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7. Executive summary

The overall objective of Project PIL2003/01 was to examine links between the feeding ecology of
New Zealand pilchards (Sardinops sagax) and their productivity. This report addresses the single
specific objective “To determine whether the dominant food items of the New Zealand pilchard are a
useful indicator of the population’s productivity.”

A review of the available world literature on pilchard feeding reveals a variety of results and
interpretations. There is agreement that they are filter-feeders, but in different accounts they are
described as eating mainly phytoplankton, mainly zooplankton, or some proportion of each. Some
studies show pilchard taking zooplankton as juveniles, switching to phytoplankton as adults. It is
generally stated, though seldom proved, that their food closely resembles the surrounding plankton
community. Two different but not incompatible hypotheses have been developed which link feeding
patterns with pilchard “productivity”. (1) By feeding on abundant phytoplankton and micro-
zooplankton, close to the base of the food pyramid, pilchard populations can become very large. A
corollary of this is that larger populations should occur where phytoplankton, rather than zooplankton,
is the dominant food. (2) Pilchards are adaptable feeders, able to actively predate large zooplankton as
well as filter-feed, and this adaptability explains their success.

Stomach contents were obtained from samples of commercially caught Bream Bay pilchards held in
frozen storage, and one sample of freshly-caught fish from the same locality. Only material from the
stomach (not oesophagus, pylorus, or intestine) was extracted.

One gill arch was examined for inter-raker spacing. Inter-raker spacing was narrow at 100—150 pm,
further reduced by lateral denticles. The function of the latter is unknown, but they must allow
retention of very fine food particles.

A high proportion of stomach contents in most fish was initially considered unidentifiable.
Examination of some (additional) freshly preserved stomachs, with information from some early
literature, allowed this material to be attributed to phytoplankton, zooplankton, and a general category
of organic detritus. Of 28 stomachs with more than just a trace of content, 10 contained mainly
phytoplankton, 5 mainly zooplankton, 5 both phytoplankton and zooplankton, and 8 mainly detritus.
The identified items included the dominant phytoplankton genera (diatoms) and zooplankton genera
(mainly copepods) which occur in both inshore and outer shelf waters.

The additional 192 adult fish were collected in the spawning season. Smaller males were ripe, larger
males running ripe and spent; most stomachs were moderately full to full. Females showed a similar
trend in reproductive state with size (smaller fish ripe, larger fish running ripe or spent). Stomach
fullness varied with female reproductive state; decreasing as gonad ripeness increased, then increasing
in spent fish. This has sampling implications: instead of grouping fish, as is often done, they should be
analysed individually.

The southeast-flowing East Auckland Current dominates east Northland oceanography. Under neutral
to El Nifio conditions there is net upwelling favourable to primary productivity, under less frequent La
Nifia conditions there is unfavourable downwelling. There are large seasonal changes in the plankton
community. [t seems probable that there is sufficient food to sustain pilchards in most years. In
particular phytoplankton, but also zooplankton, and the detrital remains and by-products of plankton.

East Northland pilchards inhabit a region of high oceanographic productivity, and fulfil the criteria for
both hypotheses linking feeding with population size. They feed near the base of the food pyramid,
and are adaptable feeders, with prey items ranging from zooplankton to organic detritus.

If harmful algal blooms occur (which is not uncommon in the region) , pilchards may become vectors
and transfer toxins to fish, birds, and mammals. They may also be useful monitors of developing
blooms.



8. Objectives
Overall Objective:

To explore the links between the feeding ecology of New Zealand pilchards (Sardinops sagax) and
their productivity.

Specific Objective:

To determine whether the dominant food items of the New Zealand pilchard are a useful indicator of
the population’s productivity. A component of the work is to be a review of the relevant literature on
pilchard feeding.

9, Introduction

New Zealand’s northern pilchard fishery, extending from east Northland to the Bay of Plenty and
centred in the outer Hauraki Gulf, developed about 1990 (Paul et al. 2001). Small lampara nets were
initially used, but purse seine nets quickly became the main fishing method. Landings rose rapidly to
785 t in fishing year 1998-99, when concern of over-exploiting a stock of unknown size led to catch
limitation. A commercial catch limit (CCL) of 2000 t was introduced in October 2000, with some area
restrictions, and this tonnage became the TACC for PIL 1 in October 2002. Around 2000 there was a
significant turnover (departures, new arrivals) in the small number of fishers participating in the
fishery. The upward trend in landings, which reached 1300 t in 2000-01, ceased, in fact dropping to
600 t in 2001-02 and 800 t in 2002-03. The new participants in the fishery expressed less concern that
the 2000 t limit was too low for efficient operation. However, the size of the exploited pilchard stock,
and the potential for expansion of the fishery, remain unknown. A research project is underway on
pilchard age and growth, with a view to understanding year class variability and hence probable
fluctuations in yield. This separate project on feeding patterns seeks to determine whether the pilchard
taken in the northern commercial fishery are utilising a plentiful and reliable food source, or feeding
on localised coastal plankton, on the premise that this may be a provisional indication of their
productivity. More generally it attempts to clarify their position in the pelagic food web, under the
assumption that pilchard play a key role in transferring nutrients from the plankton to predatory fish,
seabirds, and marine mammals.

In view of the conflicting opinions on pilchard feeding in the literature (see Section 10 and
Appendix 1) this study was exploratory in nature, scoping out the issues that would need to be
addressed in any subsequent full scale study. This study was also required to review the pilchard
feeding literature. The scores of published studies make a full review impractical and of limited value
to this study’s objectives. The approach we took was to review only those topics directly relevant to
the New Zealand pilchard, and we have incorporated this information in this report’s text, together
with our speculations on the relationship between pilchard and oceanography on the northeast coast.

10.  Background

The pilchard (elsewhere often called sardine), Sardinops sagax, is abundant (but undergoes
fluctuations in population size) in the main eastern boundary current systems of the world’s oceans —
the Peru/Humboldt, California, and Benguela — and in the frontal boundaries of the Kuroshio Current
off Japan (Lluch-Belda et al. (1989), Schwartzlose et al. (1999); see also the review by Paul et al.
(2001) for a New Zealand perspective). A relatively large population occurs in the Leeuwin Current of
West Australia. Anchovy, Engraulis spp., are also abundant in these regions and their populations
usually fluctuate out of phase with those of S. sagax. Such changes in ecosystem state are often termed
“regime shifts” (e.g., Chavez et al. 2003), with this term also being used for the underlying physical



variability. Pilchards and anchovies both support significant fisheries, and there has been considerable
research and speculation on the feeding. patterns of pilchard and anchovy, as (1) a probable
determinant of their high abundance, and (2) as a possible cause for the alternating dominance of these
two groups of planktivorous fishes.

For the purposes of this present study it is only necessary to note the main points of this issue.

A range of opinions has been expressed as to whether Sardinops sagax feeds mainly on
phytoplankton, mainly on zooplankton, or (more usually) on some proportion of both groups.
See Appendix 1 for a summary. James (1988) and Konchina (1991), among others, have
pointed out that the apparent contradictions in statements on food item dominance are in part
due to different methodologies in quantifying stomach contents. In some cases re-analyses of
the same data by a later author led to opposite conclusions.

