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A b s t r a c t — N earsh o re  f ish e rie s  in  
th e  tro p ica l Pacific  p lay  an  im p o r
ta n t  role, b o th  c u ltu ra lly  and  as a 
re liab le  source of food security , bu t 
often  rem ain  und er-rep o rted  in  s ta 
tis tic s , lead ing  to u n d erv a lu a tio n  of 
th e ir  im portance to com m unities. We 
re -e s tim a ted  nonpelagic catches for 
G uam  and  th e  Com m onw ealth of the 
N o rth e rn  M aria n a  Is lan d s (CNM I), 
an d  su m m arize  p rev ious w ork for 
A m erican Sam oa for 1950-2002. For 
all islands combined, catches declined 
by 77%, co n tras tin g  w ith  increasing  
trends indicated by reported  data. For 
ind iv idual is lan d  en tities, re-estim a- 
tion  suggested  declines of 86%, 54%, 
and 79% for Guam, CNMI, and A m eri
can  Sam oa, respectively. E xcept for 
Guam, reported  da ta  p rim arily  rep re
sented comm ercial catches, and hence 
u n d e r-rep re sen ted  co n tribu tions by 
subsistence and recreational fisheries. 
Guam ’s consistent use of creel surveys 
for da ta  collection resu lted  in  the most 
reliable reported  catches for any of the 
islands considered. O ur re-estim ation 
m akes th e  scale of under-reporting  of 
to ta l  ca tches eviden t, and  provides 
valuab le  base lines of likely  h is to ric  
p a tte rn s  in  fisheries catches.
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Sm all-scale nearshore fisheries in  the 
trop ica l Pacific are  of fu n d am en ta l 
im portance for subsistence, social and 
cu ltu ra l purposes, in  addition to pro
v id ing  food, trad e , and  recrea tiona l 
resources (e.g., Dalzell et ah, 1996). 
These fisheries commonly play a v ital 
role in  providing a secure supply of 
protein  on m any Pacific Islands. Yet, 
ca tches for th e  sm all-sca le  f is h e r 
ies in  these islands are typically not 
e s tim a ted  by the  fisheries agencies. 
T his lack of da ta  on estim ated  catch 
app lies esp ec ia lly  to th e  non-com 
m ercial sectors (e.g., subsistence and 
recreationa l) and  is genera lly  ju s t i 
fied by rea l or perceived difficulties 
and costs associated w ith quantifica
tion of these very spatia lly  dispersed 
fisheries. Hence, extractions of these 
m arine resources are usually  un d er
estim ated  in  official sta tistics, as are 
th e ir  economic and social im portance 
(Zeller et ah, 2006b).

An approach to re troactively  e s ti
m ate catches in  cases where reliable 
tim e series da ta  are lacking applies a 
“re-estim ation” approach to approxi
m ate historic catch tim e series (Zeller 
et al., 2006a). Such an  approach typ i
cally re q u ire s  subjective in ferences 
and in terpolations. This approach is 
justified , despite d a ta  un certa in ties ,

given the less acceptable a lternative  
outcome, nam ely th a t subsequent u s 
ers of the  available d a ta  w ill in te r 
p re t nonreported  or m issing  da ta  as 
zero catches.

W ithout accounting for to ta l catch
es from all sectors, it  is  not possible 
to o b ta in  any com prehensive m ea 
sure  of the  form al and  in form al eco
nom ic va lu e  of th e se  re so u rces , or 
of th e  r is k s  excessive f ish in g  m ay 
re p re se n t to an  is la n d  en tity . The 
lack  of th e s e  tw o m e a s u re s  is  of 
concern, given th a t  h u m an  po p u la
tio n  g ro w th  ra te s  in  m any  Pacific  
is lan d  coun tries are  h igh  and  n a tu 
ra l  re so u rc e s  in  th e se  is la n d s  a re  
lim ited . F u rth e rm o re , th e  grow ing 
s h if t  from  p re d o m in a n tly  s u b s is 
tence to m arket-based  cash-oriented 
economies, as well as in c reasin g  de
velopm ent since W orld W ar II, h as  
c o n tr ib u te d  to  d ec lin es  in  c o a s ta l 
m a rin e  re so u rc e s . A lth o u g h  lo ca l
ized overfish ing  m ay be responsible 
for some of these  observed declines, 
anthropogenic factors such as coast
al developm ent, pollution, and  poor 
w a te rsh ed  m anagem en t have likely 
also con trib u ted  to the  deg radation  
and reduction  of coastal h a b ita t and 
in  th e  p ro d u c tiv ity  of th e  resource  
(F ried lan d e r and  D eM artin i, 2002).
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Figure 1
Location and  Exclusive Economic Zones (a reas outlined) of th e  m ajor U.S. flag -associated  
is land  a re a s  in  th e  w este rn  Pacific covered in th is  study: G uam , C om m onw ealth of the  
N orthern  M ariana  Islands (CNMI), and A m erican Samoa. The Pacific Remote Island  A reas 
(m inor is lands) also u n d er U.S. flag  ju r isd ic tio n  a re  excluded from  p resen t consideration  
(Zeller e t a l .3). Map courtesy  of A. K itch ingm an  and  C. H. Close, Sea A round  Us P roject, 
F ish eries  C entre , U n iversity  of B ritish  Colum bia.

