MPFAs and how these cha
uch roles vary; here, we simplify these to initiator/facilitator, maintainer, scav
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Figure 2. Hierarchical clustering dendrogram of the Bray–Curtis similarity of 179 presence–absence transformed MPFAs showing the eight clusters (a–h) accompanied 
by the predator composition descriptor (cluster type). 

(
W ic state, our research describes MPFAs in detail 
a cale attendance patterns and species-level seabird 

i tions meant seabird species were often aggregated 

b rs) from three to eight, reflecting key associations. 
U r insight into the variety present, as when species 
a

orous, scavengers or polytrophic using species- 
s d, e and h) were the most frequently encountered 

c cilitating foraging for various seabirds, including 
p rs, as shown in other studies [4 ,32 ,33 ]. Foraging 
n existence enabled through differences in foraging 
b in polytrophic MPFAs facilitates coexistence and 

m  ]. Seabirds and dolphins typically associate with 
a) Identifying communities in the Gulf 
hile it is challenging collecting accurate data on multiple species in a dynam
llowing consideration of species’ roles and attendance. By incorporating fine-s
dentification, we expanded on previous broader findings [18 ] where data limita
y functional groups. We detected an increased number of communities (cluste
sing species-level identification when auditing communities allows for greate
re grouped by functionality, communities may be missed. 
The eight communities (clusters) we identified were classified as planktiv

pecific foraging ecologies and prey preferences. Polytrophic MPFAs (clusters 
ommunity type in the Gulf, with common dolphins and gannets probably fa
iscivores and planktivores via acoustic, visual and/or prey-herding behaviou
iche partitioning allows similar species to forage within MPFAs, with their co
ehaviours and preferred prey [15 ,34 ]. Foraging at different trophic levels with
inimizes competition between predators with similar foraging ecology [2 ,35
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Table 2. Summary of the eight clusters with a similarity pairwise comparison analysis of the % contribution of each species to the similarity between MPFA events (‘ n 
and %’) calculated from the Bray–Curtis similarity index (‘similarity’). 

cluster number of events/% predator composition similarity main species % contribution 

a 10/5.6% planktivorous 44.26 
Bryde’s whale 63.7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

storm petrel 16.6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

b 7/4% scavengers 35.1 
black-backed gull 62.4 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

red-billed gull 75.9 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

c 2/1% planktivorous 66.67 
Buller’s shearwater 50 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

fairy prion 50 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

d 9/5% polytrophic 75.81 

Australasian gannet 30.3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

fluttering shearwater 30.3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

white-fronted tern 30.3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

e 27/15% polytrophic 84.67 
fluttering shearwater 49.5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

white-fronted tern 49.5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

f 4/2% planktivorous 50 fluttering shearwater 100 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

g 2/1% planktivorous 58.33 fluttering shearwater 85.7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

h 118/66% polytrophic 55.44 

Australasian gannet 38.9 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

common dolphin 28.9 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

fluttering shearwater 13.7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

s ing in the wake of or around schools, or travelling 
i  school [36 ]. We commonly observed these poly- 
t ering shearwaters, with shoaling fishes passively 
p waters [36 ]. 

e of MPFAs in the Gulf (R. Constantine 2026, per- 
s ng. For example, the Bryde’s whale shift in prey 
p pact on the community structure in the Gulf [18 ]. 
M  of what MPFAs would have been before exten- 
s d runoff caused substantial ecosystem disruption 
[ A communities to change with further ecosystem 

d

(
U s a holistic overview of the communities, enabling 
u d-species groupings [29 ,40 ]. Species with similar 
f with stronger social affinity indexes. 

y reflecting foraging benefits for seabirds through 
p s were between gannets, common dolphins and 

fl annets or other seabirds is well documented both 
w haviours of common dolphins counteracted the 
v  school with their diving behaviours. By contrast, 
t ey aggregated and easily accessible [36 ]. Common 
d  probably reducing the energetic costs of foraging 
pecific fishes, with feeding events in the Gulf involving many individuals forag
n a leap-frog formation, moving dynamically in response to changes to the fish
rophic associations that predominantly included white-fronted terns and flutt
roviding foraging cues for the terns and the terns providing cues for the shear
Anecdotal evidence suggests a substantial decrease in the frequency and siz

onal observation), with the role of MPFAs in these animals’ lives also changi
reference from primarily forage fish to zooplankton resulted in a substantial im
PFA dynamics reflect current ocean conditions and are a fragmented version

ive anthropogenic pressures from fishing, habitat modification and land-base
37 ,38 ]. While our research reflects the new ‘normal’ Gulf, we expect these MPF
isruption and climate-driven changes to ocean health [18 ,39 ]. 

