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Catch reconstruction for U.S. associated Pacific Islands

1. Executive Summary

Fisheries have played a key role in defining and shaping Pacific Island societies.
While fisheries for pelagic species such as tuna and billfishes are generally of
great commercial significance, near-shore fisheries targeting coral reef species and
species closely associated with coral reefs are of more fundamental importance,
providing subsistence, recreational, cultural and food security functions. However,
with regards to monitoring and reporting catches, these fisheries, owing to their
scattered nature, have generally been ignored or neglected in official statistics, due
to perceived difficulties in obtaining reliable ‘hard data’. Thus, such catches

remain unaccounted for in official statistics.

Reconstructing historic catches in cases where time-series data are lacking,
requires bold assumptions and interpolations between often widely spaced data
anchor points. These anchor points are usually based on data sources such as local
studies, fisheries-unrelated studies (e.g., human diet- and consumption-studies)
and generally unpublished gray literature. However, such approaches are required,
as the alternative, i.e., continuing the established pattern of dealing with ‘no time-
series data’ situations by not reporting anything (which eventually is interpreted as
‘zero’ catches) is not really acceptable in light of increasing demands for
accountability, and calls for sustainability and ecosystem based approaches to
management. Without more fully accounting for all fisheries catches, we will not
be able to obtain any measure of the true direct and indirect economic, as well as
cultural value of marine resources to society, or of the cost overfishing represents

for Pacific Island communities.

The purpose of this project was to assemble available information on catches for
the coral reef fisheries of the U.S. associated islands of the Western Pacific region,

specifically American Samoa, Guam, the Commonwealth of the Northern Mariana
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Islands (CNMI), Hawaii, and the other, isolated islands and atolls under U.S.
jurisdiction, for the 1950-2002 period. The aim was to derive estimates of total
removal of marine resources for this period, excluding large pelagic fisheries (e.g.,
tunas and billfishes). Thus, the focus was on coral reef fisheries, including the
bottom-fisheries, as well as catches of coastal, reef-associated small pelagic

species such as scads and jacks.

Overall summary
The catch reconstruction for the U.S. associated islands of the Western Pacific
undertaken here indicated:

e The catches for all islands combined suggested a substantial decline of about
72 % in total catches between 1950 and 2002. This contrasted distinctly with
the pattern observed from the officially reported data alone, which suggested
an increase in catches of about 19% (Figure 1.1); and

e The official reported data under-represented the reconstructed likely total
catches for this time period by a factor of about 5 (Figure 1.1). This implies a

substantial, if inadvertent, mis-representation of the status of local fisheries.

Individual island entities

For American Samoa (Section 3.1), the reconstructed catches suggested a decline
of about 80% in catches for coral reef and reef-associated pelagic fisheries
between 1950 and 2002. Significant also was the 15-fold difference between the
reconstructed catches and the official statistics as reported by the Western Pacific
Fisheries Information Network (WPacFIN), based on data reported by American
Samoa. Given the historic focus of official data collection systems on reporting
commercial landings for economic development purposes, it is not surprising that
the statistics for American Samoa reflect only the predominantly commercial
small-boat bottom fish catches reported through WPacFIN (as well as the large

pelagic species excluded here).
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For Guam (Section 3.2), the reconstruction of historic catches suggested a decline
of over 90% over the 50 year time period considered here. Important also is the 7
fold discrepancy between the reconstructed catches and the officially reported
statistics. As officially reported data are usually used as indicators of global,
regional and local fisheries conditions and trends, they are inadvertently mis-

representing the likely status of fisheries and resources in Guam.

For the Commonwealth of the Northern Mariana Islands (CNMI; Section 3.3), the
reconstructed catches indicated a decline of about 48% in catches between 1950
and 2002. Comparing the officially reported non-pelagic catches with the
reconstructed catches, indicated a 3 fold under-representation of catches by the

officially reported data, compared to the reconstructed totals.

For Hawaii (Section 3.4), our reconstruction suggested that the combined
commercial (officially reported data) and non-commercial fisheries catches for
non-pelagic species declined by about 67% between 1950 and 2002. The un-
reported, non-commercial fisheries catches alone appear to have declined by about
78% over this time period. Furthermore, our reconstruction also suggested that,
summed over the entire time period, non-commercial catches were approximately

three times those of commercial landings.

For the other islands (Midway Atoll, Johnston Atoll, Palmyra Atoll, and Wake,
Jarvis, Baker and Howland Islands; Section 3.5), only Johnston, Midway and
Wake have small resident populations, and have small, recreational fisheries, with
most data not reported in the official statistics. Reconstruction of catches for
Johnston atoll suggested possible catches ranging from about 6 t-year' (13,000
Ibs-year") for 1950 to a peak of about 14 tyear’ (32,000 lbs-year") in 1985,
before declining to approximately 3 t-year' (6,500 lbs-year') by 2002, with the
overall pattern driven by changes in resident population of military and civilian

personnel. Overall, an estimated total catch of about 435 t (960,000 1bs) was likely
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extracted from the near-shore reefs around Johnston Atoll over the period
considered here. The relatively small population of military and civilian personnel
based on Wake Island were thought to catch on average approximately 900

kg-year” (1,960 lbs-year™).