T his is p a r tic u la r ly  tru e  close to h u m an  population  
cen ters on m ain  islands, w hereas th e  s ta tu s  of stocks 
in  more rem ote a rea s  is genera lly  be tte r. Obviously, 
places th a t  have not experienced  w idesp read  devel
opm ent m ay s till suffer stock declines because over
fish in g  alone can  deplete fish e ry  resou rces on coral 
reefs.

The U.S. N ational Oceanic and A tm ospheric A dm in
is tra tio n  N ational M arine  F ish eries  Service (NOAA- 
NM FS), th ro u g h  its W estern  Pacific F ish ery  In fo rm a
tion  N etw ork (W P acF IN 1), provides d a ta  collection, 
assim ila tio n , and  tech n ica l rep o rtin g  support to U.S. 
f lag -a sso c ia ted  is la n d  a re a s  in  th e  P acific  (Fig. 1). 
The coverage of th is  e lec tro n ic  in fo rm a tio n  source 
only dates back to the  early  1980s and differs betw een 
islands. T here is near-com plete coverage for some a r 
eas, such as G uam , and very lim ited  coverage for o th 
ers, such as C om m onw ealth of th e  N o rth e rn  M arian a  
Is lands (CNM I). For th e  U.S. w este rn  Pacific region, 
th is  cen tra lized  d a ta  depository  is largely  th e  re su lt 
of th e  developm ent of W PacFIN  program s in  each of

1 W estern  Pacific F ishery  In form ation  N etw ork (W PacFIN ). 
N OA A-N ational M arine F ish eries  Service, Pacific Is lands 
F isheries Science Center, 2570 Dole S treet, Honolulu, 96822- 
2396. Website: http://www.pifsc.noaa.gov/wpacfin (accessed
1 Novem ber 2005).

th e  is lan d  a re a s  in  th e  early  1980s. All th e  is lan d s 
considered here have few leg isla tive req u irem en ts  for 
reporting  of catches; however, some, such as A m erican 
Sam oa, have in s ti tu te d  legal m an d a tes  th a t  req u ire  
th e  num ber of fish  sold be rep o rted . G enerally , th e  
focus of re p o rte d  d a ta  h a s  been  p r im a r ily  on com 
m ercial h a rv e s ts  (e.g., th e  sm all-boat based fisheries 
of A m erican  Sam oa) and  have not covered o ther sec
to rs , such as th e  shore-based fisheries (Zeller et al., 
2006a).

However, m any sm all-scale studies have been un d er
ta k e n  to assess th ese  m issing  sectors, rep o rtin g  local 
catches or catch ra te s  for specific periods, locations, or 
gear types (e.g., C raig  et al., 1997). Such d a ta  sources 
can  form  th e  foundation  for d e riv ing  catches, catch  
ra te s  per u n it of area , or per capita catch ra te s  during  
a given tim e in te rv a l for th ese  sectors of th e  fishery. 
T hese tim e-po in t e s tim a tes  provide anchor po in ts of 
concrete d a ta  upon w hich to ta l catch  e s tim a te s  can 
be b ased . O nce a ll such  d a ta  have  been  e x tra c te d  
from  th e ir  d isp a ra te  sources, in te rp o la tio n s  can  be 
employed to fill in  th e  periods for w hich q u an tita tiv e  
d ata  are  m issing. Thus, the  key aspect of the approach 
u sed  h e re  is psycho log ical, an d  m a n a g e rs  have  to 
overcome th e  notion th a t  no in fo rm ation  is available, 
w hich is not only an  incorrec t assum ption  w hen deal
ing  w ith  f ish e rie s  b u t a profoundly  m is lead in g  one

http://www.pifsc.noaa.gov/wpacfin
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(P auly2). Here, we rep o rt on work u n d e rta k e n  for the 
U.S. W estern  Pacific R egional F ish e ry  M anagem ent 
Council to account for u n rep o rted  catches (Zeller et 
a l.3).

