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A view across Nassau Bay toward the village of Kamiali, Papua New Guinea. Homemade
outrigger canoes such as the one in the foreground are the primary platform for subsistence
fishing. Photograph by Holly Bolick.
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EXECUTIVE SUMMARY

Bishop Museum is leading an effort in partnership with the landowners of Kamiali Village in
Morobe Province in Papua New Guinea (The Kamiali Initiative) to promote environmental
conservation in this megadiverse country by establishing clear and direct economic benefits to
villagers electing to protect their land and water. This self-sustaining model will use bench and
lodging fees paid by researchers to create a trust to fund the village’s modest economic
development needs.

To promote research and conservation at Kamiali Wildlife Management Area, we performed a
preliminary assessment of marine fish diversity and fishing effort. This information will inform
researchers of biological resources in the area, document usage patterns necessary for
management decisions, and establish important baseline information for future studies.

Kamiali Wildlife Management area encompasses 15,000 hectares of marine habitat adjacent to
32,000 hectares of tropical rain forest. The marine portion features extensive fringing reefs, plus
numerous patch reefs and pinnacles. The majority of the area occurs over depths beyond the
limits of conventional SCUBA but, based on fisher behavior and fish catch, probably features
reef outcroppings on sandy sediments.

We performed in-water surveys to document fish diversity, and augmented this list with a
literature review. Fish diversity is high and easily accessed. We encountered at least 212 species
in just four SCUBA dives and a dozen snorkeling excursions. A literature review suggests at
least 1184 coastal marine fish species representing 122 families from 21 orders are present at
Kamiali.

Observations of fishing practices showed that a variety of techniques are used for subsistence
fishing. These include bottomfishing with handlines in deeper bay waters, trolling in open bay
waters, spearing from foot or canoe, and fish poisoning with Derris root. Targeted species
appear to be lutjanids, serranids, carangids, and scombrids, although a much wider range of
species are taken and consumed. Fishing pressure appears to be low. Most subsistence fishing is
done from canoes on the deeper portions of bays. An average of only two percent of seaworthy
canoes actively fish at any one time, and effort changes over the course of a day and week, such
that fishers can take breaks at lunch and on Sundays. Fishing over reef flats is done primarily on
foot, and follows a tidal cycle, with most activity occurring during extreme low tides. The
apparent abundance of fishes at Kamiali, as suggested by the low effort required to obtain an
adequate subsistence catch, is probably maintained by the low-technology, human-powered
fishing methods employed in the area.
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INTRODUCTION

Bishop Museum is leading the Kamiali Initiative, a project to develop a self-sustaining cycle of
environmental conservation, economic development, and scientific research in the coastal
community of Kamiali, Papua New Guinea. In 1996, the village established the Kamiali
Wildlife Management Area, encompassing 32,000 ha of terrestrial habitat and 15,000 ha of the
adjacent marine environment. In doing so Kamiali resisted the short-term financial lure of
logging operations, which have had tragic environmental and social impacts elsewhere along the
Huon Coast, and instead opted to preserve a traditional village lifestyle.

Subsistence fishing and farming is the basis of the Kamiali economy and the focus of village life.
However, residents need cash for basics such as medicine and education; each Kamiali resident
gets malaria an average of just over two times per year (National Fisheries Authority, 2007), and
no family could afford to send its qualified child to high school last year. The village has
attempted to meet its modest economic needs by developing an ecotourism lodge; however the
ecotourism trade was hindered by ineffective marketing, lack of telephone and electronic mail
for logistical planning, and a two-hour ride in an open skiff being the sole means of
transportation to the village.

The isolation that hinders tourism is very attractive for biological research. In 2006, Bishop
Museum and Kamiali leaders signed a memorandum of understanding outlining the development
of a world-class remote research station. Plans include a coastal facility, a second facility at
500m, outposts at 1000 and 1500m, and a series of walking tracks among the sites. Visiting
researchers will pay bench fees for laboratory use and room/board fees at the existing lodge.
These fees will cover operating costs and fund a trust to pay for education and community
development. The Kamiali Initiative thus establishes a link between economic benefit and
environmental conservation, and provides a strong incentive for villagers to protect their land
and water for perpetuity (Figure 1).