While local and regional agencies are aware of the official data being incomplete,
our reconstruction makes the full scale of the likely mis-representation evident.
The historic catch estimates will be useful for the assessments of fisheries and
ecosystem status and conditions, i.e., as baselines of historic patterns, and as

indicators of past productivity, largely lost at the present.

The present estimates are clearly not ‘accurate’ in the sense of being close to the
‘true’ time-series values, which are obviously not known. However, fundamentally
important is the realization that the present estimates are less ‘wrong’ than what is
used otherwise, i.e., the currently officially reported figures. We have shown that
ignoring the catches of the non-commercial sectors of fisheries resulted in
fundamentally skewed pictures of the historic use of coral reef resources in these

islands. Moreover, we have shown that our approach led to conservative estimates.

Accepting the distinctly different baselines of past catches as presented in this
report sheds new light on issues and concerns for fisheries sustainability and
conservation. We suggest that management considerations regarding use and
conservation of near-shore coral reefs, especially around the main inhabited
islands, are no longer about ‘sustainability’, but rather about rebuilding depleted
ecosystems. Also, the forgone benefits of not rebuilding will have to be considered

when evaluating management strategies.
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Figure 1.1: Total reconstructed catches of coral reef-, bottom- and reef-associated
pelagic-fisheries for all U.S. associated islands of the Western Pacific combined,
versus the officially reported statistics based on national reporting to FAO. Both
the substantial under-representation of likely total catches, as well as the missed
distinct decline in catches is evident when considering only the officially reported
data.
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2. General introduction

Fisheries resources have played a key role in defining and shaping Pacific Island
communities for centuries (Dalzell, 1998; Anonymous, 2001). While fisheries for
pelagic species are often the most significant commercial fisheries in many areas
of the tropical Pacific, near-shore coral reef fisheries are generally of more
fundamental subsistence, recreational, social and cultural importance for many of
the island communities, providing more than just food, trade and recreational
resources (Boehlert, 1993; Dalzell, 1996; Dalzell et al., 1996; Dalzell and Adams,
1997). Also, subsistence fisheries in many Pacific Island communities play, as
primary source of protein, a particularly vital role in food security (Anonymous,
2001). Yet they are often ignored in official statistics due to perceived difficulties
in ‘hard-data’ quantification (Anonymous, 2000). However, while catches for
large pelagics are generally relatively well documented (at least for the last
decades), catches for the small-scale, artisanal and recreational fisheries are often
not reported to fisheries agencies. Hence, extractions of these marine resources
usually remain unaccounted for in national and global statistics (Pauly, 1998).
Such inadequate accounting and the resulting poor understanding of historical
trends are a concern, given recent illustrations of the generally overlooked
historical impacts of fishing and other human activities on marine resources and
ecosystems (Jackson, 1997; Jackson et al., 2001; Watson and Pauly, 2001; Pauly
et al., 2002; Christensen et al., 2003; Pandolfi et al., 2003).

Reconstruction of historic catch time series in cases where ‘hard’ time series data
are lacking often requires interpolation and bold assumptions, justified by the
unacceptable nature of the alternative, i.e., accepting catches as zero (Pauly, 1998).
For example, the only global data set of fisheries catches in existence, assembled
and maintained by the United Nations Food and Agriculture Organization (FAO,

extracted June 2003), based on member country reports, presents total catches for
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Guam as <200 t prior to the mid 1980s (the majority being unidentified
‘miscellaneous marine fishes’). Clearly, this is not reflective of true catches for an
island whose human population nearly doubled between 1950-1980, from
approximately 60,000 to over 100,000. Similarly, catches of non-pelagic species
for the Northern Mariana Islands and American Samoa are poorly represented in

FAO fisheries statistics, especially for the pre-1990 period.

Without accounting for fisheries catches for all sectors of a community, we cannot
obtain any measure of the true direct and indirect economic as well as cultural
value of these resources to the communities, or of the risks overfishing may
represent for Western Pacific Island societies. This is of concern, given that human
population growth rates in some areas of the Pacific are among the highest in the
world (Craig, 2002; Green, 2002) and natural resources in the small Pacific Islands
are limited, and perceived to be declining (Craig, 1995). Furthermore, for many
Pacific Islands, the shift from predominantly subsistence to westernized, cash-
oriented economies, combined with increasing westernized development since the
Second World War (WWII), has resulted in significantly diminished availability of
coastal marine resources as a result of substantial environmental degradation of
near-shore reefs due to coastal development. While localized overfishing is to
blame for some of these impacts, coastal development, construction, discharges,
pollution and poor watershed management leading to sedimentation have likely
contributed substantially to reduce coral reef habitat- and resource-status. This is
particularly the case close to human population centers on the main islands, while

more remote locations appear in better shape (Green, 1997; Anonymous, 2001).

