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The potential threat of plastic pollution to seabirds within the Hauraki Gulf was assessed by
determining its abundance and distribution at two different spatial scales and assessing the
community of resident seabirds during July to September 2008. Samples of floating plastics
within the gulf were taken during 66 trawls from the surface of the water in three regions within
the inner gulf and Waitamata harbour. Within each of these regions, samples were taken in and
outside of visually identified natural slick lines that are surface manifestations of small-scale
convergence zones. During each trawl, the identity and abundance of seabirds were assessed.
Plastic debris was recorded in all three regions sampled with the greatest abundance being
recorded in the harbour. Plastics and debris were also significantly more concentrated within
natural slick lines. Both user and industrial plastics were identified and consisted of colours and
lengths likely to be mistaken as food items for small to medium seabirds. Surface or near-surface
feeding seabirds in the gulf most likely mistakenly to consume plastics were fluttering
shearwaters, Cape pigeons and Buller’s shearwaters. However, these birds were most abundant
in the area of the gulf where abundance of plastic pollution was lowest. The Hauraki Gulf is
considered significantly less polluted by plastic debris than other severely polluted areas cited in

literature.
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Introduction

The ubiquitous use of plastic items is associated
with the generation of pollution, substantial
amounts of which find their way into the
marine environment (Pruter 1987). Such pollu-
tion consists of manufactured items that com-
monly break down in smaller fragments (user
plastics) and small, industrial plastic particles
from which user plastics are manufactured
(Azzarello & Van Vleet 1987). New Zealand is
not exempt from such pollution and substantial
quantities of stranded plastic pellets have been
detected on New Zealand beaches (Gregory
1978), particularly around Auckland.

The distribution of such contamination is
affected by surface currents, wind patterns as
well as the location of geographic inputs

(Azzarello & Van Vleet 1987; Pruter 1987,
Ryan 1988). Debris is most likely to accumulate
in oceanographic eddies and convergences
(Moore et al. 2001). Such oceanographic fea-
tures occur at different spatial scales. Very large
accumulations of plastic pollution may occur
associated with particular oceanographic fea-
tures, for example the North (Day et al. 1989)
and South Pacific subtropical gyres (Martinez
et al. 2009). At much smaller scales, localised
convergence zones visually manifested on the
surface

as areas of smooth water may accumulate
marine organisms and debris and are known
as slicks (Kingsford & Choat 1986). These
features are confined largely to near-shore
areas where biological production is high.
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They are associated with surface accumulations
of naturally derived lipids or phenolic materials
(Ewing 1950; Carlson 1982) and are discernible
because of their damping effect on small
wavelets. We suggest that these small-scale
convergences may also accumulate plastic pol-
lution.

Plastic pollution poses a threat to marine
biota (Derraik 2002), particularly seabirds, as
they are thought to ingest plastic mistakenly as
food (Azzarello & Van Vleet 1987; Harper &
Fowler 1987; Ryan 1987a; Copello & Quintana
2003). Although a range of field studies on
Procellariiformes (albatrosses and petrels) are
equivocal as to whether ingestion of small
plastic items substantially compromise seabird
health (Ryan 1987b; Vlietstra et al. 2002;
Colabuono et al. 2009), ingested plastics pro-
vide a route by which toxic polychlorinated
biphenyls are ingested (Ryan et al. 1988§;
Derraik 2002). Additional detrimental effects
of plastic ingestion on seabirds potentially
include blockages of enzyme secretion, lowered
feeding stimulus, reduced hormone levels of
steroids as well as delayed ovulation and
reproductive failure (Azzarello & Van Vleet
1987). Mechanical threats include entanglement
(Derraik 2002), punctures, ulcerations and
physical blockages (Auman et al. 1997).

Plastic debris concentrates in surface waters
and the likelihood of ingestion is correlated
with the feeding methods of seabirds (Azzarello
& Van Vleet 1987; Ryan 1987a; Auman et al.
1997; Blight & Burger 1997). Surface and
shallow-diving seabirds appear particularly
prone to ingesting plastic debris with petrels
(Procellariiidae) and storm petrels (Oceaniti-
dae) showing a tendency to accumulate larger
loads because of the inability of the birds to
pass them down the intestine through the
pyloric sphincter (Furness 1985). Plastic debris
does not appear to occur in plunging or
kleptoparasitic feeding seabirds (Azzarello &
Van Vleet 1987).

The Hauraki Gulf is a semi-enclosed coastal
sea with the inner gulf exchanging water with
the more open shelf regions with an approx-

imate 60-80-day turnover period (Hauraki
Gulf Forum 2004) and adjacent to some of
New Zealand’s most intensively developed
areas. The Gulf also supports substantial
populations of seabirds, including breeding
colonies (Arnold 2003) and consequently the
likelihood of resident and migratory seabirds
encountering plastic pollution maybe high,
particularly if seabirds associate with these
small-scale convergence zones.