Two modes of feeding are recognised in clupeoid fishes, involving morphology and
behaviour. Filter-feeding requires fine, elongated gill rakers. The mouth is held open, the gill
covers flared, the gill rakers swing across to form a fine-meshed screen within the mouth, and
feeding occurs when the fish swims forward through food particles; the particles are retained
by the rakers and water exits through the gill openings (Durbin 1979). Particulate feeding is
not dependent on gill rakers, which lie flat within the mouth, and the fish select, bite, and
swallow individual prey. These two modes in adult Californian Sardinops feeding on brine
shrimp are well described by Hand & Berner (1959), based on aquarium observations by
Groody (1952), as follows: “The fish fed almost entirely by filtering. They merely oriented
towards a school of brine shrimp, increased their swimming speed and, while the cloud was
dense, did not select but plunged through it with their mouths open, filtering many shrimp
from the water by the action of their gill rakers. Only when the shrimp became extremely
scattered did the sardines [=pilchards] feed on individual shrimp. During this particulate
feeding, no selection of shrimp according to size was observed.”

A hypothesis developed that related the high abundance of clupeoid fishes living in upwelling
areas of the world’s oceans to their direct utilisation of food from the base of the trophic
pyramid, primarily phytoplankton, but also herbivorous micro-zooplankton (Schaefer 1965,
Ryther 1969, Longhurst 1971, Walsh (1975, 1981), Durbin (1979), Blaxter & Hunter 1982).
Their very high biomass of fish was considered to be a consequence of the shortened food
chain (phytoplankton to fish).

More recently, this has been challenged on the grounds that most clupeoids were less
dependent on phytoplankton than earlier studies had actually shown, inappropriate analytical
methods being blamed (James 1988, Konchina 1991). In a review of clupeoid diet studies
James (op. cit.) suggested that it was the flexible and opportunistic feeding behaviour of these
fishes that enabled them to succeed in unstable upwelling regions. Most of the studies he cited
to support this were on anchovy (Engraulis spp.) feeding and were not directly applicable to
Sardinops. Cushing (1978) discussed the latter genus in a critical but inconclusive account of
trophic level feeding, including the issue of food chain shortening. He suggested that the
longer time period of plankton productivity in upwelling regions — compared with the short
spring bloom of higher latitudes — could be partly responsible for the high productivity of
clupeoids often observed.

As noted above, Blaxter & Hunter (1982) suggested that because clupeoid “food is close to the
primary producers [this] is probably largely responsible for the great productivity of these
fisheries.” They also contrasted two feeding patterns for both anchovies and sardines:
“Significant and persistent feeding on phytoplankton occurs where strong upwelling is a
continuing feature ...”, and “zooplankton becomes the dominant food in anchovy and sardine
where upwelling is weaker and less persistent along the southern California coast.” James



(1988) reported this with rather more — and perhaps unintentional — emphasis as
“phytoplankton dominated the diet where upwelling is a persistent oceanographic feature ... ,
whereas zooplankton was more important in more stable, less productive areas ...” but did not
consider the link between phytoplankton and high fish productivity proven.

e There has been some debate over whether the pilchard utilises phytoplankton as a primary
food source or just ingests it accidentally with zooplankton (Lewis 1929, Parr 1930, Brodski
& Jankovskaya 1935, Cushing 1978). Most accounts, however, consider phytoplankton to be a
true prey item. Clupeoids range from predators to filter feeders, resulting from evolutionary
specialisation towards the latter type (Marshall 1965, Durbin 1979, Blaxter & Hunter 1982,
James 1988). Filter feeders have finer gill rakers, a longer alimentary canal, and sucking rather
than grasping jaws. Progression towards filter feeding may also occur during the life of an
individual. Sardinops is an intermediate (mixed) feeder, capable of both filtering and
capturing individual food items, and usually progresses from particulate (zooplankton) feeding
as a juvenile to filter feeding (mainly phytoplankton) as an adult; additional gill rakers form,
retaining a fine inter-raker spacing, and a relatively longer gut develops.

e FEngraulis is also classified as a mixed feeder, and some early studies considered anchovies
(several species) and pilchards to occupy the same or a very similar feeding niche, albeit with
considerable regional variability. More recent studies have shown that where pilchard and
anchovy co-exist, adult pilchard are usually filter-feeders taking phytoplankton and/or micro-
zooplankton, while anchovy are particulate feeders on larger zooplankton. This distinction
within pilchard/anchovy pairs is described for Japan by Li et. al (1992), Peru by Konchina
(1991), and South Africa by Beckley & van der Lingen (1999).

e There can be a considerable quantity of “unidentified material” in Sardinops stomachs, e.g.,
90% reported by Stevens et al. (1984) for southern Australia, and 10-30% by van der Lingen
(2002) for South Africa. The significance of this is not discussed, and it is possible that
unidentified matter may not have been acknowledged in other accounts. van der Lingen
(2002) assumed this material to be “particulate detritus ... retained by the sardine’s gill
rakers.”

In summary, pilchards are reported to feed upon both phytoplankton and zooplankton. Adult fish, with
fully developed and finely-spaced gill rakers, appear to filter feed upon all the available plankton, with
consequent regional variability in the relative proportions of prey items. Most studies conclude that
pilchards feed closer to the base of the trophic pyramid than co-occurring fishes, notably anchovy, but
it is not clear whether their great abundance in upwelling regions depends directly on this, or on their
omnivory — their ability to utilise almost all the food items available to them.

Despite uncertainty in exactly how the linkage between food and productivity operates, there is merit
in determining the trophic status of pilchards in northeast New Zealand. Are they feeding on coastal
plankton, or exploiting the potentially richer ecosystem driven by the intermittent upwelling there?

11. Methods

Fish samples

The main series of samples was taken from fish collected for age determination between September
2002 and September 2003, from in or near Bream Bay, east Northland (Figure 1). These fish were
taken randomly from the commercial purse seine catch at approximately monthly intervals, and are
therefore of moderate to large size. Although some monthly catches have not been sampled, most
remain in frozen storage. The stomachs were removed in September 2004 (after the fish were stored
frozen for 12-24 months) during the same procedure that dissected out the otoliths, and the specimen
data recorded relates to both the otolith and stomach samples (fish length, sex, maturity state, etc.).



An additional freshly-caught sample of fish was obtained in October 2004, again from the purse seine
catch, to compare fresh with frozen material. About 200 fish from a daytime catch, purse-seined from
a visible (i.e., not attracted) school were placed immediately in chilled brine on board the fishing
vessel, offloaded shortly afterwards, and held chilled until a subsample of six fish was selected about
three hours later. (It was not feasible to undertake dissection on board the vessel.) Stomach contents
were removed (as described below) as rapidly as possible, put into 5% formalin, sent overnight to
NIWA Wellington and examined the following day. These stomachs were selected for fullness, to
obtain sufficient contents from comparison. It was observed that male fish were less common in the
sample, were more likely to have full stomachs, and that the reproductive status of both sexes ranged
from ripening to spent. The opportunity to relate “feeding” to “reproduction” was taken, and after
stomach removal from the selected subsample this entire sample was measured, sexed, and gonad
stage and stomach fullness recorded.