b) Social associations: the role of species within MPFAs 
sing demographic tools to determine species presence at MPFA events provide
s to visualize and evaluate species’ connectivity and association within mixe
oraging ecologies and dietary niches tend to more frequently forage together, 
Dolphin–seabird associations were the most observed, with patterns probabl

rey herding behaviour of dolphins [1 ,6 ]. We found the strongest association
uttering shearwaters. This was expected as the association of dolphins with g
ithin the Gulf [18 ,41 ] and elsewhere [1 ,3 ]. In the Gulf, the active herding be
ertical scattering effect of aerial predators such as gannets that disturb the fish
he dolphins act as MPFA maintainers, cooperatively working to keep the fish pr
olphins were important facilitators of MPFA events, with shared prey herding
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Figure 3. The social network of species associations within MPFAs ( n = 179). Individual species’ circle (orange node) width includes weighted degrees (number of 
associates), while the grey linewidth is proportional to the association index between two species, with a wider line indicating a stronger association (supplementary 
material, table S2). 

c  MPFAs, with common dolphins, Bryde’s whales 
a etween aerial and subsurface predators. 

yde’s whale-storm petrel associations (cluster a) 
i rey near the surface [42 ], with the whales acting 
a m petrels which are not subsurface foragers [43 ] 
a olytrophic MPFAs (e.g. cluster h; supplementary 
m g into the prey patch [18 ,42 ], halting MPFA activity 
b ifting the whales’ role to disruptors/terminators. 
T , with the scattering or removal of prey reducing 
t

r change prey accessibility. We found associations 
a ite-fronted tern and fluttering shearwater associa- 
t  surface plucking indicated prey availability to the 
s rey once the terns began feeding (R. Constantine 
2  cues for the fluttering shearwaters, which forage 
m  is less energetically expensive than flying to find 

f flying and plunging behaviours attracting nearby 
p

 by other predators. Their attendance is reflected 

i roicocephalus novaehollandiae scopulinus ) gulls. The 
r nstead foraging alongside subsurface predators to 
o  on discards [47 ,48 ]. In some contexts, scavenging 
b s a perceived threat [45 ,49 ]. Northern giant petrels 
ompared to solitary foraging. Subsurface predators play a unique role within
nd predatory fishes acting as facilitators, with distinct relationships forming b
The role of species, however, is context dependent. For example, within Br

n the Gulf, the whales’ chin-slap foraging strategy aggregates zooplankton p
s initiators/facilitators. This facilitation creates a unique opportunity for stor
nd are often foraging away from highly active MPFAs. By contrast, within p
aterial, figure S2), Bryde’s whales were most frequently observed lunge feedin
y scattering and drastically reducing prey availability for other species, thus sh
he appearance of a disruptor or terminator can often bring foraging to an end
he benefits of foraging together [44 ,45 ]. 

These facilitator roles, however, were not just those who directly herd prey o
lso based on information transfer [6 ]. This relationship was highlighted in wh
ions (clusters d and e). Here, the tern’s zig-zag search patterns while flying and
hearwaters which were typically sitting on the sea-surface and moved to the p
019–2025, unpublished drone footage). The tern’s behaviours serve as reliable
ainly during the day by sitting and dipping their head under the water as it

ood [32 ,46 ]. Gannets also act as indicators of prey availability, with their high-
redators, facilitating MPFA development [33 ]. 
Scavengers follow the MPFAs foraging on discards and prey made available

n cluster b, which features black-backed ( Larus dominicanus ) and red-billed ( Ch
ole of these gulls in MPFAs is limited. They are not facilitators or maintainers, i
btain high-quality food through surface plucking on herded prey or scavenging
irds may have a scattering effect if kleptoparasiting on other foragers or acting a
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( ed foraging alongside other scavenging seabirds, 
f  on other scavenging seabirds [50 ,51 ]. 

birds. These fish included trevally ( Pseudocaranx 
d 9 ,36 ]. Prey availability through associating with 
s etween fluttering shearwaters and white-fronted 

t s they were difficult to accurately report from our 
r y. 