We describe here the nature and relative
abundance of surface plastic debris across the
inner Hauraki Gulf comparing particularly
the characteristics and relative abundance of
plastic debris collected from within and outside
visually identified natural slicks. The abun-
dance of plastic debris is examined in relation
to the distribution and structure of the seabird
community across this inner Gulf area.

Materials and methods

Data was collected during the austral winter
and early spring, from 1 July to 19 September
2008. Sampling was restricted to days with wind
speeds less than 25 knots and directed towards
three areas of the inner Gulf. These were the
Waitemata Harbour (Region 1), the area be-
tween the outer limit Waitemata Harbour and
the 30-m depth contour (Region 2) and the area
between the 30-m depth contour extending just
northeast of a line from Tiritiri Matangi Island
to the north tip of Waiheke Island (Region 3)
(Fig. 1). At smaller spatial scales within these
regions, we focused sampling in and outside
natural slick lines visually identified from
the research vessel.

A total of 66 trawls was conducted (Fig. 1).
All transects lasted for 8 min; however, the
absolute length varied depending on tidal
flow rate and direction. We assumed that the
volume of water sampled during each trawl
was approximately equal. A total of 32 trawls
were collected from within the harbour (Region
1), of which 15 were conducted within and
17 outside of these natural slick lines. A total
of 17 trawls each were conducted in both
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Fig. 1 Map showing the location of trawls conducted within the inner Hauraki Gulf.

Regions 2 and 3 (eight within and nine outside
natural slicks).

We sampled for plastic debris by deploying
a plankton net (400-mm diameter, 250 um) in
the surface waters along the track of a visually
identified natural slick for 8 min at a speed of
5 knots. Samples were also taken from transects
at least 25 m outside of convergence zones. This

second sample was similarly collected by trawl-
ing for 8 min at 5 knots. Plastic debris was
extracted from the net contents by discarding
large organic materials (seaweeds), collecting
large plastic fragments and submerging the rest
of the net contents into a water bath. Smaller
plastic particles were removed from the surface
of the water using tweezers. Collected plastic
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debris was classified as user, industrial pellets
or fragments. The colour and the maximum
length were also recorded. User plastics were
items recognisable as products or remains of
products directly used by humans, such as
plastic bags, cups, packaging, rope or nets.
Industrial pellets were generally in the form of
cylindrical discs, spheres or rectangles with a
diameter of less than 4 mm (Azzarello & Van
Vleet 1987). Plastic debris classified as frag-
ments were small items undistinguishable as
particular user items. The classification of
plastic debris into industrial or virgin pellets
and user items or fragments is used widely in
the literature (Ryan 1988; Vlietstra & Parga
2002; Mallory 2008).

Whilst conducting standardised trawls of
8 min, the number and identity of seabirds were
recorded by a single observer situated at the
bow of the boat. Partly consistent with stan-
dard ship-based survey techniques used in
a range of studies in the north-eastern Atlantic
(e.g. Garthe et al. 2007, 2009), observations
were made by making continuous 180° forward
scans. However, in contrast to the 300-m
transect width used in such studies, we
restricted observations to a narrow 20-m band
on either side of the boat consistent with the
width of many natural slicks. Although we did
not incorporate techniques to avoid overesti-
mation of the abundance of flying birds, the
narrow transect width reduced biases asso-
ciated with limited detectability of swimming
or resting seabirds at increasing distances from
the observer platform (Garthe et al. 2007,
2009). In addition to these observations, species
attending feeding aggregations were recorded in
Regions 2 and 3.

Trawling within the harbour was conducted
from a 6-m, single hulled boat. Other samples
were collected from a 20-m catamaran. Addi-
tional data collected included time of sampling,
GPS location at the start and end of the trawl,
Beaufort scale of water conditions and tidal
status.

We tested for differences in the relative
abundance of all types of plastic debris across

the study area, and for differences in the
relative of abundance of different types of
plastic debris within the three sampling areas,
and within and outside of natural slicks lines
using the non-parametric Kruskal-Wallis pro-
cedure available in SPSS®. Similarly, we tested
for differences in the number of birds per
trawl among the three sampling areas using
the Kruskal-Wallis procedure. Differences
in the abundance of plastic debris inside and
outside of natural slick lines were tested for
significance using a Mann—Whitney procedure.
We tested for the association between seabirds
categorised by feeding method (Table 1) and
sampling region, and between feeding method
and utilisation of areas inside and outside of
natural slick lines using contingency tables.
There was only one trawl in which we recorded
a species that feed by dipping and this category
was removed from the analysis to avoid bias in
the chi-squared value because of low expected
frequencies (Zar 1984).