Many studies have found or assumed that fish taken from the same school have identical stomach
contents, and these can therefore be pooled. Most monthly samples used in this study did come from
single schools, but in this pilot study each fish was sampled and analysed individually.

It was intended to examine a larger sample of fish stomachs, but this was scaled back in light of the
initial findings that much of the material seemed to be unidentifiable, and that the range and often the
proportions of identifiable material were quite similar within and between monthly samples. Instead of
continuing with stomach analyses likely to duplicate the existing data, time was spent on determining
how best to interpret them.

Stomach sample extraction

Stomach contents were removed from freshly-thawed fish (main sample series), or from fish recently
taken from the catcher vessel’s holding tank of chilled brine (October 2004 sample). For the main
sample series, stomachs were taken randomly, apart from avoiding the smallest fish. For the October
2004 sample, relatively full stomachs were selected, there being no benefit in having empty stomachs
from a random sample. The body cavity was slit by scalpel near the midline, from anus to pectoral
fins, one abdominal wall folded back, and the digestive tract separated from the other abdominal
organs (Figure 2). The stomach was removed by cutting the oesophagus and upper intestine just
behind the stomach. The oesophagus was pinched, and all stomach contents squeezed out into a petri
dish through the rear aperture, taking care not to include any contents of the oesophagus, intestine, or
the hard gizzard attached laterally to the stomach. The contents were transferred to a small vial by
pipette, some 5% formalin added, and shaken gently to break up any food bolus and ensure even
preservation.

Gill arches
From the October 2004 sample, gill arches were extracted from a few adult fish and similarly placed in
dilute formalin in small vials. :

Analysis of stomach samples

Stomachs were allocated a relative fullness value based on the settled contents of each vial, using an
arbitrary scale of 1-10, with 1 being the smallest quantity and representing an almost empty stomach.
The contents were examined under low power magnification (1) to estimate the relative proportions
(by volume) of identifiable and unidentifiable material, and (2) to record the presence of the larger
items recorded in the “identifiable material” category. A subjective note was made of the main colour
of the contents. Then a small aliquot was placed on a microscope slide, a cover-slip added, and it was
examined under high magnification. Additional, identifiable prey items were added to the list of
identifiable material. The proportion of unidentifiable material was recorded as a percentage, and its
likely origin assessed from a combination of colour and general appearance of fragments. This colour
assignation followed Davies (1957) who attributed “green feed” to phytoplankton and “red feed” to
zooplankton, but it is possible that some reddish colour came from the dinoflagellate Noctiluca
scintillans (see Section 13, Identified material). If so, the proportion of zooplankton given in Results



would be lower. Where identifiable items comprised 30% or more of the sample, the dominant group
was recorded as either phytoplankton or zooplankton (mainly crustaceans). Where identifiable items
were a smaller proportion than this, they were simply listed by genus or a more general category.
Phytoplankton genera were identified using Tomas (1996) and zooplankton genera were identified
using Bradford-Grieve (1994, 1999) and the personal experience of Janet Bradford-Grieve.

Gill raker measurements

A gill arch from an adult fish was washed, placed under water in a petri dish, and examined and
photographed under reflected light using an increasing sequence of magnification. A finely scaled
ruler was also photographed in order to determine gill raker spacing.

Oceanography and plankton

Relevant information on the oceanography and plankton of the northeast coast has been summarised
from the literature. General oceanographic accounts include Chiswell 2001; Harris 1985; Laing &
Stanton 1996; Sharples 1997; Sharples & Greig 1998; Sharples et al. 2001; Stanton 2001; Stanton &
Sutton 2003; Stanton et al. 1997; Sutton 2001, 2002; and Zeldis et al. 2004, and integrated studies of
biological oceanography (Chang et al. 2003; Zeldis 2004; Zeldis & Pinkerton 2000; and Zeldis et al.
1998, 2000, 2001).

12. Results
12.1 Gill rakers

The numerous and elongated gill rakers are very closely spaced on the gill arch, the inter-raker spacing
being similar to or less than raker width (Figure 3). Each raker appeared knobbed along its length
(Figure 3, E), because of lateral projections (denticles) which lay close to or overlapped those from
adjacent rakers. Near the raker tip these projections were angled towards the tip (Figure 3, F, G). Each
denticle tip was expanded into a ridged and finely-serrated “scoop” or “gloved-hand” shape (Figure 3,
I, J). Where denticles on adjacent rakers came in contact they might perhaps unite to form a cross-link;
such a pair was observed (Figure 3, K), although it is possible that this was simply fortuitous
placement. A raker count gave 35 in 10 mm (Figure 3, H). If the rakers and inter-raker spaces were
equal in size this would represent spaces of 0.143 mm. The spaces are generally narrower than the
rakers, at least near the raker bases, and are further narrowed by the projecting knobs, with the
denticles on adjacent rakers often overlapping. The effective inter-raker spaces are therefore difficult
to measure, but were estimated to be 0.10-0.15 mm (100-150 pum), probably less. The denticles were
spaced at similar intervals along the rakers, and where adjacent raker denticles overlapped they would,
in theory, form a mesh with sides of about 100 um.

12.2 Stomach fullness

The randomly sampled stomachs collected from September 2002 to September 2003 (below, and
Table 1) varied in mean fullness from 1 (almost empty) to 10 (full). There was little variation within a
month. The samples are too small to draw any real conclusions about a seasonal pattern, but it is noted
that the higher values in September and April may coincide with the spring and autumn plankton
blooms.

Month | Sep| Oct| Nov| Dec| Jan| Feb| Mar| Apr| May | Jun Jul | Aug | Sep

Fullness - 6 2 2 — 3 1 - 10 2 - 3 3 6

The samples taken in October 2004 (Tabl¢ 2) were deliberately collected from well-filled stomachs
and are thus not directly comparable. The larger sample of fish from which they were selected was
random, though, and these fish had stomachs that varied from empty to full. They were caught in




spawning condition, and the relationship between stomach fullness, sex, and reproductive state is
described in Section 12.6.

12.3 Unidentified material
12.3.1 Main 2002-03 series

The majority of material in most stomachs from the main series proved to be unidentifiable debris. A
“best estimate” of its origin could, however, be made on the basis of colour and the dominant
component of the identifiable material in the stomach. Green stomach contents were attributed to
phytoplankton, pink to crustacean zooplankton, and colourless to organic detritus — considered to
comprise cellular fragments of plankton (mainly phytoplankton), faecal pellets of zooplankton
(particularly copepods), and flocculated organic material from a variety of sources, this detritus
alternatively being termed “marine snow.”

Of the 28 fish with a stomach fullness of 2 or higher, unidentified material was attributed to
phytoplankton in 10 fish, zooplankton in 5 fish, a mixture of phytoplankton and zooplankton in 5 fish,
and detritus in 8 fish. The sample was too small to reveal any seasonal pattern. The 5 almost-empty
stomachs contained only small amounts of detritus.