(
T ween seabirds and cetaceans in MPFAs, revealing 
e ciations at a species level and the combination of 
d d dynamics, using traditional species-specific ap- 
p ird associations reflect mutualistic and commensal 
r  patches. Our study was limited to air-breathing 
o f their lives below the surface are challenging to 
o cal animal follows and automated machine learn- 
i cy of behavioural analyses [36 ]. In the Gulf, this 
w ys [20 ] that are difficult to see from a boat. In the 
f re of species within MPFAs would help to further 
u  species. 

 arrival. The role of these communities has shifted 

o osystem stressors and ocean health [10 ,41 ]. Varia- 
t ceanic conditions that influence prey movements 
a  in relation to oceanographic and environmental 
c g of species roles and interconnectedness within 
c al similarity in community dynamics in pelagic 
M ects a fragmented version of MPFAs before sub- 
s e stressors in their environment, fine-scale drivers 
o s, and a global meta-analysis would provide valu- 
a  the resilience and dynamics of these important 
c
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 Macronectes halli ) and pied shags ( Phalacrocorax varius ) were occasionally observ
oraging on prey scraps from messy piscivorous foragers, aligning with studies
Larger fish also played a role in facilitating foraging opportunities for sea

entex ) and kahawai ( Arripis trutta ), which drive small prey to the surface [1
hoaling fish was probably a driver behind the strong foraging associations b
erns; however, we were unable to include these fishes in community analysis a
esearch vessel, but drone imagery captured these associations for a future stud

c) Implications and conclusions 
his study provides valuable insights into the fine-scale association patterns bet
ight unique MPFA communities in the Gulf. The identification of seabird asso
ifferent analytical approaches expanded our understanding of MPFA drivers an
roaches applied to entire communities. The seabird–cetacean and seabird–seab
elationships, with feeding associations forming when targeting the same prey
cean predators as predator–prey dynamics between those who spend most o
bserve from boat-based platforms. The use of drones to conduct continuous fo
ng tools can improve the detectability of underwater species and the accura
ould enable the inclusion of other subsurface predators such as sharks and ra

uture, recording the duration of the observation period and the arrival/departu
nderstand the formation of temporary communities and specific roles of each
Species have been associating and foraging within MPFAs long before human

ver time, with foraging dynamics acting as reliable indicators of cumulative ec
ions in clusters and association indices reflect changing prey availability and o
nd predators [17 ,19 ,20 ,52 ]. The study of MPFA dynamics and their changes
onstraints, and anthropogenic stressors can facilitate a greater understandin
ommunities offering a holistic overview of ecosystem health. Given the glob
PFAs [1 ,2 ,21 ,53 ], our study has broader relevance beyond the Gulf which refl

tantial pressure from human activities [37 ,38 ]. As megafauna reflect cumulativ
f MPFAs warrant further research. We suggest long-term monitoring of MPFA
ble insight into the effects of future climate and human-mediated changes on
ommunities. 
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See http://w w w.haurakigulffor um.org.nz . 
0. Farine DR, Garroway CJ, Sheldon BC. 2012 Social network analysis of mixed-species flocks: exploring the str

1271–1277. ( doi:10.1016/j.anbehav.2012.08.008 ) 
1. Stockin KA, Amiot C, Meynier L, Purvin C, Machovsky-Capuska GE. 2022 Understanding common dolphin and A

perspectives. ICES J. Mar. Sci. 79 , 2032–2042. ( doi:10.1093/icesjms/fsac133 ) 
2. Izadi S, Aguilar de Soto N, Constantine R, Johnson M. 2022 Feeding tactics of resident Bryde’s whales in New Z
3. Warham J. 1996 The behaviour, population biology and physiology of the petrels . London, UK: Academic Press. 
4. Hirsch BT. 2007 Costs and benefits of within-group spatial position: a feeding competition model. Q. Rev. Biol.
5. Palmer MS, Gaynor KM, Becker JA, Abraham JO, Mumma MA, Pringle RM. 2022 Dynamic landscapes of fear