Conservation In early 2008, Bishop Museum began

preliminary surveys of marine biodiversity
and fishing practices at Kamiali. These
surveys serve three important purposes.
First, they will provide the information
needed to guide local use of marine resources
Compensation Research to ensure that they are being used sustainably.
Second, they will help create a marine
management plan. A ratified plan is required
@ for uncontested recognition of the wildlife
management area by the Papua New Guinea
national government. Bishop Museum is
working with Kamiali residents to combine
culturally based management practices,
which have successfully maintained
resources for generations, with modern

Figure 1. Conceptual illustration of Bishop
Museum’s conservation initiative at Kamiali,
Papua New Guinea.



conservation science to develop simple but powerful new approaches to sustainable natural
resource use. To help attract research to the area, the management plan will likely feature (a) no-
take area(s) reserved solely for scientific study. The cumulative no-take area must balance the
conflicting needs of being large enough for meaningful research yet small enough that it does not
impinge on the subsistence fishing needs of Kamiali residents. Third, the surveys provide crucial
baseline data for future marine research. These data will provide an overview of the Kamiali
Wildlife Management Area and help scientists plan research activities in the area. They will also
serve as the basis for evaluation of the marine management plan and for studies of long-term
environmental change.

Toward the above ends, this report provides: 1) a description of the marine environment in the
Kamiali Wildlife Management Area, 2) a preliminary checklist of marine fishes at Kamiali, and
3) an outline of fishing practices employed at Kamiali, and 4) an estimate of fishing pressure.

METHODS
Study Area

Kamiali is one of six Kala-speaking villages in Papua New Guinea and is located on the Huon
Coast, approximately 64 km SSE of the port city, Lae. Its approximately 600 residents control
the distribution and use of land, adjacent marine areas, and the resources from both. Subsitence
fishing provides the main source of dietary protein to Kamiali residents, whereas a small
commercial fishing operation provides some cash income. The northern boundary of the
Kamiali Wildlife Management Area is the mouth of the Bitoi River, wheras the Sela River is the
southern limit. A third major river, the Alealer also drains into the management area. Nassau
and Saschen Bays are wholly contained within the management area, as are Lababia and Jawani
Islands and Capes Dinga and Roon. The northern part of Hessen Bay is also contained within
the management area. Large portions of Nassau and Saschen Bay have not undergone
hydrographic survey (Figure 2), however the surveyed area is known to contain extensive
fringing reefs around the capes and islands, as well as numerous patch reefs and pinnacles.

Fish Resources

Underwater photography was used to document the more common and easily observed species
occurring in depths that can be reached using conventional SCUBA. Photographs of freshly
caught individuals documented some species occurring in deeper water. A tally of species
observed but not photographed completed the list of fishes known to occur at Kamiali (assuming
correct visual identifications). Tables 1 and 2 list the sites and transects surveyed. Site 16 was
unintentionally surveyed twice. Transects C, D, and E front the location of the existing
guesthouse and future marine laboratory and were surveyed repeatedly.

The fish checklist was expanded to include species /ikely to occur at Kamiali by reviewing
literature. Although Papua New Guinea is home to approximately 2000 coastal marine fishes
(Allen & Swainston, 1993), the Huon Coast lacks many species known to occur throughout most
of New Guinea (see Figure 3). The checklist presented here includes fishes encountered in



surveys of the nearby areas of Kimbe Bay (Allen & Munday, 1995) and Madang (Allen &
Swainston, 1993), plus those indicated as present along the Huon Coast in Carpenter & Niem
(1998, 1999a, 1999b, 2001a, 2001b). Nomenclature used here follows Froese & Pauly (2008).
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Figure 2. The marine portion of Kamial Wildlife Management Area (circumscribed in black). Red dots
indicate locations of survey sites, blue curves indicate locations and approximate lengths of transects
(coordinates are given in Tables 1 & 2). Adapted from chart Aus 523, published by the Australian

Hydrographic Service. Depths are in meters.



Fishing Practices

Local fishing practices were described through a combination of interview and observation
during a two-week period from late June through early July, 2008. Information summarized
below includes species targeted and caught, gear employed, and methods used.