12.3.2  October 2004 sample

In the October 2004 sample (Table 2) the amorphous material, mostly greenish in colour, appeared
more likely to have been derived from phytoplankton. Two stomachs had moderate-sized pieces of
flesh-like material, possibly from a mollusc or fish.

12.4 Identified material
12.4.1 Main 2002-2003 series

The identified contents from each fish in the main series, identified to genus where possible, but to
more general groupings where necessary, are summarised in Table 1.

Phytoplankton The main diatoms were Pseudo-nitzschia spp., Rhizosolenia spp., and centric forms.
Pseudo-nitzschia spp. are characteristic of springtime waters off northeastern New Zealand in both
inshore and offshore waters, and Rhizosolenia spp. and other centric forms are characteristic of inshore
water particularly in early spring (Chang et al. 2003).

Zooplankton Copepods predominated, particularly the calanoid genera Paracalanus, Acartia,
Temora, harpacticoid Euterpina, and poecilostomes Corycaeus, and Oncaea as well as unidentified
copepod nauplii. These genera are either characteristic of continental shelf waters or are found more
plentifully in that environment.

Other crustaceans, usually present as fragments, included barnacle cyprid larvae and decapod larvae.
Other non-food items Occasionally fish scales were present, which, although unidentified are almost

certainly from pilchards and ingested during the school’s capture by the purse seine net. Trematodes
were probably parasitic in the gut.



12.4.2 October 2004 sample

The freshly-preserved stomachs from 6 fish (Table 2) had similar contents, a greater proportion of
which was identifiable. Diatoms dominated, the main genus being Cerataulina, with Guinardia also
present as well as Rhizosolenia. Copepods included Paracalanus, Euterpina, Temora and Oithona.
Other food items included cladocerans, worm-like (polychaete?) fragments, appendicularians, and fish
eggs. Scales and trematodes were again present.

12.5 Seasonality of main food items

The number of stomachs in which one of the three main food categories was assumed to be dominant,
on the basis of colour and predominant identified food items (Section 12.3.1), is listed by month. They
sum to more than the total number of fish because in April and September 2003 it was unclear whether
phytoplankton or zooplankton was dominant (estimated proportions were similar) and both are listed.

Month Sep| Oct| Nov| Dec| Jan| Feb! Mar| Apr | May| Jun Jul [ Aug | Sep
Phytoplankton 3 2 — — 6 1 — 3
Zooplankton - 3 — 2 1 — 1 3
Debris 3 1 - 3 - 1 — 3 2

The numbers are too low to allow more than this brief comment on seasonal feeding, but are not
inconsistent with utilisation of a spring and autumn plankton bloom, with detritus taken at other times.

12.6 Feeding in relation to spawning

The October 2004 sample examined to investigate this issue was dominated by females (sex ratio
1:2.7, n = 192) (Figure 4, top). Females were slightly larger in modal size, and also in mean size (177
cf. 171 mm). Reproductive state varied with fish size, the larger fish being more advanced (Figure 4,
centre). The larger males were running ripe, with many in spent condition. The smaller females were
mainly in ripe condition; with increasing size they progressed to running ripe with some fish spent, .
and the single largest fish was spent. Stomach fullness varied only slightly with reproductive state in
males, without a clear trend (Figure 4, bottom). In females, most ripening fish had moderately full
(25-50%) stomachs, ripe fish mostly had partly empty (< 25% full) stomachs, and running ripe fish
had either partly empty or completely empty stomachs. Spent females, however, had stomachs ranging
from empty to full, with approximately equal numbers in each category.

12.7 Oceanography of northeast New Zealand

The shelf and slope region of east Northland is strongly influenced by oceanic water which has
crossed the Tasman Sea as the Tasman Front and turned at North Cape to form the southeast-flowing
East Auckland Current (EAUC) (Tilburg et al. 2001). The shelf is relatively narrow, and this oceanic
water can — under several scenarios — move inshore to reach the coastline. The outer Hauraki Gulf is
also strongly influenced by the EAUC (see Figure 1).

Three different processes influence the nutrient level, and consequently the productivity, of northeast
shelf water. Current-driven upwelling occurs as the EAUC moves along the coast and trends slightly
offshore, with upwelling bringing water rich in nutrient (mainly nitrate) from the upper slope to the
surface (Sharples 1997). This is relatively weak but consistent upwelling. Wind-driven upwelling is
stronger, but varies with the ENSO cycle (e.g., Sharples & Greig 1998). In El Nifio years
northwesterly winds predominate, which reinforce the EAUC by blowing the surface waters to the
southeast and offshore, with resultant replacement by upwelling of deep nitrate-rich water at the coast.




In La Nifia years the situation reverses; southeasterly winds blow surface waters to the northwest and
inshore, where they downwell, bringing nutrient-poor surface offshore water in over the shelf. This is
characteristic of the third process, oceanic intrusion, when, under a variety of climatic and
oceanographic conditions but usually during summer, surface, blue oceanic water moves in across the
shelf. This water is usually poor in nutrients with a different algal community, but may on occasion
interact with higher nutrient water and produce harmful algal blooms (HABs) (Chang et al. 1995).

The current and winds inevitably act together to create a variety of oceanographic conditions, but in
general there is slight net upwelling, which gives this region a high level of primary production
(Chang et al. 2003). Upwelling predominates from autumn to spring, promoting both the spring and
autumn phytoplankton blooms, while downwelling usually occurs in summer. Nevertheless, upwelling
caused by northwesterly winds under El Nifio conditions can also occur in summer (Chang & Mullan
2003). Relatively more years through the 1990s have experienced the more favourable El Nifio
conditions (Figure 5) and appear to promote major blooms, including HABs. The interaction of these
major events with shorter-term phenomena (such as local wind patterns, rainfall, and moderate storms)
is not known. These effects are most apparent on the east Northland shelf, but also significantly
influence the outer Hauraki Gulf and at times the inner Gulf (Chang et al. 2003). Examples of El Nifio
and La Nifia states are shown in Figure 6.

12.8 Plapkton of northeast New Zealand

Recent studies of the plankton of the northeast coast have demonstrated the complexity of the
communities that develop spatially and seasonally, and which inevitably vary interannually, mainly as
a consequence of the dynamic oceanography (Chang et al. 2003). The spring phytoplankton bloom
tends to comprise mainly diatoms in the well-mixed waters of the northeast shelf, utilising the nitrate
made available through upwelling of deep water over the continental shelf. Phytoplankton populations
of the Hauraki Gulf are dominated by dinoflagellates in the relatively stratified water. The
phytoplankton bloom is followed by an increase in the zooplankton populations. As spring progresses
into summer, nutrients become depleted in surface waters through utilisation by phytoplankton and
because of weakening upwelling and increasing level of stratification. At this time nutrients are
recycled from plankton which dies or is eaten, through microbial processes and metabolic processes of
animals. The diatom community alters, shifting from large-celled to small-celled species that are more
effective at taking up nutrients at low levels, with dinoflagellates — in particular the naked non-
photosynthetic species — becoming relatively more common. The zooplankton community also alters,
declining in biomass as its phytoplankton food source diminishes, and shifts towards smaller species.
Through summer, the interlinked phytoplankton and zooplankton communities persist because they
can rapidly recycle the limited nutrient available. In autumn, new nutrients becomes available as the
water column is de-stratified by cooling assisted by storms and also by renewed upwelling, thus there
is a small autumn phytoplankton bloom.