Given the highly scattered nature of coral reef fisheries, their catches are often not
reported (Munro, 1980), despite the data assimilation and reporting support
provided to U.S. associated islands by the National Oceanic and Atmospheric
Administration (NOAA) through the Western Pacific Fisheries Information

Network (WPacFIN, www.pifsc.noaa.gov/wpacfin). While many fisheries are
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unique to certain locations, such as palolo worm in American Samoa (Craig et al.,
1993), or the seasonal fisheries for juvenile rabbitfish in Guam (Hensley and
Sherwood, 1993), some aspects, such as the seasonal fisheries for big-eye scad
(Selar crumenophthalmus), are common to all islands (Boehlert, 1993). However,
in many instances, small-scale studies have been undertaken, reporting local
catches or catch rates for specific periods, locations and/or gear types (e.g., Craig
et al., 1993). Information is also often ‘available’ only in difficult-to-access gray
literature reports (e.g., Saucerman, 1994), or form part of published studies with a
primary focus other than catch reporting (e.g., Craig et al., 1997). Such sources
can form the foundation for deriving coral reef fisheries catches, catch rates per
unit area, or per caput catch rates during a given time interval. These time point
estimates provide anchor points of ‘hard’ data around which total catch estimates
can be formed. Once all such data have been extracted, interpolations can be
employed to fill in the periods for which hard data are missing. While, at first
sight, interpolated periods may seem unsupported by data, the unfortunately
common alternative is to leave years blank (no data), which later will invariably
be interpreted as catches of zero, which is far worse than any interpolated estimate
(Pauly, 1998). Thus, the key aspect of the approach used here is psychological, as
one has to overcome the notion that ‘no information is available’, which is not
only generally incorrect when dealing with fisheries, but also profoundly

misleading (Pauly, 1998).

The purpose of the present project was to assemble available information and data
on catches for the coral reef fisheries of American Samoa, Guam, the
Commonwealth of the Northern Mariana Islands (CNMI) and Hawaii (Figure 2.1),
for the 1950-2002 period. The aim was to derive estimates of total removal of
marine resources for this period. The present reconstructions exclude large pelagic
fisheries (e.g., tunas and billfishes). The remainder was treated as reef fisheries

catches, including the so-called ‘bottom-fishery’ (Anonymous, 2004), as well as
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catches of coastal, reef-associated small pelagic species such as carangids, e.g., the

big-eye scad (Selar crumenophthalmus), culturally important in many islands.

Significantly, by ascertaining historic baselines and time series of catches we can
establish foundations on which local, community based management initiatives
can build for long-term ecosystem rebuilding, leading to eventual sustainability,
and the maintenance of the livelihoods and cultures of island societies (Pauly et

al., 2002).
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Figure 2.1: Map of the Pacific Ocean, showing the location and EEZs of the U.S.
associated Pacific Islands: American Samoa, Guam, Commonwealth of Northern
Mariana Islands, Hawaii, and the other minor islands (Midway, Wake, Johnston,
Palmyra, Jarvis, Baker and Howland Islands). Other countries mentioned in the
text are also shown. Map courtesy of A. Kitchingman, Sea Around Us Project,
University of British Columbia Fisheries Centre.
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3. Methods and Results

3.1 American Samoa

Introduction

American Samoa, the only U.S. territory south of the equator (14° 20°S, 170°W,
land area: 200 km?, Figure 2.1) includes two coral atolls and five volcanic islands.
It is composed of the main island Tutuila, Aunu’u, the Manu’a Islands of Ofu,
Olesega and Tau, the uninhabited Rose Atoll, and Swains Island. The islands are
surrounded by fringing coral reefs that are partially exposed at low tide (NOAA,
1998). Estimated total coral reef area to 50 m depth is 479 km? (A. Graves,
National Park of American Samoa, pers. comm.), while the EEZ comprises
404,670 km”. Beyond the reef edges of most islands, the bottom drops rapidly to
deep water. The reefs around the main island of Tutuila have experienced several
major hurricanes, a crown-of-thorns outbreak in the 1970s and a coral bleaching
event in 1994, all causing substantial habitat damage (NOAA, 1998). While the
coral communities seem to be recovering (Green, 2002), the fish communities
around Tutuila appear not. The reefs of the more remote outer islands appear to be

in good condition (Green, 1997, 2002).

Tuna canneries and the local government are the two main employers on American
Samoa, with canned tuna being the only significant export commodity, supplying
about 25% of all canned tuna in the U.S. in the early 1990s (Craig et al., 1993).
While tuna fishing and canning are major industries, many native Samoans
practice subsistence farming and fishing. Significantly, subsistence fisheries play
an important role in Samoan culture, and make important indirect economic

contributions to households, given the generally low levels of wage-income by

10
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islanders (Craig et al., 1993; Green, 1997). The population of American Samoa
was about 68,000 in 2002, with the majority living on the main island of Tutuila.
American Samoa’s growth rate is among the highest in the world (2.1% per year,
Craig, 2002), and during then 1990s alone, the population increased by 22%
(Craig, 2002). This rapid population growth has raised significant concerns about
overfishing the resources of American Samoa’s main island of Tutuila (Craig et
al., 1999; Craig, 2002; Green, 2002). Indeed, the shore-based catches on Tutuila
appear to have been in decline since at least the 1970s (Ponwith, 1991; Craig et al.,
1993).