Island areas

Guam G uam  (13°28'N, 144°45'E) is the  southernm ost 
island  in  the M ariana  Archipelago (Fig. 1), and has a 
potential coral reef ecosystem hab ita t a rea to 100 fathom 
(183 m) depth, w ithin an  Exclusive Economic Zone (EEZ), 
of approxim ately 276 km 2 (including offshore banks). Of 
th is  area , 202.8 km 2 are  associated w ith the island  of 
G uam  directly (Rohm ann et ah, 2005). G uam ’s coral reef 
fisheries are both economically and culturally  im portan t 
and have been historically  significant in  the diet of the 
hum an population (Hensley and Sherwood, 1993). L im i
ta tions were placed on the indigenous population w ith 
regards to any large-scale fisheries development during 
the Japanese  occupation period (Sm ith4). These lim ita 
tions, to g e th er w ith  the  d estru c tio n  of th e  Jap an ese  
fishing in fra s tru c tu re  a t the  end of W W II, resu lted  in  a 
heavy reliance on subsistence fisheries in  Guam  into the 
la te  1940s. The near-shore coral reefs around G uam  are 
considered heavily fished and degraded, and concerns 
about overfishing were ra ised  as early as 1970 (Hensley 
and Sherwood, 1993). Most of the less accessible offshore 
banks, however, appear to be in  b e tte r condition.

G uam ’s dom estic fisheries can  be divided in to  two 
sectors (ignoring tu n a  transsh ipm ent and d is tan t w ater 
fleet catches of large pelagios): sm all boat-based fisher
ies (M yers, 1993) and  shore-based fisheries (H ensley 
and Sherwood, 1993). Because there  are few full-tim e 
commercial fishermen, there is little  distinction between 
commercial, subsistence, and  recreational fishing, and 
m any fishing trip s  contribute to all th ree  segm ents. In 
the past, tida l fish-weirs were used in  Guam , although 
th e ir  num bers declined over the decades, and the use 
of weirs ceased in  1989.

C atch da ta  for both fisheries sectors have been e s ti
m ated  by the  G uam  Division of A quatic and W ildlife 
Resources (DAWR) since the mid-1960s th rough the use 
of two separate  creel surveys: a m arina-based boat-cen
tered  creel survey (offshore survey), and a shore-based 
creel survey (inshore survey). The reporting of fish weir 
catches was m andated as p a rt of weir-operating perm its 
bu t the  da ta  were likely incomplete. Various expansion

2 Pauly, D. 1998. R ationale  for reco n s tru c tin g  catch  tim e 
series. EC F ish eries  C ooperation B u lle tin  11:4-10.

3 Zeller, D., S. Booth, and  D. Pauly. 2005. R econstruction of 
coral reef- and  bo ttom -fisheries catches for U.S. flag  is lan d  
a reas  in  th e  W estern  Pacific, 1950 to  2002. W estern  Pacific 
Regional F ishery  M anagem ent Council, 1164 Bishop St., Suite 
1400, Honolulu, HI 96813. W ebsite: http://w w w .w pcouncil. 
o rg /bo ttom fish .h tm  (accessed 17 O ctober 2006).

4 Sm ith , R. O. 1947. Survey of th e  fisheries of th e  form er 
Jap an ese  m an d ated  is lands. F ish ery  L eafle t 273, U.S. F ish  
an d  W ildlife S erv ice, D e p a rtm e n t of th e  In te r io r , 1849 
C S tree t, NW, W ashington , DC 20240, 105 p.

methods have been applied in  the past to raise the creel 
survey d a ta  to island-w ide catch estim ates, bu t these 
have been standard ized  since the mid-1980s in  collabo
ration w ith W PacFIN. However, specifics of the method 
and thoroughness of a survey, of da ta  handling, and  of 
analyses have varied  during  the earlier periods. Since 
the early 1980s, these survey da ta  have been reported  
th ro u g h  W PacFIN , and  a re  th e  m ost com prehensive 
series of catch estim ates used in  the presen t study.