The region which centres on Bream Bay, where the pilchard fishery operates, is likely to be more
similar to the east Northland shelf than to Hauraki Gulf, and, because of its proximity to the EAUC, to
be influenced by its inshore/offshore movements, and to seasonal and annual variations in upwelling.
The plankton available to pilchards is likely to be highly variable, but moderately abundant, apart from
prolonged periods of La Nifia-related downwelling when nutrient-poor offshore water moves in over
the shelf to form a cap over the more nutrient-rich subsurface waters.
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13. Discussion

Sampling issues

Most of the fish used in this study were taken from the larger sample collected for determination of
age and growth (Manning et al. 2004). They had been placed in chilled brine immediately upon
capture, and subsequently held frozen for up to a year before partial thawing to remove the stomachs.
A later small sample, collected in a similar way but with the stomach contents dissected and preserved
prior to freezing, proved to be more easily identifiable which helped resolve the probable identity of
the material initially listed as “unidentifiable” in other samples. It would be desirable to sample and
preserve stomachs immediately after capture in any future work. However, there is another significant
issue. Although all samples were taken by purse seine, two fishing methods are used by the small
seine vessels in this fishery. First, throughout much of the year when only small schools can be located
by echo sounder or sonar, it is necessary for a vessel to be positioned above a school at night, and
increase the size of the school by using surface or subsurface lights to attract other fish in the vicinity.
Fish thus remain in this artificially lit area for up to several hours before being surrounded by the purse
seine and brailed aboard. It is not known whether they continue feeding in the lit area, or whether the
abundance and species composition of plankton available to them is influenced by the light. It is
therefore not known what feeding period the stomach contents represent, and how much digestion has
occurred since that period. Second, during the spring-summer spawning period, larger schools can be
located during in daylight and purse seined directly. The stomach contents of these fish will represent
their natural feeding activity just prior to capture.

The nature of the capture method and the period of time prior to examination or preservation is not
well addressed by most of the literature on pilchard feeding. In large fisheries, e.g. the South African
fishery, studied by van der Lingen and colleagues, samples are taken from purse seine catches (by
inference, located rather than light-attracted) or from research vessel hauls (purse seine or midwater
trawl). These fish were either immediately blast-frozen, or the stomachs were removed and preserved
soon after capture. However, for many other studies which are based on fish taken in large or small
commercial fisheries, it is not clear how well the fish and/or stomach contents were preserved prior to
examination. The study by Kawasaki & Kumagai (1984) used fish collected from fish markets, and
considerable post-capture digestion is likely to have occurred.

Gill rakers

Gill rakers were found to be finely spaced (at 100—150 pum) in the single example examined during
this study. This is comparable with published measurements if inter-raker gaps, although methodology
differs, and it is not clear how the irregular (denticle-studded) width of rakers has been determined.
King & Macleod (1956) record gaps of about 200 um at 8 cm length, about 300 um at 20 cm. Molina
& Manrique (1997) record a mean gap of 93 um in adult fish, with “marginal denticles [...] which
reduce the gill raker gaps considerably.”

In pilchards found elsewhere, gill rakers continue to increase in number with increasing fish size (e.g.,
King & Macleod 1956, Villalobos & Rodriguez-Sanchez 2002) and there is no reason to believe that
the pilchards in New Zealand are different. However, there are apparent contradictions in comments
on the more important issue of inter-raker spacing. King & Macleod (1956) present data showing an
increase, Lopez-Martinez (1991) and Molina-Ocampo (1993) (as reported in Molina & Manrique
1997) state that inter-raker gaps are smaller in adults than juveniles and sub-adults, while Villalobos &
Rodriguez-Sanchez (2002) refer only to numbers of rakers but conclude that “the implications of gill
raker number development must be based on detailed measurements of the interraker gaps through the
life-history of the fish.” The implications of changes in gill-raker spacing for feeding are unclear. The
long rakers interlock in some way to — perhaps utilising the serrated nodules on the end of each
denticle — to link not only adjacent rakers but adjacent gill arches to form a fine-mesh screen, or
“branchial basket”, but whether this diminishes the effective size of the inter-raker spacing was not
examined in this study, and is not mentioned in the literature seen. The construction of the screen is
also not clearly described in the literature, despite its presumed relevance to the frequently-reported
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transition from larger (mainly zooplankton) to smaller (mainly phytoplankton) items in the diet of
pilchards as they increase in size. The move to microphagy (feeding on the smallest food particles)
during the fish’s life history possibly reflects an evolutionary shift in clupeoids towards this highly
specialised mode of feeding (Durbin 1979).

Gill raker spacing and the structure of the branchial basket lay outside the scope of this study. It is a
complex topic not well covered in the literature, but it is highly relevant to pilchard feeding patterns.
We suggest that these structures be more carefully examined and measured in any future study.

It is not known how gill raker filtration works in Sardinops. Standard, or dead-end filtration, with food
particles being physically retained by the gill rakers while the water passes through, raises the issue of
how the particles are prevented from clogging the denticle-studded rakers, and are moved into the
oesophagus. Two alternatives proposed for other filter-feeding fishes, crossflow filtration, and mucous
transport, are described briefly below. They have implications for this feeding study in that they may
explain the presence in stomach contents of very small food particles.

Crossflow filtration: A recently defined method of filter feeding, which differs from normal filtration
in that particle-laden water moves across as well as through the filter’s surface. The particles are not
directly held by the gill rakers as the water passes through, but remain in suspension within the mouth
until a concentrated bolus of food is formed which can then be swallowed. Crossflow filtration has
been described for the microphagous clupeid Dorosoma cepedianum (gizzard shad) and some other
filter-feeding fishes (Sanderson et al. 2001, Callan & Sanderson 2003). Although it is not known
whether crossflow filtration occurs in pilchards, it would explain how extremely fine food particles are
retained but do not clog the branchial basket, before moving into the oesophagus.

Mucous transport: An alternative explanation for fine particle retention involves secretion of mucous
on the gill rakers which can trap and accumulate small particles (e.g., White & Bruton 1983,
Sanderson & Wassersug 1990, but hypothesised in general terms in some other accounts). Regardless
of the mechanism, the general conclusion is that filter-feeding fishes can retain food particles smaller
than the measured gill raker spacing.

Stomach fullness

Stomach fullness varied considerably in the samples examined, but no inferences can be drawn from
this because of the different delay times between “capture” and extraction of the stomach resulting
from different fishing procedures. Fish samples must be obtained in exactly the same way throughout
the sampling period in order to determine any differences due to season or time of day. In addition,
mean values, e.g., by landing, or by month, could be misleading because of differences by sex and
reproductive state (see below).