Fishing Pressure

Fishing activity on Nassau Bay was recorded every 15 minutes during daylight hours (0600 —
1800) from 21 June 2008 through 3 July 2008. Data were grouped into (1) number of canoes

with active fishers and (2) number of fishers active on reef flats.

Table 1. List of marine survey sites at Kamiali Wildlife Management Area. Datum is WGS84.

ID Latitute Longitude Place Name  Habitat

1 7°21'36.94"S  147° 0824.65"E  Sela River Salt Wedge

2 7°21'15.98"S  147° 08'56.88"E Hessen Bay  Fringing Reef

3 7°20'16.41"S 147° 08'47.54"E Saschen Bay Fringing Reef

4 7°19'27.43"S  147° 0820.03"E Saschen Bay Fringing Reef

5 7°19'16.45"S  147° 08'32.47"E Saschen Bay Fringing Reef

6 7°14'56.14"S  147° 08'54.09"E  Gossler Point Patch Reef

7 7°14'41.14"S 147° 08'54.67"E  Gossler Point Patch Reef

8 7°13'14.74"S  147° 09'18.56"E Bitoi River Patch Reef

9 7°16'35.33"S  147° 07'55.53"E Nassau Bay  Sand Bottom

10 7°16'55.68"S 147° 08'43.44"E Nassau Bay = Bottom Unknown
11 7°17'48.64"S 147° 09'51.87"E Cape Dinga  Patch Reef

12 7°17'21.42"S 147°12'30.06"E  Huon Gulf Pinnacle

13 7°17'58.23"S 147° 07'50.52"E Nassau Bay  Sand Flat/Seagrass Bed
14 7°18'00.44"S 147°07'56.88"E Nassau Bay = Seagrass Bed

15 7°17'59.21"S 147° 08'14.40"E Nassau Bay = Mangrove Stand
16 7°20'37.03"S 147°09'54.02"E Cape Roon Patch Reef

17 7°20'06.25"S 147°1228.56"E  Jawani Island Pinnacle

Table 2. List of marine transects at Kamiali Wildlife Mangement Area. FR = Fringing Reef, IT =
Intertidal, DO = Dropoff of Fringing Reef. Datum is WGS84.

ID Start Latitude Start Longitude Stop Latitude  Stop Longitude Place Name Habitat
A 7°20'39.60"S 147° 09'34.60"E  7°20'23.63"S 147°09'20.87"E Cape Roon FR

B 7°1827.11"S 147°09'08.72"E  7°18'17.02"S 147° 08'50.71"E Cape Dinga FR

C 7°17'57.81"S 147°08'33.51"E  7°17'59.91"S 147° 08'04.49"E Nassau Bay FR

D 7°18'02.14"S 147°08'05.73"E  7°1820.07"S 147° 08'46.84"E Cape Dinga IT

E  7°17'55.63"S 147° 07'S0.11"E  7°17'55.25"S 147° 07'57.22"E Nassau Bay DO
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Figure 3. The Huon Coast (arrows) often lacks fishes known throughout much of the region.
Distributions of (A) a sardine and (B) a catfish. From Carpenter & Niem, 1999a.

RESULTS

Marine Environment

The terrestrial portion of the Kamiali Wildlife Management Area is remarkably undeveloped and
characterized by lush vegetation. Kamiali Village is concentrated along the northern portion,
where the shoreline is exclusively sandy beach (Figure 4).

Figure 4. The marine portion of Kamial Wildlife Management Area is adjacent to 32,000 hectares of
protected rain forest (left). Kamiali village is home to approximately 600 people and is located along the
sandy shoreline of Nassau Bay (right).

The southern shoreline is dominated by fringing reefs on Capes Dinga and Roon. Fringing reefs
also surround the islands of Lababia and Jawani. These reefs may abut rocky shoreline or sandy
coves. The intertidal zone may be dominated by mangroves, mud flats, or seagrass beds (Figure
5). Seaward, the reef flats typically feature carbonate bench or coral beds with occasional



patches of sand or rubble (Figure 6). The reef crest is features a high abundance and diversity of
corals, although occasional beds of rubble composed of coral fragments also occur (Figure 7).
The reef face is steep, typically descends 20 to 30 meters, and features corals, consolidated
carbonate substrate, and rubble (Figure 8).