Commonwea l th  of the  Northern Mariana Islands (CNMI)
The Com m onwealth of the  N orthern  M arian a  Islands 
(CNMI, Fig. 1) consists of a 680 km  chain of 14 volca
nic is lands, ex tend ing  n o rth w ard  from R ota (14°9'N, 
145°12'E) to Farallón  De Pajaros (20°32'N, 144°54'E). 
Over 99% of the  hum an  population (69,000 in  2000) 
is concentrated on the th ree  southern  m ain  islands of 
Saipan, T inian , and Rota. The population has increased 
rapidly since the 1980s, driven by fewer restric tions on 
im m igration and by the prosperity  from the m ain in d u s
tr ie s—tourism  and  garm ent m anufacturing .

CNMI are a group of islands w ith fringing reefs (su r
rounding  m ost islands) and  offshore coral ree f banks 
and ridges. The conditions of local reefs vary ; heavy 
fishing pressure is considered a problem for the su s ta in 
ability of the reefs on the m ain islands, particu larly  the 
is lan d  of Saipan , because of its  large population and  
more extensive coastal development.

Following WWII and the expulsion of the active Ja p a 
nese fisheries, subsistence fisheries again dom inated the 
catch. Because of the loss of most Japanese fishing ves
sels, and decades of Japanese restrictions on indigenous 
fish ing  outside local reefs, early  subsistence  catches 
were focused on near-shore and lagoon-based resources. 
Subsistence fishing for near-shore resources was an  im 
p o rtan t daily activity  for the local population well into 
the 1970s, w hereas com m ercial and recreational fleet 
developments did not s ta r t  un til the  1960s, and  w est
ernized economic development did not accelerate un til 
the  1970s and  1980s. The local economic boom s ta r t 
ing in  the la te  1980s, driven by tourism  and garm ent 
m anufacturing , did not re su lt in  significant grow th of 
the  commercial fisheries sector. Thus, the local fishing 
ind u stry  supplied only a sm all p a r t of the to ta l seafood 
dem and in  the 1990s, and im ports accounted for a grow
ing p a r t  of the  supply. G row th in  recreational fisher
ies came in stead  w ith  increased  w esternization of the 
economy which, combined w ith  increased  availab ility  
of boats, b lu rred  the boundaries betw een subsistence 
and recreational fishing. Thus, each fishing trip  today 
m ay have commercial and  subsistence, as well as rec
reational aspects.

The Division of F ish  and  W ildlife (DFW) for CNMI 
conducted a data collection system for commercial catch
es since the mid-1970s but reported data  have only been 
available since the early 1980s th rough W PacFIN. The 
estim a ted  com m ercial lan d in g s in  S a ip an  are  based  
on a vo lun tary  dealer purchase receipt collection sys
tem  and  are ad justed  by W PacFIN  for the rem ainder 
of CNMI. The noncom m ercial sector (subsistence and

http://www.wpcouncil
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recreational fishing) has been subject to lim ited  m oni
toring  since 1984 and day-time creel surveys have been 
undertaken  for the Saipan lagoon only. However, these 
d a ta  have not been analyzed or expanded for es tim a
tion  of CNM I-wide noncom m ercial catches and  were 
not available to us.

American Samoa Am erican Samoa is the only U.S. te r 
rito ry  south of the  equator (14°20'S, 170°W, Fig. 1), and 
its  sm all-scale fisheries consist of shore-based and boat- 
based sectors (Zeller et ah, 2006a). A clear separation  
between commercial and noncommercial aspects in  each 
fishery is difficult because fish from either sector can be 
sold or re ta in ed  for personal consum ption (Craig et ah, 
1993). The ex isting  catch d a ta  on the  p redom inantly  
commercial boat-based sector by the A m erican Samoa 
D epartm ent of M arine and W ildlife Resources (DMWR) 
has been rep o rted  th ro u g h  W PacFIN  since the  early  
1980s. The noncommercial sector, especially as re la ting  
to shore-based fisheries, is not m onitored and  catches 
are not reported  on a reg u la r basis. However, a sh o rt
lived DMWR survey of shore-based fisheries, as well as 
other local studies, was conducted sporadically on th is  
sector between 1980 and 2002. Recently, to tal nonpelagic 
fisheries catches for both sectors were re-estim ated  back 
to 1950 by Zeller et al. (2006a), and these findings will 
be relied upon in  the presen t study.