Results

Distribution and description of plastic debris

The mean number of plastic items collected per
trawl varied significantly across the sampling
area (Kruskal-Wallis Test, x> =7.851, P =0.02)
(Fig. 2) with numbers declining from Region 1
through Region 3 (Region 1 mean: 8.18 +2.96,
Region 2: 2.33+0.61, Region 3: 1.14+0.31).
The mean number of plastic objects collected
per trawl within natural slicks was significantly
different from those in non-slick areas across all
three regions (Fig. 2, Region 1: U =388,
P= <0.01, Region 2: U=103, P<0.01, Re-
gion 3: U =206, P<0.01). The abundance of
the three different plastic types was different
both within (Kruskal-Wallis Test, x> =9.785,
P =0.008) and outside (Kruskal-Wallis Test,
v>=15.213, P <0.001) of natural slicks lines.
In natural slicks lines, user plastics were
the most prevalent plastic type followed by
industrial pellets and then plastic fragments
(Fig. 3). Outside of natural slick lines, fragments
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Table 1 Mean (+SE) number of seabirds recorded per trawl in three regions of the inner Hauraki Gulf.

Region 1: Region 2: Region 3: Feeding
Species numbers per trawl numbers per trawl numbers per trawl method
Australasian gannet 0.06 +0.06 2.254+0.79 20.12+5.46 Plunge diving
Fluttering shearwater Not recorded 0.32+0.31 10.884+3.51 Pursuit diving
White fronted tern 0.164+0.10 0.134+0.09 0.1240.12 Plunge diving
Caspian tern 0.16+0.16 Not recorded Not recorded
Black backed gull 0.1940.09 0.19+0.10 0.88+0.61 Surface feeding
Red billed gull 0.914+0.27 0.384+0.20 0.1240.12 Surface feeding
Black shag 0.15+0.09 Not recorded Not recorded  Pursuit diving
Pied shag 0.41+0.13 0.06+0.06 Not recorded  Pursuit diving
Buller’s shearwater Not recorded Not recorded 0.764+0.59 Surface feeding
Little blue penguin Not recorded 0.31+0.15 0.18+0.13 Pursuit diving
Cape pigeon Not recorded Not recorded 0.124+0.12 Dipping
Total number of birds recorded 2.0+0.71 3414+1.12 33.247.82

per trawl

A total of 32 trawls were conducted in Region 1, 17 in Region 2 and 17 in Region 3. Individual trawls lasted 8 min.

Dominant feeding method is indicated.

dominated with user and industrial items being
much less common.

The commonest colours of recovered plastic
debris from the Hauraki Gulf were white
opaque, white translucent, blue, green and red
items (Fig. 4). Most plastic items recovered
from trawls measured between 1 and 9.9 mm
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Fig. 2 Count of number of plastic items recovered
during 8-min trawls conduct in and outside natural
slicks within three regions of the inner Hauraki Gulf
(mean + SE).

(mean 2.33+1.2 mm, n =963) and represented
mainly industrial pellets and fragments (Fig. 5).

Seabird observations

There were significant differences in the abun-
dance of seabirds among the three regions of
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Fig. 3 Count of number of plastic items in and
outside natural slicks separated by type of plastic
(mean +SE).
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Fig. 4 Proportion (%) of differently coloured plastic
items recovered from the inner Hauraki Gulf.

the gulf (Kruskal-Wallis Test, y*=34.5,
P <0.001) with high numbers of particularly
Australian gannets (Morus serrator) and flutter-
ing shearwaters (Puffinus gavia) in Region 3
(Table 1). When classified by feeding method,
the community was dominated by pursuit
diving and plunge diving seabirds. There were
no significant differences in the frequency of
occurrence of birds of different feeding methods
within and outside of natural slick lines
(x> =3.075, P =0.545). There was a significant
association between the frequency of birds of a
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Fig. 5 Size frequency distribution of plastic items
recovered from trawls.

particular feeding method and the sampling
region (x> =192.7, df =4, P <0.001). Region
1 was dominated by surface feeding species
namely gulls (Larus spp.). Regions 2 and 3
were characterised by the relatively higher
encounter rates of plunge diving seabirds,
particularly Australian gannets (Morus serrator).
Outside of observations conducted during
trawls, white faced storm petrels (Pelagodroma
marina), and flesh footed shearwaters (Puffinus
carneipes) were also observed. Our study was
conducted before many of the summer breeding
migratory seabirds had returned. Buller’s shear-
waters (Puffinus bulleri), white faced storm
petrels, flesh footed shearwaters were only
recorded during early September at the end of
our study period.