Sample grouping

Many studies group the stomach contents of several fish (often five or ten), on the basis that fish
within a school, from observation, feed on the same prey items. In this study stomachs were examined
singly, and although there was generally good agreement between fish sampled in the same month,
there were a few differences. If there was some patchiness in plankton distribution, these differences
may have resulted from some fish in the samples having fed on different prey away from the main
school before being attracted to it by light (see above). This would be an unfortunate consequence of
sampling by this fishing method, and demonstrates the need for caution before adopting sampling
procedures used elsewhere.

Feeding during the spawning season

The single sample taken in October 2004 demonstrated some relationship between feeding and
reproductive condition during the spawning season. Stomach fullness data suggested a decrease in
feeding activity, particularly by females, as they approached the running ripe stage. There is minimal
information on this point in the literature. Few feeding studies extend over a full year, feeding and
reproductive studies tend to be carried out independently, and there is usually greater interest in the
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relationship between the feeding of pilchard, anchovy, and other small pelagic species than in the
integrated biology of each species. However, Hand & Berner (1959) make the following relevant
observations on the Californian sardine Sardinops caerulea (= S. sagax), “... 54 sardines in spawning
condition were collected from waters that contained sardine eggs. These fish had empty or nearly
empty stomachs. In other instances where samples contained fish that were ready, or nearly ready, to
spawn, but where spawning had not yet occurred, nearly normal amounts of food were found in the
stomachs.” They suggested that “... sardines in the act of spawning or in the presence of spawning fish
stop feeding.”

Our results might also represent an innate response to the presence of pilchard eggs in the water in
order to limit cannibalistic feeding. Alternatively, differences in stomach fullness may simply be a
response to the body cavity becoming filled with gonad and restricting the stomach’s expansion;
females are most affected because their roe occupies a relatively larger space than the male testes.
Also, our finding that spent females had resumed feeding suggests a physiological rather than
behavioural response. These observations have more than academic value, and are relevant to
sampling procedures. We suggest that it is necessary to record feeding data for each fish separately,
together with reproductive state. Although it may then be appropriate to combine data from fish taken
from the same school to obtain an averaged record of prey items, data on stomach fullness — as a
measure of feeding activity and food availability — should be analysed on a finer scale.

Unidentified material

We are reasonably confident that our allocation of the “unidentified” material in stomachs, which
often comprised a major part of the contents, to the three categories: phytoplankton, zooplankton, and
organic detritus, is appropriate. This material would be more easily identified in fish caught from
targeted schools and quickly preserved, as recommended by Davies (1957), but the practicality of
collecting in this way from the New Zealand commercial fishery needs investigation. It might be
possible to use carbon and nitrogen stable isotope analyses to distinguish and categorise unidentified
material as predominantly phytoplankton or predominantly zooplankton, but identifying the origin of
the organic detritus is problematic as it may have several sources. The high proportion of unidentified
material we found is not dissimilar to the 90% reported by Stevens et al. (1984) in pilchards from
coastal waters, less than 100 m deep, of the Great Australian Bight, and may be more characteristic of
shallow water stocks than published feeding studies of Sardinops in more open waters suggest.

Identified material

Identified items included diatoms, copepods, other crustaceans, and other planktonic invertebrates.
Although diatoms are the only phytoplankton group recorded in the stomach contents, we do not,
however, rule out other groups, in particular the large, non-photosynthetic dinoflagellates such as
Noctiluca scintillans (500-800 pum), Gyrodinium spirale (50-90 nm) being consumed by filter-feeding
pilchards. These naked dinoflagellates are common in the region (Chang et al. 2003), and one of the
species (N. scintillans) is frequently reported to form massive blooms there in spring (Chang et al.
2003). Other identified items included fragments of what may have been fish flesh . Collectively these
identified items represented the plankton community of the region, but because of the known
variability in this community we can not be certain that food was not being selected. It would be
necessary to compare stomach contents with plankton hauls made at the same locality at the time of
the fish catch to determine whether the pilchards were selectively feeding, but we suspect, on the basis
of studies made elsewhere, that they were feeding on whatever was locally available. All forms were
generally taxa that would be expected to occur in coastal waters.

Oceanography and plankton

Although upwelling along New Zealand’s northeast coast is seasonal, this is not unusual for such
regions; the large upwelling systems (northwest and southwest Africa, Peru, Chile, and California)
where clupeoid stocks are abundant are also variable, although their upwelling pulses may be stronger.
The plankton community off eastern Northland varies seasonally and geographically. It is also likely
that ENSO plays an important role in determining the size and nature of the plankton community.
Prolonged El Nifio events strengthen upwelling and may increase the supply of plankton. Prolonged
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La Nifia events, with incursions of oceanic water capping more nutrient-rich subsurface waters water,
may diminish the supply of plankton over the shelf. Additionally, it appears that pilchards can feed on
the debris of decaying blooms, and probably on particulate organic matter from a variety of sources. A
more detailed study, however, is required to properly determine the position of pilchards in the pelagic
food web in shelf waters of northeast New Zealand. It is highly desirable that small pelagic fishes be
incorporated in future studies of this ecosystem.

The distribution of pilchard in relation to northeast shelf waters, the boundary of the EAUC, and the
predominantly oceanic water of the Current itself, is not known. We suspect that they are quite
widespread but patchy, their distribution being controlled by the position of the EAUC boundary.

Harmful algae

Most recent studies conclude or infer that pilchards are predominantly indiscriminate filter-feeders,
although absolute proof is difficult because plankton samples are rarely collected at the same location
and time as the fish. Any harmful algae present will accumulate in the stomach contents. Domoic acid
(DA), a neurotoxin which can cause amnesic shellfish poisoning (ASP), is produced by several species
of Pseudo-nitzschia, including P. australis, and filter-feeding fish are alternate vectors which can
transfer DA to vertebrate predators (Trainer et al. 2000, 2001, Lefebvre et al. 2002a,b, Costa &
Garrido 2004). Pilchards are not themselves affected by the toxins but are certainly vectors. The
presence of potentially harmful Pseudo-nitzschia spp. was noted in a Bream Bay pilchard caught in
September 2003, when diatoms were dominant in stomach contents:

Potentially harmful Other species
Pseudo-nitzschia australis Asterionella glacialis Navicula sp.
Chaetoceros decipiens Nitzschia longissima

Chaetoceros spp. Rhizosolenia setigera

Coscinodiscus wailesii ~ Skeletonema costatum.

Detonula sp. Thalassiosira spp .

Dictylum brightwelli Trichotoxon sp

In the same region in the past several other dinoflagellate species have been reported to cause shellfish
poisoning (Chang et al. 1995). Although no dinoflagellates have been detected in our pilchard stomach
content samples, we cannot rule out the probability that some of these harmful dinoflagellate species
will be ingested by indiscriminate filter feeding during HABs.

Some interrelated issues are noted here for further consideration. It may be useful to monitor pilchard
stomach contents when harmful algal blooms are suspected. This procedure has been suggested for
anchovy in Monterey Bay, California (Lefebvre et al. 2002b), where DA from Pseudo-nitzshia spp.
transmitted via anchovies and pilchards to sea lions and piscivorous seabirds caused mass mortalities
(Fritz et al. 1992, Scholin et al. 2000, Silvagni et al. 1995). Such monitoring could warn of developing
blooms and impending risks to natural shellfish beds and filter-feeding shellfish held in aquaculture. In
addition, if pilchards concentrate sufficient harmful algae within their gut they may pose a direct risk
when fed to captive marine mammals, seabirds, and fish in aquaculture.