The American Samoan coral reef fishery has two components, a shore-based
subsistence fishery and a boat-based artisanal fishery (Green, 1997), but a clear
separation between commercial and non-commercial aspects in each fishery is
difficult, as some fish are sold and others retained for personal consumption (Craig

et al., 1993).

Approach & methods
In line with Craig et al. (1993), one can distinguish four types of domestic
fisheries in American Samoa:

a) A shoreline subsistence fishery;

b) An artisanal, small-boat fishery for bottom-fish;

¢) An artisanal fishery for offshore pelagic species; and

d) A recreational tournament fishery targeting large pelagic species.

Catches for (c¢) and (d) consist of large pelagic species such as tuna (mainly
Thunnus alalunga, T. albacares, T. obesus, and Katsuwonus pelamis), mahi mahi
(Coryphaena hippurus), wahoo (Acanthocybium solandri) and billfishes, and,
together with the larger commercial distant water fleets targeting tuna, were not
considered here. Thus, our focus is on (a) the shoreline subsistence and (b) the

artisanal bottom fisheries.

11



Zeller, Booth & Pauly 2005

Examination of the WPacFIN data (www.pifsc.noaa.gov/wpactin) and associated

information (Aitaoto, 1985; Craig ef al., 1993; Hamm et al., 2003) indicated that
these data primarily pertain to the small boat fleets, providing the best estimates
for catches of the artisanal sector back to the mid-1980s. The shoreline subsistence
fishery, on the other hand, was first examined by Hill (1978) and Wass (1980).
During the first half of the 1990s, an inshore creel survey attempted to estimate
shoreline catches for the main island of Tutuila, but was unfortunately
discontinued (Ponwith, 1991; Craig et al., 1993; Saucerman, 1994, 1996).
Between 1991 and 1995, WPacFIN reported shoreline subsistence fishery catch
estimates based on this survey. However, differences in the estimated catches
between WPacFIN records and original sources (Ponwith, 1991; Craig ef al., 1993;
Saucerman, 1994), combined with uncertainties about the procedure used to derive
the database estimates by scaling up from the creel surveys (D. Hamm, WPacFIN,

pers. comm.) suggested that the original sources were more reliable.

Thus, the procedure employed for reconstructing total catches was:

Artisanal fisheries

1) 1982-2002: The WPacFIN data were taken as artisanal catches (data extracted
on May 26, 2004). We removed the artisanal pelagic catches by species, thus
retaining only bottom-fish and reef-associated species;

2) 1980-1981: We used total catches reported in the American Samoa Statistical
Digest (Anonymous, 1988). In order to account for pelagic catches for 1980-
81, we removed the 1982-84 average percentage for pelagic species as per
WPacFIN data;

3) 1950-1979: We assumed that the artisanal fisheries developed well after WWII
(P. Craig, National Park American Samoa, pers. comm.). Thus, we set artisanal

catches to zero in 1950 and interpolated between 1950 and 1980.

12
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Subsistence fisheries

The shore-based subsistence fisheries were separated into two geographic
components, the main island (Tutuila) and ‘outer islands’ (Ofu, Olosega, T au and
minor islands). This was done for two reasons: (a) the assessments done in the past
(Wass, 1980; Ponwith, 1991; Craig et al., 1993; Saucerman, 1994, 1996) restricted
their sampling to the main island, and (b) the ‘outer islands’ have not experienced
the increasing population (and fishing) pressure of the main island, and are
deemed to be more stable in their near-shore fisheries pattern, and likely more
representative of near-pristine subsistence catches (Green, 2002, P. Craig, National

Park American Samoa, pers. comm.).

The procedure for subsistence catch reconstruction was as follows:
1) Data anchor points:
a. Main island (Tutuila): For the year 2002, we used the estimate by
Coutures (2003), and for 1991 the estimate from Craig et al. (1993)
for the main island. For 1992-1995, we used Saucerman’s (1994;
1996) data and percentage decline of catches relative to 1991. For
1980, we relied on the study by Wass (1980) for main island
catches, while for 1979, we used the per caput catch rate estimated
by Craig et al. (1993), in combination with human population

estimates for the main island (www.census.gov/ipc/). For 1950, we

assumed a per caput catch rate of 36.3 kgperson-year' (80
Ibsperson”-year") based on a slightly lower subsistence catch rate
than that observed for ‘outer islands’ (see below) due to the higher
opportunities for alternative livelihoods available on Tutuila in
1950 (P. Craig, National Park American Samoa, pers. comm.);

b. Quter islands: Recent work done by P. Craig (unpublished data) for
the ‘outer islands’ indicated that a previous catch estimate for these
islands (Craig et al., 1993) was a substantial underestimate. Instead,

an estimate of about 82 t for 2002 was used, derived as part of an

13
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ongoing investigation into subsistence fisheries in American Samoa
(P. Craig unpublished data). This was converted into a per caput
catch rate for the ‘outer islands’ using population statistics, and is
considered a representative subsistence catch rate under minimal
influence of urbanization.