Aims

The purpose of our study  w as to assem ble available 
in fo rm atio n  an d  d a ta  on catches of th e  sm all-scale , 
near-shore fisheries for nonpelagic species of the major 
U.S. flag-associated island  a reas  in  the  w estern  Pacific 
for 1950-2002, nam ely Guam, the Commonwealth of the 
N orthern  M arian a  Islands (CNMI), and, in  sum m ary  
form, for the previously estim ated  catches for A m eri
can Sam oa (Zeller e t ah, 2006a). A lthough A m erican 
Sam oa’s catches were published separately  (Zeller et ah, 
2006a), they are  sum m arized  in  the  p resen t study for 
com pleteness. The U.S. S ta te  of Hawaii was excluded 
from present considerations because the economic, social 
and  noncom m ercial fishery  conditions and  d a ta  d if
fered  su b s ta n tia lly  from  those  of th e  o ther is lan d s , 
an d  re q u ire d  a d iffe ren t m ethod  for re c o n s tru c tin g  
the data . Also excluded was the inform ation available 
for th e  lim ited  (p redom inan tly  rec rea tio n a l) catches 
tak en  on the  Pacific Rem ote Island  A reas (PRIA s or 
m inor islands) rep o rted  on elsew here (Zeller et a l.3). 
The aim  was to derive estim ates of likely to ta l removal 
of m arin e  re so u rces  for th e  1950-2002  period . The 
p re se n t re -e s tim a tio n  excludes pelag ic  species (i.e., 
tu n a s  and billfishes) th a t  are  the ta rg e t of large-scale 
fisheries, even if  these species are  also caught by small- 
scale, local sectors. Sm all-scale fisheries in  our study 
ta rg e ted  both deeper w ater species (such as lu tjan ids, 
le th r in id s , an d  se rra n id s ) , as well as co asta l, reef- 
assoc ia ted  sm all pelagic species (such as carang ids, 
including the cu ltu ra lly  im p o rtan t big-eye scad [Selar  
crum enophthalm us]).

Materials and methods

The catch re-estim ation  approach u tilized  here consists 
of six general steps based on work done for the W estern 
Pacific Regional F ishery  M anagem ent Council (Zeller et 
a l.3) and  Zeller et al. (2006a):

1 Identification of existing reported  catch tim es series, 
e.g., local reports, and data  presented by the W estern 
Pacific F ishery  Inform ation Network (W PacFIN 1) on 
b eha lf of local agencies;

2 Identification of sectors, tim e periods, species, gears, 
etc. not covered by (1), i.e., m issing catch data , via 
lite ra tu re  searches and consultations;

3 Search for available a lternative  inform ation sources 
to supply the  m issin g  catch  d a ta  in  (2), th ro u g h  
extensive lite ra tu re  searches and consultations w ith 
local experts;

4 Development of da ta  anchor points in  tim e for m iss
in g  d a ta  item s, and  th e ir  expansion to island- or 
country-wide catch estim ates;

5 In terpolation  for tim e periods betw een da ta  anchor 
points for to ta l catch, generally w ith per capita catch 
ra te s; and

6 E stim ation of final to ta l catch tim es series estim ates 
for to ta l catch, combining reported  catches (1) and 
interpolated, island-expanded m issing data  series (5).

Is lan d  a rea s  d iffered in  te rm s of fisheries sectors, 
th e ir  coverage of rep o rted  d a ta , and  availab le  a l te r 
na tiv e  in fo rm atio n . D e ta ils  of ava ilab le  a lte rn a tiv e  
inform ation sources for each islan d  a rea , all reference 
m a te ria l for d a ta  sources used  (non-refereed publica
tions), an d  th e  specifics of d a ta  an ch o r p o in t e s t i 
m ation can be found in  a repo rt to the  U.S. W estern 
Pacific Regional F ishery  M anagem ent Council (Zeller 
et a l.3).

Guam

Catches for both boat- and  shore-based fisheries sectors 
have been e s tim a ted  by DAWR since th e  m id-1960s 
th rough  the use of two creel surveys (offshore survey 
and inshore survey). In the more recent years, DAWR 
applied expansion m ethods to ex trapolate island-w ide 
catch estim ates from creel survey data . The fish weir 
catch estim ates were likely incomplete.