Pilchard mortality events

There may be a relationship between the feeding characteristics of pilchards and the large mortality
events that have been recorded for these fish. Mortalities of pilchards occurred in Australia in 1995
and 1998 (Fletcher et al. 1997, Gaughan et al. 2000) and in New Zealand in 1995 (Smith et al. 1996),
attributed to infection by a herpesvirus (Whittington et al. 1997, Hyatt et al. 1997), perhaps introduced
to each region via pilchards imported from elsewhere for use as fish bait and food for farmed tuna
(Gaughan 2002), then transmitted very rapidly from fish to fish through the water. Waves of mortality
spread very rapidly up-current as well as down-current (Murray et. al. 2003); this rapid spread is
typical of epidemics caused by marine pathogens (McCallum et al. 2003), but the phenomenon is not
well understood. Although this topic is outside the scope of the present project, it is worth noting that
the ability of pilchards to filter extremely fine particles from the water commits them to retaining the

14



organic material likely to harbour concentrations of bacteria and viruses (Fuhrman 1999). Pilchards
are probably the only fish species in the pelagic ecosystem of northern New Zealand which does so,
but this link is speculative and may be coincidental. -

14. Conclusions

Initial results were considered disappointing, with a large proportion of the stomach contents being
“unidentifiable”. However, a more extensive search of the literature revealed that this was not unusual,
and a consequence of delays in the sequence: feeding, capture, preservation/freezing, and examination,
in addition to the fine particle feeding habits of this species. Examination of more freshly preserved
stomach contents led us to the not unreasonable conclusion that the green contents represented
phytoplankton, and the pink contents zooplankton; in this we concurred with Davies (1957). We
suspect the colourless material to be organic detritus, i.e., “marine snow”, but its exact nature and
origin would be difficult to determine. Other studies appear not to have attempted its identification.

As a consequence, we suggest that pilchards off northeast New Zealand feed extensively on
phytoplankton, particularly diatoms, as do pilchards in other upwelling regions. On occasion they feed
additionally or wholly on zooplankton. They also ingest particulate organic material, some of which is
likely to be dinoflagellates and other naked nanoplankton not identifiable in our samples, plus the
debris of decaying plankton. In shallow coastal waters they probably take organic detritus of terrestrial
origin.

They thus feed close to the base of the food chain, or trophic pyramid. Upwelling in northeast New
Zealand is seasonal, but probably adequate to provide sufficient phytoplankton and microzooplankton
to maintain the pilchard population through most years. Further, the adaptability of pilchards enables
them to use a wide range of food sizes and sources. When phytoplankton blooms wane they are able to
- filter fine organic particulates as well as actively predate moderate-sized zooplankton. We suggest that
their search for alternate food sources may involve some inshore-offshore or along-shore movement.
However, our results are based on small samples and are speculative. It would be desirable to examine
a larger series of samples, collected at appropriate seasonal intervals through several years, with some
consideration given to sampling during both El Nifio and La Nifia events.

Our study did not address the issue of feeding differences between pilchard and anchovy. A large
proportion of the feeding studies elsewhere do so, in an effort to understand why these two clupeoid
fishes periodically alternate in dominance, as part of the “regime shift” phenomenon. Although there is
some overlap in that anchovy also feed on both phytoplankton and zooplankton, they take relatively
more zooplankton, and larger sized species; they are mainly particulate feeders, not filter feeders. This
distinction is important. Filter-feeding requires fine, elongated gill rakers. The mouth is held open, the
gill covers flared, the gill rakers swing across to form a fine-meshed screen within the mouth, and
feeding occurs when the fish swims forward through food particles; the particles are retained by the
rakers and water exits through the gill openings (Durbin 1979). Particulate feeding is not dependent
on gill rakers, which lie flat within the mouth, and the fish select, bite, and swallow individual prey.

It is commonly, but not universally, believed that pilchards are the more successful of this species-pair
in most upwelling systems, anchovies replacing them when there is a shift in the size and species
structure of available planktonic prey as a consequence of an environmental change. There is very
little information on the relative abundance of pilchards and anchovy in the pelagic ecosystem of
northeast New Zealand, but we suspect (based on egg and larval surveys by Crossland 1982, incidental
catches in fine-mesh bottom trawls, and the relatively greater number of pilchard schools seen by
commercial fishers) that pilchards are dominant along the east Northland coast at least. We speculate
that this would result from their ability to utilise a wider range of food sources, particular those from
lower trophic levels. Future studies on the pilchard in this region would be enhanced by inclusion of
complementary data on anchovy.



This study sought to establish whether pilchards in northeast New Zealand were utilising a plentiful
and reliable food source (mainly phytoplankton), or feeding on localised coastal plankton (mainly
zooplankton), on the premise that this may be a provisional indication of their productivity. Our
qualified conclusion is that the former is true: phytoplankton is major food source, organic detritus is
also present in stomach contents and presumably utilised, zooplankton is taken at times, and the
supply of all these is likely to be good in a region of net upwelling. The pilchard stock is likely to be
moderately productive within the present oceanographic regime, though fluctuations are inevitable.

We suggest that greatest risk to the northeast pilchard stock would be climatic variability which moves
from predominantly neutral and El Nifio conditions to a downwelling La Nifia regime.
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Table 1: Identification of stomach contents in Bream Bay pilchards sampled between September 2002 and September 2003. The fish were brine chilled on capture,
then held frozen for a year prior to extraction of stomach contents.

Length | Stomach Colour of | Unidentifiable | Likely origin of
Date (cm), | fullness' contents material % unidentifiable Identifiable material
Sex material
Sep 02 14 F 6 Dark green 50 Phytoplankton Crustacea dominant (copepods Paracalanus, Acartia, Euterpina, Corycaeus,
Temora). Diatoms plentiful (Pseudo-nitzschia, Rhizosolenia, centric forms)
Sep 02 ISM 6 Dark green 50 Phytoplankton Diatoms dominant (Pseudo-nitzschia, Rhizosolenia, centric forms). Crustaceans in
small proportion (copepod nauplii, Euterpina).
Sep 02 I5M 6 Dark green 70 Phytoplankton Diatoms dominant (Pseudo-nitzschia, Rhizosolenia, centric forms). Crustacea small
proportion (copepod nauplii, Corycaeus, barnacle cyprid, calanoid, harpacticoid).

Oct 02 20F 2 Colourless 85 Detritus Several fish scales, Crustacea (copepod Euterpina)

Oct 02 20F 2 Colourless 85 Detritus Fish scales, Euterpina copepod, several trematodes

Oct 02 1§ M 2 Colourless 99 Detritus Trematode

Nov 02 16 F 2 Greenish 95 Phytoplankton Crustacean fragments: calanoid copepod

Nov 02 16 F 2 Greenish 95 Phytoplankton Crustacean fragments (Corycaeus copepod)

Nov 02 16 M 1 Colourless 100 Detritus N.A.