Discussion

Plastic items were recovered in all three sur-
veyed regions within the Hauraki Gulf. The
higher incidence of plastic debris found within
Region 1 probably reflects the close proximity
to the terrestrial sources, and nature of the tidal
movement of water through relatively narrow
entrance, which may reduce water turn over
time within the region allowing debris to
accumulate. The greater number of plastic
items collected within, compared to outside
natural slicks lines, is consistent with the view
that these represent localised areas of conver-
gence and observations which indicate natural
slick lines are also associated with higher
densities of drift algae, larval fish and other
zooplankton (Kingsford & Choat 1986). Ryan
(1988) has similarly noted the distribution of
plastic debris at sea is clustered at small scales
and presumed this concentration was occurring
at convergence zones.

It is difficult to evaluate the severity of
pollution by plastic particles in the Hauraki
Gulf compared with other known polluted
marine systems because methodologies used to
measure the abundance of plastic debris at sea
vary. Gregory et al. (1984) indicated a density
of 18 pellets per km” in waters of the Southern



Ocean to the south of New Zealand. Historical
measurements in the North Atlantic indicate a
density of over 8000 items/km” (Colton et al.
1974), 3640 items/km? in the South Atlantic off
the Western Cape Province, South Africa
(Ryan 1988) and within the North Pacific
Gyre the density of plastic items was 334,271
items/km> (Moore et al. 2001). There is some
evidence that the abundance of particularly
plastic pellets at sea has decreased over the
last two decades (Ryan 2008). Our data sug-
gests an estimated density in the Hauraki Gulf
towards the lower limits of the range identified
here ranging from 16626 items/km” in Region
1 to 4735 items/km? in Region 2 and 2317
items/km? in Region 3.

The plastic items collected in the Hauraki
Gulf were dominated by white or opaque items
of less than 10 mm in length. Day (1980),
Cooper et al. (2004) and Ryan (2008) have
suggested many seabirds show a preference for
ingestion of plastic debris of a particular colour
presumably related to how closely it resembles
their characteristic prey. For example, samples
recovered from short tailed shearwaters
(Puffinus tenuirostris) in the Bering Sea con-
tained mainly white or light-coloured plastic
particles (Vlietstra & Parga 2002) consistent
with the light colour of their euphausiid prey.
Our data indicate not surprisingly the avail-
ability of plastic debris of different colours at
sea varies considerably and assessment of any
particular colour preference by seabirds needs
to consider this (Vlietstra & Parga 2002).

Many seabirds are opportunistic foragers
and will eat a wide range of marine prey of
suitable size. The maximum size of prey taken
by seabirds is likely to be dictated by the size of
the birds. A substantial proportion of plastic
debris collected in the Gulf fell into the size
range 1.9-9 mm. This is a size of prey likely
to be taken by smaller seabirds (Marchant
& Higgins 1990; Colaguono et al. 2009) or
potential prey species of fish that may ingest
plastic debris which is then secondarily ingested
by small or medium size seabirds (Colaguono
et al. 2009).
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Surface or shallow diving seabirds are at
greatest risk of direct ingestion of plastic debris
and in the Hauraki Gulf would include
Cape pigeons (Daption capense), fluttering
shearwaters, Buller’s shearwaters, and white
faced storm petrels (Pelagodroma marina).
While numbers of birds of these species were
low during the winter study period, abundances
would rise markedly for the latter three species
during their summer breeding period. The risk
of ingestion of plastic debris for these birds
would be further increased if feeding were
targeted towards natural slicks where potential
prey may accumulate (Kingsford & Choat
1986). However, these birds were only observed
in Region 3 where the risk of encountering
plastic debris was lowest and we found no
evidence that surface feeding or shallow diving
seabirds concentrated on natural slicks.

A number of studies have shown changes
in the abundance of plastic debris ingested by
seabirds over time (Harper & Fowler 1987,
Moser & Lee 1992; Vlietstra & Parga 2002;
Ryan 2008) that are thought to reflect changes
in the composition of small plastic items
over their oceanic range. These studies suggest
that seabirds maybe used as monitors of broad
scale patterns of plastic distribution and abun-
dance (Ryan 2008; Ryan et al. 2009). Given
these suggestions and the potential impacts of
plastics on seabirds, the combination of the
presence of plastic debris and high densities
of seabirds in the Hauraki Gulf, particularly
during summer, may provide particularly fa-
vourable circumstances for more detailed in-
vestigation into the relationship between
plastic abundance at sea and plastic loads in
seabirds.
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