Figure 5.Dominant features of tidal flats include mangroves (left), mudflats (right foreground) and
seagrass beds (right background).

Figure 6. The seaward reef flat may feature dense coral beds (left) or a carbonate bench interspersed with
sand and rubble (right).

At the base, fringing reefs give way to sandy sediment that presumably occupies the majority of
the marine area. Some patch reefs and pinnacles are interspersed throughout this presumably
sedimentary area, but the majority of the bottom beyond the fringing reefs is beyond the depth
limits of conventional SCUBA. However, fishing behavior and known habitat association of
targeted bottomfish species (described below) suggest reef outcrops occur throughout the deeper
portions of the management area.



Figure 7. Reef crests are often sites of high fish abundance, and may feature abundant and diverse coral
assemblages (left) or rubble beds (right).

Figure 8. The reef face is steep and descends 20 or 30 meters before abruptly giving way to sandy
sediments. The reef face harbors high fish abundance and its substrate may be dense corals (left) or a mix
of corals, rubble, and consolidated carbonate (right).

Fish Resources

A diverse coastal marine fish fauna is easily accessible at Kamiali Wildlife Management Area.
Just four tanks-worth of SCUBA diving, and a few days of casual snorkeling yielded 155 species
photographed and an additional 57 species observed. The latter number was limited more by the
authors’ unfamiliarity with the fish fauna of Papua New Guinea than by a lack of diversity.
Fishes that were reasonably well photographed and able to be visually identified with reasonable
certainty area illustrated in Plates 1-24. A literature review suggests that at least 1184 coastal
marine fish species representing 122 families from 21 orders occur within the Kamiali Wildlife
Management Area. These are listed in the appendix.



Fishing Practices

Fishing can be generally described as low-technology. Methods used depend on fishing location:
in deeper water (off the fringing reefs), where most fishing occurrs, methods are canoe-based and
performed by men; whereas in the shallower water of the fringing reefs methods are a
combination of canoe- and foot-based and may be performed by men, women or children.

Vessels used in deep water are home-made outrigger canoes. Canoe making is a time- and labor-
intensive community event (Figure 9). Hulls are fashioned from trees planted specifically for
canoe production, and these trees are planted years in advance of an anticipated need for new
canoes. Trees are felled en masse (about 100 canoes were being built during June and July
2008). Hewing is done by hand, then the hulls are left to season. Canoes are completed with the
addition of outriggers and cargo platforms. Ten plant species, each with its own application, are
used in the construction of every canoe. A canoe is expected to last up to five years.

Figure 9. Fishing is done primarily from hand-fashioned outrigger canoes. A massive canoe-building
effort was underway during late June and early July 2008.

Canoe-based fishing primarily involves handlining or trolling. Handlining is the more common
activity and consists of one (sometimes two) individuals paddling to a favored and semi-
exclusive location and lowering a baited hook to the bottom. Hooks are tied to approximately
20-1b monofilament line would around commercially produced plastic or hand-made wooden
spools. Because of the water depth in the open bay (see Figure 2), fishers do not anchor,
presumably because currents and wind will move a canoe anchored with suitable scope off the
intended fishing site. Rather, individuals fish the site until moved too far by wind or current,
then paddle back to the site and repeat the process.

Handlining may be done for subsistence or commercial purposes. Subsistence fishing appears to
occur primarily in the bays of the wildlife management area (i.e., closer to shore and near
residences). Fishes targeted by nearshore handlining are lutjanids (especially the red emporer,



Lutjanus sebae), serranids, and carangids (Figure 10); however the catch may include a broader
range of families, most of which are associated with reef outcroppings in sedimentary habitats.

Figure 10. Fish targeted by handlining include snappers and groupers (left), and jacks (right). The purple
portion of the hanging scale in the right photograph is 205 mm long.

Commercial handlining occurs farther offshore and, during June and July 2008, was based from
a fish camp located on the seaward reach of Cape Dinga. Here, a dealer supplies ice in an
insulated box where fishers keep their catch until fish are transported to market in the port city of
Lae. Fuel costs for boat transportation to Lae are high, and decisions on when to go to market
are based on a trade-off between how fast the ice melts (there is no electrical system at Kamiali)
and how quickly the box is filled with fish. Commercial handliners paddle offshore, fish in
depths of about 200 meters, and their catch is composed primarily of deep-water lutjanids such
as Pristipomoides species and Aprion virescens.