2) Time series interpolation:

a. Main island (Tutuila): For the period 1996-2002, we extrapolated
between the 1995 and 2002 anchor points outlined above;

b. For the period 1981-1990, we used the per caput catch rates for
1979 and 1991 (8.82 and 4.45 kgperson-year', respectively;
Craig et al. 1993), interpolated these between the anchor years, and
extrapolated catches for the population sizes on Tutuila from 1981
to 1990;

c. For 1950-1978, we interpolated the per caput catch rates used as
anchor points for 1950 (P. Craig, National Park American Samoa,
pers. comm.) and 1979 (Craig et al., 1993), and expanded to
catches using human population statistics;

d. Outer islands: We carried the per caput catch rate reported by P.
Craig (unpublished data) back to 1950, and extrapolated catches

using population statistics for these islands.

Species composition

The taxonomic breakdown of artisanal catches as reported by WPacFIN for 1988
to 2002 was retained as presented. As a large proportion (64-91%) of catches for
the earlier period, 1982-1987, was reported as ‘miscellaneous’ groups, we applied
a proportional species breakdown to these groups, as well as to the interpolated
catch estimates for the pre-1982 period. We derived this average proportional
breakdown from the reported WPacFIN data for 1989-1993, to exclude the gear
specific effects on species composition due to the rapid growth of SCUBA-based

14
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spear-fishing between 1994 and 2001, which biased the species breakdowns (P.
Craig, unpublished data).

For the subsistence component, taxonomic compositions were reported by Wass
(1980) and Saucerman (1994), and formed the basis for interpolations. Emphasis
was placed on minimizing the un-informative ‘miscellaneous’ categories (Watson
et al., 2004). Wass (1980) was used for the 1950-1980 time period, and Saucerman
(1994) for 1990 onwards. The data for 1981 to 1989 was interpolated from Wass
(1980) to Saucerman (1994) at the taxon level described by Wass (1980).

Data quality checks

Quality checks were undertaken for all reconstructed catch estimates, notably by
converting estimated catches into catch per surface area of coral reef and into per
caput catch of seafood (excluding pelagics and ignoring imports) using human
population data. American Samoa has approximately 479 km® of coral reefs to a
depth of 50 m, with about 108 km? and about 17 km? associated with the main
island Tutuila and the outer inhabited islands, respectively (A. Graves, National
Park of American Samoa, unpublished data). For human population statistics, we

relied on U.S. Census Bureau data.

Results

Total catch estimates

FAO versus NOAA-WPacFIN data

Examination of official fisheries catch statistics from FAO, with pelagic species
removed but miscellaneous groups retained in full, indicated that prior to the early
1970s, no reliable data were submitted by U.S. authorities to FAO for American
Samoa (Figure 3.1.1a). Until the mid 1990s, FAO reports a maximum of about 150
t-year’, mainly as ‘miscellaneous marine fishes’, which likely contain pelagic
species. The data reported by WPacFIN for non-pelagic species, representing the

regional (NOAA Pacific) and local (American Samoa) official statistics for the

15
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small-boat based artisanal fisheries, match the FAO (non-pelagic) pattern fairly
well, at least for the latter years (Figure 3.1.1a). While this reflects a relatively
well established reporting mechanism from the local to the international level, it
also illustrates that the artisanal catches appear to be the only non-pelagic catches

reported to FAO.

Subsistence fisheries catches

The catch reconstruction for the shore-based, subsistence fisheries documented
two distinct trends (Figure 3.1.1b). The reconstructed catch estimates for the main
island, Tutuila, showed a decline from 1950 to 1990, followed by a dramatic drop
in the early 1990s, before returning to the approximate levels and declining trend
of the pre-1990s. In contrast, catches for the ‘outer islands’ simply reflect the
decrease in human population levels on the islands. The overall picture for
American Samoa, however, is one of dramatically declining levels of total catches
in the non-commercial sector of the fisheries, from an estimated peak of about 750

t in 1950, to the present low of about 100 t in 2002 (Figure 3.1.1b).

Thus, the officially reported landings (NOAA and FAO) underestimate historic
catch levels as reconstructed here by a factor of 15, and fail to demonstrate the
dramatic decline in coral reef fisheries resources experienced by the local

population (Figure 3.1.1c).

Taxonomic accounting

Our reconstruction improved taxonomic accounting from 11 taxa (plus
‘miscellaneous marine fishes’) as reported by FAO, to 144 taxa plus two
miscellaneous groups: ‘marine fishes’ and ‘marine invertebrates’. We also reduced
the proportion of catch reported in the uninformative ‘miscellaneous’ categories
from a time series average of 77.3% (range: 0-100%) in FAO and 25.0% (range: 0-
91.5%) in WPacFIN to 7.2% (range 0.2-10.0%) in the reconstructed time series.