( doi:10.1016/j.tree.2022.06.007 ) 
6. Berg M, Linnebjerg JF, Taylor G, Ismar-Rebitz SMH, Bell M, Gaskin CP, Åkesson S, Rayner MJ. 2019 Year-round 

seabird, the fluttering shearwater Puffinus gavia . PLoS ONE 14 , e0219986. ( doi:10.1371/journal.pone.021998
7. García GO, Favero M, Vassallo AI. 2010 Factors affecting kleptoparasitism by gulls in a multi-species seabird co
8. Götmark F, Winkler DW, Andersson M. 1986 Flock-feeding on fish schools increases individual success in gulls

https://doi.org/10.1007/s00227-020-3672-4
https://doi.org/10.1002/fee.2125
https://doi.org/10.1038/s41586-020-2126-y
https://doi.org/10.1098/rsbl.2012.0232
https://doi.org/10.1016/S0169-5347(02)00045-9
https://doi.org/10.3354/meps13463
https://doi.org/10.1016/j.tree.2025.02.010
https://doi.org/10.1038/s41598-018-36478-x
https://doi.org/10.3389/fmars.2021.739894
https://doi.org/10.1111/ddi.13705
https://doi.org/10.32614/CRAN.package.tidyr
https://doi.org/10.1007/978-3-319-24277-4_9
https://doi.org/10.3354/meps092205
https://doi.org/10.1007/s00265-008-0697-y
https://doi.org/10.3389/fmars.2023.1250322
https://doi.org/10.1029/2023JC020391
https://doi.org/10.1093/beheco/arw039
https://doi.org/10.1007/s10071-013-0716-x
https://doi.org/10.1046/j.1461-0248.2003.00551.x
https://doi.org/10.1890/0012-9658(2006)87[1399:COTNAN]2.0.CO;2
http://www.haurakigulfforum.org.nz
https://doi.org/10.1016/j.anbehav.2012.08.008
https://doi.org/10.1093/icesjms/fsac133
https://doi.org/10.1111/mms.12918
https://doi.org/10.1086/511657
https://doi.org/10.1016/j.tree.2022.06.007
https://doi.org/10.1371/journal.pone.0219986
https://doi.org/10.1525/cond.2010.090117
https://doi.org/10.1038/319589a0


11
royalsocietypublishing.org/rst
.....................................

4 cies seabird breeding colonies. Behav. Ecol. 29 , 939–947. ( doi:10.1093/ 

5 atural prey. Endang. Species Res. 6 , 15–23. ( doi:10.3354/esr00118 ) 
5 ging strategies. Mar. Biol. 140 , 197–204. ( doi:10.1007/s002270100684 ) 
5 ges of monitoring endangered Bryde’s whales during a period of rapid 

5  fine-scale spatio-temporal predator–prey patterns in dynamic marine 
2114.x ) 

5 ns: understanding dynamic communities through functional niches and 
9. Gaglio D, Sherley RB, Cook TR, Ryan PG, Flower T. 2018 The costs of kleptoparasitism: a study of mixed-spe
beheco/ary050 ) 

0. Copello S, Quintana F, Pérez F. 2008 Diet of the southern giant petrel in Patagonia: fishery-related items and n
1. González-Solís J, Croxall J, Briggs D. 2002 Activity patterns of giant petrels, Macronectes spp., using different f ora
2. Cranswick AS, Fewster RM, Brough T, Dwyer SL, Lea C, Tranmer S, Zaeschmar JR, Constantine R. 2025 Challen

environmental change. An. Cons. 29 , 183–193. ( doi:10.1111/acv.70032 ) 
3. Embling CB, Illian J, Armstrong E, van der Kooij J, Sharples J, Camphuysen KCJ, Scott BE. 2012 Investigating

ecosystems: a functional data analysis approach. J. Appl. Ecol. 49 , 481–492. ( doi:10.1111/j.1365-2664.2012.0
4. Davis W, Constantine R, Dell’Ariccia G. 2026 Supplementary material from: Multi-predator feeding aggregatio

demographic analysis tools. Figshare. ( doi:10.6084/m9.figshare.c.8680217 ) 
b
Phil.Trans.R.Soc.B

381:
20250198

..................................................

https://doi.org/10.1093/beheco/ary050
https://doi.org/10.3354/esr00118
https://doi.org/10.1007/s002270100684
https://doi.org/10.1111/acv.70032
https://doi.org/10.1111/j.1365-2664.2012.02114.x
https://doi.org/10.6084/m9.figshare.c.8680217

	1 Introduction
	2 Material and methods
	2.1 Attendance
	2.2 Cluster analysis
	2.3 Social association index
	2.4 Behavioural states

	3 Results
	3.1 Attendance
	3.2 Cluster analysis
	3.3 Social association index
	3.4 Behavioural states

	4 Discussion
	4.1 Identifying communities in the Gulf
	4.2 Social associations: the role of species within MPFAs
	4.3 Implications and conclusions

	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