Trolling is an energy-intensive and sporadic event typically triggered by the appearance of pods
of dolphins or flocks of frigate birds, or both, which usually indicate the presence of tuna. A call
is raised when birds or dolphins are spotted and three to five canoes, each with two men
paddling, head toward the animals. When the school is reached, fishing may commence with
bait catching. This is accomplished by pole casting. Here an approximately 7 meter bamboo
pole with an equivalent length of monofilament line is used to cast a hook into the school of fish.
The hook is retrieved near the water surface by swinging the pole backwards (i.e., a reel is not
used). This method targets small scombrids, Rastrelliger kanagurta, which are used as bait.
Trolling commences by baiting hooks attached to poles and handlines. Poles are secured
outrigger-fashion and handlines are trailed behind the canoe as it is paddled along with the
school of tuna. Trolling lasts as long as a concentration of fish can be followed. These schools
may break up within 15 minutes or be followed across the width of a bay (~5.75 km in Nassau
Bay, which fronts the village). Although trolling primarily targeted tunas, other pelagic fishes
such as sailfish, Istiophorus platypterus, may occasionally be caught (Figure 11).



Figure 11. Trolling typically targets tunas, however exceptional catches do occur, such as this sailfish
caught from a canoe approximately 200 meters from shore.

In the shallower water over and immediately adjacent to fringing reefs, the handlining and
trolling methods described above may be employed to target shallow-water species, however a
different suite of methods is more commonly employed. Most common is spearfishing, which is
effective at any point during the tidal cycle. Here, an individual on foot or canoe throws a
bamboo pole tipped with metal tines through the air at a targeted fish (Figure 12). Surface fishes
(e.g., belonids) were commonly targeted, although seagrass-associated species (e.g., some
siganids) were also caught.

Less-selective fishing occurs at lowest low tide, and includes gleaning for invertebrates (not
covered here). Finfishes are harvested with Derris, a native terrestrial plant containing the
ichthyocidal compound, rotenone. Here, a bundle of Derris roots is collected, pounded with
rocks, and sap is expressed into a shallow pool of still water. This fishing method is commonly
described as non-selective; however, mobile fishes tend to vacate the area before being killed by
rotenone, so the method is most effective for site-attached fishes (Figure 13). Fishers will
sometimes employ a gillnet to prevent escape of the more mobile species. After fish succumb to
rotenone, they are collected by hand or spear. Fishes most commonly caught with Derris fishing
during June and July 2008 were lutjanids, siganids, wrasses, holocentrids, mullids, and
chaetodontids.
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Figure 12. Spearfishing involves throwing a metal-tipped bamboo pole at fish sighted near the surface.

Village boys sometimes spearfish from wooden platforms built in shallow water near sandy
beaches. Coconut inflorescences are hung from the platform and left submerged. These attract
small fish (Figure 14), which are used as bait; however, the primary target appears to be squid,
which are said to lay eggs in the inflorescences. These platforms are temporary; two platforms
observed in February 2008 were absent in June 2008, and a third structure had been erected.

Fishing Pressure

Nassau Bay, on which Kamiali’s approximately 600 residents live, is the primary location of
subsistence fishing activity. A total of 101 canoes in working condition were present in the
village on 29 June 2008. Figure 15 shows levels of canoe-based fishing activity, by time of day,
for the two-week period during which fishing activities were observed. In general, no fishing
occurred at daybreak (06:00), but numbers of actively fishing canoes increased until late
morning, then dropped at noon. Fishing then resumed, and by 13:30 had typically resumed peak
levels seen in the morning. The number of fishing canoes continued to increase through early
evening (17:00), then dropped sharply as dark approached. Canoes were sometimes on the water
after darkness prevented continued observations. Importantly, the number of actively fishing
canoes at any one time was low. The morning peak averaged two canoes, and the afternoon peak
averaged four.