The lack of variability in taxonomic patterns between years for the earlier period

16
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of the reconstructed data (pre-1980) is a reflection of the interpolation using fewer
anchor points (Figure 3.1.2). Nevertheless, some patterns emerge. The catch
estimates are dominated in the earlier years by typical coral reef fishes, such as
serranids, scarids and acanthurids, as well as coastal pelagics such as the
Carangidae (Figure 3.1.2). However, octopus was also important during these
early years. This is likely a reflection of the higher occurrence of reef gleaning in
earlier periods, which often targets invertebrates such as octopus and bivalves. In
contrast, the later years are dominated by small coastal pelagics, especially the big-
eye scad (Selar crumenophthalmus, Carangidae). This pattern thus reflects a
decline in diversity in catches. The decline of invertebrates in the catches is
especially noticeable in the decline in catches of octopus, from an estimated 107 t

in 1950 to 13 t in 2002 (Figure 3.1.2).

Data quality checks

Catch per area of coral reef (to 50 m depth), based on the reconstructed catches for
the whole of American Samoa, ranged from about 1.6 t-km™>-year" at the start of
the time series to 0.3 tkm™>-year” in 2000 (Table 3.1.1). This dramatic decline in
area catch rates is driven by the main island, Tutuila, where rates declined from
5.5 tkm™year" to about 0.6 tkm™>year' between 1950 and 2000 (Table 3.1.1).
Estimated catch rates for the outer islands declined less, from about 9 t-km™>-year™

in 1950 to about 5 tkm™>-year” by 2000 (Table 3.1.1).

The human population of American Samoa has grown rapidly in the last decades.
However, this growth has only occurred on the main island of Tutuila, while the
outer islands have experienced a steady decline in resident population (Table
3.1.1). Taking into account these population changes, the per caput catch rate has
declined substantially on Tutuila, from approximately 36 kg-person-year” to 1
kg-person”year' over the time period considered here. The per caput catch rate

for the ‘outer islands’ has remained constant in our reconstructed data (58.6
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kg-person-year”, Table 3.1.1) due to the nature of our reconstruction in this data-

poor context.

Discussion

The reconstruction of historic catches presented here suggests an 80% decline in
catches for coral reef and reef-associated small pelagic fisheries around American
Samoa between 1950 and 2002. Significant is the large discrepancy (15-fold
difference) between the reconstructed scenario and official statistics (FAQO), based
on national reporting. Given the historic focus of most national, as well as FAO
databases, on reporting commercial landing statistics for economic development
purposes, it is not surprising that the official statistics for American Samoa reflect
only the (predominantly commercial) small-boat artisanal bottom fish catches
reported through WPacFIN (as well as the large pelagic species, excluded here).
Nevertheless, national and FAO statistics, increasingly used as indicators of global
fisheries conditions and trends, clearly - if inadvertently - mis-represent the true

nature of fisheries catches for American Samoa over the last 50 years.

In contrast, while known to be important (Craig et al., 1993; Dalzell et al., 1996),
the historically large shore-based subsistence catch is not estimated. This is a
typical example of ‘no data’ being eventually transformed into ‘zero catches’
(Pauly, 1998). The official statistics are dominated by the commercial fisheries
(especially the large pelagic fisheries not considered here) and the small boat-
based artisanal fisheries. While this commercial component clearly makes a direct
economic contribution to American Samoa, subsistence fisheries play a significant
role in local culture, and make important indirect economic contributions to

households (Craig et al., 1993; Green, 1997).
The shore-based catches on the main island Tutuila appear to have been in decline

at least since the 1970s (Ponwith, 1991; Craig et al., 1993). The 80% decline in

overall coral reef catches since the 1950s, as reported here thus supports the
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argument of substantial overfishing (Craig and Green, 2004). In the past, Pacific
islanders have relied heavily on coral reef resources, often as their primary source
of protein (Dalzell et al., 1996). While economic and social changes over the last
50-100 years have resulted in islanders’ diet becoming more variable, coral reef
resources remain a major element in food security (Dalzell et al., 1996). The
apparent increases in reef fish imports from Samoa (formerly Western Samoa) also
indicate that catches from American Samoa cannot meet the demand (Craig et al.,
1993). Furthermore, the small size of fish in catches and surveys (Craig et al.,
1993; Green, 1997) supports serious concerns about overfishing. Interestingly, the
annual per caput catch, as estimated here for the main island Tutuila, has declined
from 36.3 kg-person-year" to 1.1 kg-person-year' between 1950 and 2000. In
contrast, Samoa has a per caput fish consumption of at least 32 kg-person”'-year™
(Spalding et al., 2001). Given the proximity and historic cultural affinity between
the two Samoas, one could assume that American Samoa would have a similar or
slightly lower consumption pattern (due to increased westernization), hence the
high and growing rates of imports of reef fishes into Tutuila (Craig et al., 1993). In
contrast, per caput catch for the ‘outer islands’ was recently estimated at about 58
kg-person-year' (P. Craig, National Park American Samoa, unpublished data).
This compares favorably with estimates of 61 kg-person-year” as the average per
caput catch in the Polynesian islands in the mid 1990s (Dalzell et al., 1996). Thus,
while coral reef catches are thought to be sustainable on the ‘outer islands’, the
available evidence points strongly towards substantial overfishing of the coastal

resources of Tutuila over the last 50 years.