Jan 03 18 F 3 Colourless 95 Zooplankton Crustacean fragments (Corycaeus copepod)

Jan 03 18 F 2 Colourless 90 Zooplankton Crustacean fragments

Jan 03 17F 4 Greenish 95 Zooplankton Crustacean fragments, Corycaeus copepod,

Feb 03 17F 1 Colourless 90 Detritus Crustacean fragments

Feb 03 16 F 1 Colourless 100 Detritus N.A.

Feb 03 ISF Colourless 100 Detritus N.A.

Apr 03 17M 10 Greenish- 95 Phytoplankton / Phytoplankton: Rhizosolenia spines. Crustacea fragments (copepods, ?decapod
pink Zooplankton larvae), copepods (Oncaea, digested calanoida)

Apr 03 18F 10 Greenish 95 Phytoplankton Crustacea fragments, copepods, trematode.

Apr 03 19 F 10 Greenish 95 Phytoplankton Crustacea fragments

Apr 03 19F 10 Greenish 95 Phytoplankton Crustacea fragments, intact Oncaeid copepod

Apr 03 19F 10 Greenish- 95 Phytoplankton / Crustacea fragments (including copepod), Diatoms: Rhizosolenia spines,
pink Zooplankton Pleurosigma

Apr 03 18 M 10 Greenish- 95 Phytoplankton / Crustacea fragments: Oncaea copepods, Diatoms: Rhizosolenia spines
pink Zooplankton
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Table 1 (continued): Identification of stomach contents in Bream Bay pilchards sampled between September 2002 and September 2003. The fish were brine chilled
on capture, then held frozen for a year prior to extraction of stomach contents.

Length | Stomach Colour of | Unidentifiable | Likely origin of
Date (cm), | fullness' contents material % unidentifiable Identifiable material
Sex material

May 03 19 F 2 Pinkish 50 Zooplankton Crustacea (amphipods, copepods (Temora, Oncaea, Corycaeus), ?decapods)

May 03 18 F 1 Colourless 90 Detritus Crustacea fragments, Diatoms: (Pseudo-nitzschia)

May 03 20F 2 Greenish 80 Phytoplankton Crustacea (copepods: Corycaeus, Euterpina, 7Decopods).

Jul 03 14 M 3 Colourless 50 Detritus Crustacean: copepods Temora, Corycaeus, Euterpina, Paracalanus

Jul 03 17 F 2 Colourless 50 Detritus Crustacea: copepods Corycaeus, Euterpina

Jul 03 14 M 3 Colourless 70 Detritus Crustacea: copepods Corycaeus, Acartia, Oncaea

Aug 03 18 F 2 Colourless 50 Detritus Crustacea fragments including: cdpepods Corycaeus, Temora

Aug 03 17F 2 Colourless 60 Detritus Crustacea fragments: copepods Corycaeus, Euterpina

Aug 03 17M 4 Pink 20 Zooplankton Crustacea fragments: copepods Oncaea, Corycaeus

Sep 03 14 M 6 Greenish 50 Phytoplankton / Crustacea dominant: copepods Corycaeus, Oncaea, Euterpina, Paracalanus,
Zooplankton Clausocalanus. Diatoms small component: Pseudo-nitzschia

Sep 03 ISF 6 Greenish 50 Phytoplankton / | Crustacea dominant: Euterpina, Corycaeus, Oncaea, small amount diatoms: Pseudo-
Zooplankton nitzschia, spines of Rhizosolenia.

Sep 03 16 M 6 Greenish 50 Phytoplankton / Crustacea dominant: copepods Corycaeus, harpacticoid, small amount of
Zooplankton Rhizosolenia

Notes:

1. Stomach fullness; estimated on a scale from I (empty) to 10 (full). These fish were sub-sampled randomly from the sample of fish taken, also randomly, for ageing.
In the minor “other” stomach contents: fish scales are assumed to be from pilchard and ingested during capture of the school; trematodes are assumed to be internal parasites.
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Table 2: Identification of stomach contents in Bream Bay pilchards sampled in October 2004, The fish were brine chilled on capture, then the stomach contents

extracted a few hours later and put directly into 5% formalin.

Length | Stomach Colour of | Unidentifiable | Likely origin of
Date (cm), fullness’ contents material (%) unidentifiable Identifiable material
sex material
Oct 04 19 M 10 Greenish 10° Phytoplankton/ | Diatoms dominant: Cerataulina’, Guinardia, Rhizosolenia, etc. Crustacea: copepod
Liver(?) Euterpina, & fragments. Fish scales

Oct 04 17M 8 Greenish 10° Phytoplankton Diatoms dominant: Cerataulina’, Guinardia, Rhizosolenia, etc. Crustacea: copepod
Temora, Paracalanus, cladoceran. Fish egg

Oct 04 17M 10 Greenish 20° Phytoplankton Diatoms dominant: Cerataulina’, Guinardia, Rhizosolenia, etc. Crustacea: copepod

Temora; Oithona. Fish scale

Oct 04 17M 8 Greenish 90* Phytoplankton Diatoms dominant: Cerataulina’, Guinardia, Rhizosolenia, etc. Crustacea: copepod
Temora. Worm-like (polychaete? fragments

Oct 04 17F 10 Greenish - 50° Animal flesh?’ Diatoms dominant: Cerataulina’, Guinardia, Rhizosolenia, etc. Fish scale

pink
Oct 04 19F 6 Greenish S Phytoplankton | Diatoms dominant: Cerataulina’, Guinardia, Rhizosolenia, etc. Crustacea: copepods
Paracalanus, Qithona, Euterpina; cladocerans. Appendicularians. Fish egg.
Trematode
Notes:

1. Stomach fullness; estimated on a scale from 1 (empty) to 10 (full). All these fish were selected on the basis of having moderately full stomachs, i.e., sufficient contents to
examine for differences between freshly-collected and frozen samples.
2. One lump of material with the appearance of liver.
3. The dominant genus.
4. Amorphous material that is very similar to the diatom cells.
5. Amorphous non-crustacean animal material, assumed to be mollusc or fish
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Figure 1: Locality map, northeast New Zealand. Inset, origin and generalised position of the East
Auckland Current (EAUC, shaded).
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Figure 2: A, Pilchard, Sardinops sagax. B, dissected pilchard, showing (arrow) the stomach section of the
intestinal tract. C, diagram of stomach illustrating the procedure for removal of the contents.
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Figure 3: Pilchard gill arch and gill rakers. A, gill arch position (diagrammatic); GR = gill rakers,
GF = gill filaments. B-G, gill arch and rakers at increasing magnification. H. segment of gill arch (from
B) with 10 mm scale. I and J, gill arch denticles at higher magnification. K, a pair of “linked” denticles

from adjacent gill rakers.
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Figure 4: Fish size, sex ratio, and relationships between fish size, reproductive condition, and stomach
fullness, for a sample of pilchards caught in Bream Bay on 27 October 2004. Top, fish length (Lcf) by sex.
Centre, reproductive condition of males and females, by fish size. Lower, stomach fullness of males and
females, by reproductive status. Centre and lower panels are plotted as cumulative percentages.
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