Fishing effort also varied by day of the week. Figure 16 shows that, at any one time, an average
of two canoes fish on Nassau Bay from Tuesday through Thursday. Effort nearly doubles on
Saturday, drops to negligible levels on Sunday, and increases slightly on Monday. The weekend
pattern appears to be driven by social expectations; nearly all village residents attend church
followed by a village meeting on Sundays and fishing is discouraged on that day. High effort on
Saturdays represents an effort to gather enough food so that individuals do not need to fish on
Sundays. Villagers often have enough remaining fish, so that just a few individuals return to the
water on Mondays. Overall, fishing pressure is low, with a mean of about 2% of seaworthy
canoes engaged in fishing at any one time.

11



Figure 13. Derris root is sometimes used to collect fish on the reef flat. A bundle of roots is being
pounded in preparation for use (left) and fish are often retrieved with a spear (right).

Figure 14. Small fishes are attracted to coconut inflorescences tied to spearfishing platforms.

12
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Figure 15. Number of canoes (mean = SD) engaged in fishing on Nassau Bay.

Fishing from foot on reef flats follows a different pattern and appears to be driven by the tidal
cycle. Beginning 30 June 2008, extreme low tides occurred at Kamiali Wildlife Management
Area(Figure 17), with lowest tide later in the day as the week progressed. Figure 18 shows
fishing on reef flats tracking lowest tides throughout the week. Prior to these extreme low tide
events, fishing on the flats was negligible (two days, 6/28 and 6/29, are shown for an example).
Women and children were often the primary fishers during these times, and harvest included
invertebrates (molluscs, crustaceans, and holothuroids); however, approximately half of the
individuals fishing at any one time were carrying spears, so finfish were also targeted during
these times.

Fishing effort was not equally distributed across the reef flat. The observation post we used was
located in front of the Kamiali Guesthouse, situated in the middle of the north side of Cape
Dinga. The majority of activity on this reef flat was toward the seaward (eastern) side of this
shore. Very little fishing was observed on the western side, which fronts the site where a coastal
laboratory will be built.
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Figure 16. Fishing effort (average number of canoes per 15 minute period) by day of the week. Effort
was relatively constant during weekdays, higher on Saturday, and low on Sunday.

Figure 17. Fringing reef flat during an extreme low tide on 30 June 2008.
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Figure 18. Foot-based fishing activity on reef flats, by day. Extreme low tides began on June 30 and
occurred later each day through July 3.
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DISCUSSION

The data presented here are based on a total 16 days on site at Kamiali Wildlife Management
Area, using a small suite of field methods. Because of these limitations, some uncertainty about
the environment, fish diversity, and fishing practices at Kamiali remain.

Although fringing and patch reefs are easily accessible and were reasonably well surveyed, the
majority of the marine portion of the wildlife management area occurs in depths beyond the
limits of conventional SCUBA and a large portion the bathymetry of the open bays has not been
characterized (Figure 2). The bottom immediately adjacent to fringing reefs is sandy sediment;
however, two lines of evidence suggest reef outcroppings occur throughout the deeper portions
of the bays. Fishermen have favored fishing sites, which they locate using a set of landmarks
(ranges). They will bottom-fish at these sites until wind or currents move their canoes off the
site, then paddle back to continue fishing. This behavior suggests the substrate in the open bay is
not uniform. The bottom-associated fishes caught at these sites are known to inhabit reefs. For
instance, Randall ef al. (1990) describe the favored fish, Lutjanus sebae, as occurring on
lagoonal coral reefs found on sand flats. In the future, we expect to use advanced diving
techniques to unambiguously characterize the deeper portions of the marine area.

Although remarkable and easily accessible fish diversity was encountered during the limited time
spent in shallow water (< 20 m), much of checklist of 1184 fishes presented in Appendix I is
based on the assumption that fishes found during surveys at nearby areas also occur at Kamiali.
Despite the possibility that some of these fishes may not occur along the Huon Coast, the
Kamiali fish checklist almost certainly underestimates total fish species richness; the literature
used to construct the checklist under-represents cryptic groups such as moray eels and gobies.
The latter is known to be the most speciose group of marine fishes, and several hundred species
are expected to occur in Papua New Guinea (Allen & Swainson, 1993). The checklist of coastal
marine fishes at Kamiali will undoubtedly change as the fish fauna is more thoroughly surveyed.