The dramatic decline in catches observed in the early 1990s on Tutuila coincided
with several hurricanes which caused considerable damage to coral reefs (Craig,
2002; Green, 2002; Craig and Green, 2004). The local ecosystems, particularly the
fish communities, would have been stressed prior to the hurricanes due to

overfishing, as illustrated by the declines in reconstructed catches prior to 1990.
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Thus, the effects of hurricanes were likely only an additional, albeit severe,

stressor for an already overfished ecosystem.

Dalzell and Adams (1997) presented catch rates for the main island of Tutuila of
7.04 tkm?year' and 17.03 tkm?-year' for the mid 1990s and early 1980s,
respectively. These estimates are much higher than those calculated for Tutuila
from our reconstructed data (0.6-5.5 t~km'2-year'1), and the reasons for this aren’t
clear. Similarly, our estimated catch rates for ‘outer islands’ (4.9-9.4 tkm™>year),
while being higher than for Tutuila, are at the lower end of the estimates presented
by Dalzell and Adams (1997), and are due to the low population density on the
‘other islands’. Thus, the present reconstruction and its extrapolation are likely a

very conservative estimation of historic catches.
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Table 3.1.1: Data quality check for reconstructed coral reef fisheries catches for
American Samoa. Estimated catches are presented as catch per surface area of
coral reefs to a depth of 50 m, and as per caput catch of reef and reef-associated
species, for American Samoa in total, and for the ‘main’ and ‘outer’ islands

separately.
Estimated . a b
Year catch Catch/area Population Per caput catch
() (t-km'z-year'l) (kg-person ' -year™)
American Samoa (479 km®)°
1950 752 1.57 19,100 39.4
1960 636 1.33 20,000 31.8
1970 587 1.23 27,267 21.5
1980 409 0.85 32,418 12.6
1990 328 0.68 47,199 7.0
2000 142 0.30 57,301 2.5
Main island (Tutuila; 108.2 km?)°
1950 598 5.53 16,468 36.3
1960 478 4.42 17,305 27.6
1970 464 4.29 25,155 18.4
1980 307 2.84 30,686 10.0
1990 228 2.11 45,485 5.0
2000 60 0.55 55,886 1.1
Outer islands (Ofu, Olosega, T’au; 16.9 km®)°
1950 154 9.11 2,632 58.6
1960 158 9.35 2,695 58.6
1970 124 7.34 2,112 58.6
1980 101 5.98 1,732 58.6
1990 100 5.92 1,714 58.6
2000 83 491 1,415 58.6

?U.S. Census Bureau, www.census.gov/ipc/www/idbprint.html, accessed August 2004;
b excluding pelagic species, and ignoring imports; © A. Graves (National Park of American
Samoa, unpubl. data)
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Figure 3.1.1 (see next page): Catch time series for non-pelagic fisheries in
American Samoa, with (a) Official catch time series for non-pelagic species from
two sources: FAO (FISHSTAT 2001 data) and NOAA WPacFIN (representing
artisanal, small-boat fisheries). Note that until 1994, FAO reported only two
categories (‘miscellaneous marine fishes’ and ‘spiny lobster’), and therefore the
‘miscellaneous’ category likely contains pelagic species, explaining the
discrepancy in catches between the two sources, especially for the 1970s and early
1980s; (b) Reconstructed catches of the shore-based, subsistence fisheries of
American Samoa as estimated by the present study. Catches were estimated
separately for the main island Tutuila, and the outer islands (Ofu, Olosega, T au
and minor islands). The time periods of major hurricanes in the last 20 years is
indicated. Note that coral reef associated, near-shore small pelagic species such as
Carangidae (specifically the big-eye scad, Selar crumenophthalmus) are included
in the present estimates; and (c) Total reconstructed coral reef fisheries catches for
American Samoa (small-boat, artisanal and shore-based, subsistence fisheries
combined) versus the official globally reported statistics as per FAO. Both the
substantial under-representation of total catches as well as the missed distinct
decline in catches is evident when considering only the global statistics.
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Figure 3.1.2: Taxonomic breakdown of reconstructed catches for coral reef and reef-associated small pelagic fisheries for
American Samoa. For clarity in the present figure we reduced the taxonomic breakdown from 144 taxa plus two miscellaneous
groups to seven groups plus two miscellaneous groups (other fishes: 44 taxa, other invertebrates: 15 taxa).
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4. Conclusions

The catch reconstruction for the U.S. associated islands of the Western Pacific

undertaken here provides for several main conclusions with regards to coral reef,

bottom- and reef-associated pelagic species:

1))

2)

3)

4)

The reconstruction of historic catches for all islands combined indicated a
substantial decline of about 72 % between 1950 and 2002 (Figure 4.1). This
pattern contrasted distinctly with that observed from the officially reported data
alone, which suggested a marginal increase in catches of about 19% (Figure 4.1);
The officially reported data under-represented by a factor of about 5 the likely
total catches based on the reconstructions (Figure 4.1). This implies a substantial
- if inadvertent - mis-representation of the status of local marine resources and
fisheries;

Consequently, in conjunction with the generally increasing population base on
these islands, and a general tendency for centralization of population density on
one or more main islands, the per caput catch rates have declined (Table 4.1).
This also reflects in part the increasing westernization of dietary habits, with the
resultant health problems (WHO, 2003); and

The catch rates per surface area of coral reefs have declined on all islands
entities, in some cases substantially (e.g., Guam, Table 4.2). However, the rates
estimated using our reconstruction are well within published ranges of
production for Pacific Islands (e.g., Dalzell, 1996; Dalzell et al., 1996; Dalzell
and Adams, 1997), though generally at the lower end, confirming the
conservative nature of our approach. Nevertheless, with respect to the centralized
population pressures, exploitation levels on coral reefs close to population
centers (in the case of Hawaii most of the islands in the MHI) are very high (e.g.,

Green, 1997), and have exceeded their sustainable levels.
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With regards to our use of and comparison to official data (mainly based on FAO
statistics), we acknowledge that FAO FishStat was originally designed as an economic
development tool, thus explaining its focus on commercial landings. Nevertheless, these
data are being used extensively to present global fisheries conditions and resources
status and trends. Thus, the likely mis-representation as illustrated here can lead directly
to erroneous interpretation of the status of resource within the U.S. associated islands,
and likely the Pacific in general. While local and regional agencies are aware of the
official data being incomplete, the full scale of the potential mis-representation is made
evident through our reconstruction. In the long term it would serve the responsible
authorities well to utilize the historic catch estimates as presented here as basis for
assessments of fisheries and ecosystem status and conditions, i.e., as baselines of historic

patterns, forgone benefits and indicators of past productivity, largely lost at present.

The approach used here, relying on anchor points of data obtained from published and
unpublished literature, localized case studies or indirect indicators (e.g., historic
consumption rates), and extrapolated using human population data, resulted in catch
estimates that do not correspond with official reported values. We acknowledge that our
estimates clearly are not ‘accurate’ in the sense of being close to ‘true’ time-series
values, which are obviously not known. However, of fundamental importance is the
realization that the present estimates are less ‘wrong’ than the currently officially
reported figures. We have shown clearly that ignoring the catches of non-commercial
sectors of fisheries in the U.S. associated islands of the Western Pacific results in a
fundamentally skewed picture of the historic use of coral reef resources in these islands.
This project also clearly demonstrated the importance of the observation that ‘no data’

does not mean ‘zero catches’ (Pauly, 1998).

Local and regional management agencies need to recognize the substantial decline in
coastal and coral reef resources, both as represented here in terms of catch volume, as
well as with regards to the problem of removal of large keystone species, such as large

parrot-fishes that play a fundamental role in coral reef ecosystem functioning and
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structural maintenance (Bellwood et al., 2003). Given poor taxonomic accounting

particularly for the critical early periods, we are not in a position to assess these

taxonomic shifts in detail. Accepting such different estimates of past catches sheds new

light on directions of fisheries sustainability issues and conservation concerns. Clearly,

considerations of conservation and use of near-shore coral reefs, especially around the

main inhabited islands, are no longer about ‘sustainability’, but rather about rebuilding

depleted ecosystem (Pitcher, 2001; Pikitch et al., 2004).

Table 4.1: Per caput catch rates (kg-person” -year).

Year American Samoa Guam CNMI Hawaii
1950 394 26.6 72.6 11.3
1960 31.8 19.9 53.9 8.1
1970 21.5 10.0 37.9 6.8
1980 12.6 4.1 20.5 5.1
1990 7.0 1.9 7.6 3.9
2000 2.5 1.4 3.5 2.3

Table 4.2: Catch rates per surface area of coral reefs (tkm™?) for the main U.S.
associated Western Pacific Islands.

. Hawaii
Year American Samoa Guam CNMI ML MHI + NWHI
1950 1.57 23.10 15.84 2.13 0.40
1960 1.33 19.36 16.58 2.04 0.37
1970 1.23 12.34 16.27 2.07 0.37
1980 0.85 6.22 12.00 1.93 0.35
1990 0.68 3.70 11.61 1.59 0.31
2000 0.31 3.23 8.56 1.01 0.20
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Figure 4.1: Total reconstructed catches of coral reef-, bottom- and reef-associated
pelagic-fisheries for all U.S. associated islands of the Western Pacific combined, versus
the officially reported statistics based on national reporting to FAO. Both the substantial
under-representation of likely total catches, as well as the missed distinct decline in
catches is evident when considering only the officially reported data.
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