The information on fishing practices and effort presented here is a limited snapshot, even for the
time spent on site. Observations were made only during daylight hours, but Kamiali residents
are known to fish at night (Wagner, 2002). Darkness prevented the characterization of nocturnal
fishing activity. It is highly possible that fishing patterns at Kamiali change seasonally. This
could be driven by seasonal fish behavior, weather patterns, or both. For instance, observations
of fishing practices were done during a two-week period of the rainy season. It is possible that
the thick, persistent freshwater lens (nearly 2 m thick on some days) caused a change in shallow-
water fish distributions, or that heavy rains discouraged fishing activities. Likewise, the extreme
low tides observed during early July may be an annual or a monthly event. The frequency of
these low tides probably influence the level of fishing on fringing reefs. Indeed, a Morobe-
Province-wide analysis of fishing by the National Fisheries Authority (2007) shows that fishing
for most species is heaviest during the early and late parts of a calendar year (i.e., this study was
conducted during a period when fishing effort is lightest). Likewise, the National Fisheries
Authority (2007) showed that monthly fishing patterns are characterized by heaviest activity
during the week of a new moon.
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Fishing pressure appears low in Nassau Bay, even though fish from this area provide the primary
source of dietary protein to approximately 600 residents. An average 2% of seaworthy canoes
were involved in fishing at any one time. Further, fish appear to be caught in sufficient quantity
to allow daily lunch breaks (Figure 15) and, with a bit of extra effort on Saturdays, near cessation
of fishing on Sundays with Saturday’s catch often lasting into Monday (Figure 16).

Notably rare in Kamiali Wildlife Mangement Area is fishing from motorized vessels. Two
working skiffs were present in July 2008, but these were used in a business to transport villagers
and cargo to and from Lae. The only times trolling from these vessels was observed in the
wildlife management areas occurred when the authors hired the boats for survey work. The high
initial cost purchasing a boat and motor combined with ongoing fuel costs appears prohibitive
when the ease of obtaining an adequate catch using human-powered canoes is considered.

This use of human-powered vessels helps maintain a buffer from fishing in other areas of
Kamiali Wildlife Management Area. Fishing in Saschen and Hessen Bays requires significantly
more transportation effort than does fishing in Nassau Bay which fronts the village of Kamiali.
Residents suggest that low fishing pressure in these bays keeps fish abundance high, and
describe the infrequent fishing forays into these bays as being akin to taking a trip to the
supermarket.

Despite the ease of procuring an adequate catch, some villagers expressed concern that the fishes
being kept for consumption were too small. Bottom-associated fish caught in the open bay,
where most fishing effort is concentrated, experience severe barotrauma when caught on
handlines (see the protruding eyes of fishes on the left side of Figure 10). These fish are unlikely
to survive if released. If Kamiali fishers wish to conserve the smaller individuals of these
bottom-associated target species, opting to use larger hooks appears to be a viable option.
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Plate 1. Acanthuridae. Acanthurus dussumieri, Acanthurus lineatus, Acanthurus mata,
Acanthurus pyroferus, Acanthurus triostegus, Ctenochaetus tomeniensis.
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Plate 2. Acanthuridae, Apogonidae and Balistidae. Naso hexacanthus, Naso viamingii,
Zebrasoma scopas, Cheilodipterus quinquelineatus, Balistapus undulatus, Balistoides
conspicillum.
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Plaate 3. Balistidae, Blenniidae and Caesionidae. Odonus niger, Escenius prooculis,
Meiacanthus grammistes, Plagiotremus laudandus, Caesio caerulaurea.
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Plate 4. Caesionidae and Carangidae. Caesio cuning, Pterocaesio tile, Pterocaesio trilineata,
Carangoides ferdau, Carangoides orthogrammus, Caranx melampygus.
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Plate 5. Carcharhinidae and Chaetodontidae. Triaenodon obesus, Chaetodon octofasciatus,
Chaetodon ornatissimus, Chaetodon trifasciatus, Chaetodon unimaculatus.
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Plate 6. Chaetodontidae. Chaetodon vagabundus, Choradion chrysozonus, Forcipiger
flavissimus, Forcipiger longirostrus, Heniochus acuminatus, Heniochus chrysostomus.
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Plate 7. Chaetodontidae, Cirrhitidae and Ephippidae. Heniochus varius, Cirrhitichthys falco,
Paracirrhites arcatus, Paracirrhites forsteri, Platax pinnatus, Platax tiera.
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Plate 8. Gobiidae, Haemulidae and Holocentridae. Ambliygobius rainfordi, Periophthalmus
novaeguineaensis, Plectorhinchus lineatus, Plectorhinchus orientalis, Myripristis adusta,
Myripristis berndti.
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Plate 9. Holocentridae and Labridae. Myripristis kuntee, Myripristis violacea, Neoniphon
sammara, Sargocentron caudimaculatum, Bodianus diana, Bodianus mesothorax.
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Plate 10. Labridae. Cheilinus fasciatus, Choerodon anchorago, Gomphosus varius, Halichoeres
hortulanus, Halichoeres prosopeion, Halichoeres pupurescens.
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Plate 11. Labridae. Labroides dimidiatus, Oxycheilinus celebicus, Pseudocheilinus hexataenia,
Thalassoma amblycephalum, Thalassoma hardwicke, Thalassoma jansenii.
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Plate 12. Labridae, Lethrinidae and Lutjanidae. Thalassoma lunare, Thalassoma lunare
(juvenile), Gnathodentex aurolineatus, Lethrinus harak, Monotaxis grandoculis, Lutjanus
biguttatus.
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Plate 13. Lutjanidae. Lutjanus carponotatus, Lutjanus fulvus, Lutjanus gibbus, Lutjanus
semicinctus, Macolor macularis, Macolor macularis (juvenile).
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Plate 14. Lutjanidae, Monodactylidae and Mullidae. Symphorus nematophorus, Monodactylus
argenteus, Parupeneus barberinus, Parupeneus cyclostomus, Parupeneus multifasciatus,
Parupeneus trifasciatus.
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Plate 15. Nemipteridae, Pempheridae, Pinguipedidae and Pomacanthidae. Scolopsis bilineata,
Scolopsis ciliata, Pempheris oualensis, Parapercis xanthozona, Centropyge bicolor, Centropyge
vroliki.
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Plate 16. Pomacanthidae and Pomacentridae. Chaetodontoplus mesoleucus, Pomacanthus
navarchus, Pygoplites diacanthus, Abudefduf sexfasciatus, Abudefduf vaigiensis,
Acanthochromis polyacanthus.
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Plate 17. Pomacentridae. Amblyglyphidodon aureus, Amblyglyphidodon curacao,
Amblyglyphidodon leucogaster, Amphiprion clarkii, Amphiprion percula, Amphiprion
perideraion.
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Plate 18. Pomacentridae. Chrysiptera flavipinnis, Chromis ambionensis, Chromis atripes,
Chromis lineata, Chromis margaritifer, Chromis retrofasciata.
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Plate 19. Pomacentridae. Chromis xanthura, Chrysiptera biocellata (juvenile), Chrysiptera
cyanea, Chrysiptera parasema, Chrysiptera rollandi, Chrysiptera talboti.
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Plate 20. Pomacentridae. Dascyllus reticulatus, Dascyllus trimaculatus, Neoglyphidodon
nigroris, Neopomacentrus azysron, Pomacentrus bankanensis, Pomacentrus lepidogenys.
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Plate 21. Pomacentridae and Scaridae. Pomacentrus moluccensis, Pomacentrus nigromanus,
Pomacentrus reidi, Premnas biaculeatus, Cetoscarus bicolor, Chlorurus bleekeri (female).
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Plate 22. Scaridae, Scombridae, Scorpaenidae and Serranidae. Chlorurus bleekeri (male), Scarus
flavipectoralis (female), Scarus flavipectoralis (male), Rastrelliger kanagurta, Pterois volitans,
Cephalopholis cyanostigma.
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Plate 23. Serranidae and Siganidae. Cephalopholis microprion, Cephalopholis urodeta,
Pseudanthias pleurotania, Pseudanthias tuka, Variola louti, Siganus doliatus.
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Plate 24. Synodontidae, Tetraodontidae and Zanclidae. Synodus variegatus, Arothron mappa,
Arothron nigropunctatus, Canthiaster solandri, Zanclus cornutus.
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