B ecause dom estic fisheries in  G uam  are  genera lly  
p a r t  com m ercial, p a r t  su b s is ten ce , and  p a r t  re c re 
ational, the re-estim ation  approach tak en  was not by 
d ifferen tia tion  of the com m ercial and  noncom m ercial 
sectors, but ra th e r by following the creel-survey distinc
tion betw een boat-based  (offshore survey) and  shore- 
based (inshore survey) estim ations of catches (Table 1). 
Given our focus on nonpelagic fisheries, we excluded 
the tro lling  section for large pelagic species from the 
offshore catch reports and  re ta in ed  bottom -fishing and 
boat-based spear-fish ing catches. C om parisons of sup 
ply and  dem and, w ith  th e  use of rep o rted  catch (in 
cluding pelagic taxa), as well as estim ates of im ported
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seafood and  domestic seafood consum ption ra te s , were 
u ndertaken  to estim ate potentially  unreported  catches, 
as well as to estim ate to ta l likely catch for the 1950-64 
period  for w hich no o ther rep o rted  in fo rm ation  was 
available (see “Supply versus dem and” heading below, 
Table 2).

Offshore boat -based  catches
1965 - 8 2 : The offshore catch estim ates for th is  tim e 

period, which pre-dates W PacFIN reporting, were drawn 
from the creel survey data  as reported in  DAWR annual

reports. Procedures for expanding survey data to island- 
wide catches, as lis ted  or applied by the various data  
sources, were generally  accepted. For example, reports 
from  ea rlie r  y ea rs  in d ica ted  u n d e r-rep o rtin g  due to 
sam pling design lim ita tions of the  creel surveys by a 
m inim um  factor of two, and  we ad justed  the reported  
catch estim ates correspondingly for these years (Zeller 
et a l.3).

1983 - 2 0 0 2 :  We relied  on the island-w ide expanded 
catch estim ates as provided by W PacFIN, based on off
shore creel surveys u n dertaken  by DAWR. These data

Table 1
D ata sources, available tim e series data, and data  anchor points for catch re-estim ation for Guam. DAWR: Division of Aquatic 
and Wildlife Resources; W PacFIN: W estern Pacific F ishery Inform ation Network. X=yes.

Sector Year(s) Source
Official data  

(reported)
M issing data  
(unreported) Catch (t)

Offshore, boat-based 1965-82 G uam  DAWR offshore creel survey reports X 1-36
Offshore, boat-based 1983-2002 W PacFIN, DAWR X 43-65
Inshore, shore-based 1965-81 G uam  DAWR inshore creel survey reports X 145-102
Inshore, shore-based 1982-84 Hensley and Sherwood (1993) X 92-141
Inshore, shore-based 1985-2002 W PacFIN, DAWR X 179-63
Offshore and inshore 1950 R eported consumption ra te 2 X 957

2 A djusted for im ports and  consum ption of pelagic species.

Table 2
D ata sources and data  anchor points for im port and consumption estim ation, forming p a rt of the supply (reported catch and 
estim ated  im ports) and dem and (consumption estim ates) approach used for catch re-estim ation for Guam.

A nnual
Supply or per capita Guam
dem and Item Year(s) Source Comments ra te  (kg) to ta l (kg)

Supply Im port 1950 Assum ption H alf of adjusted 
1980 ra te 2 10.6 636,850

Supply Im port 1980 Im port rate 17.7 kg/person/year, 
adjusted for cooler- 
shipped fish by 20% 21.2 2,250,204

Supply Im port 1999 Dept, of Commerce 19.5 2,962,380
Supply Im port 2000 Dept, of Commerce 20.5 3,180,014
Supply Im port 2002 Dept, of Commerce 20.9 3,359,137
D emand Consumption 1950 Assum ption Same as 1980, 

adjusted for 
pelagios 26.6 1,593,940

D emand Consumption 1980 Consumption ra te A djusted for 
pelagios 26.1 2,766,977

D emand Consumption 1985-2002 Assum ption Consumption = 
im ports + 
reported  catches 22.6-21.7 2 ,595,204-

3,488,267

2 This accounts for the lower air-and  boat-based travel betw een islands in  1950 compared to 1980.
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were reported  by taxon, and thu s allowed us to exclude 
large pelagic species.

Inshore,  shore-based catches
1965 - 81 : The inshore catch da ta  for th is  period were 

based  on the  inshore creel survey d a ta  as reported  in  
th e  DAWR a n n u a l rep o rts , in c lud ing  th e  often  sep 
a ra te ly  rep o rted  e s tim a te s  for octopus and  shellfish  
(based  on reef-g lean ing), f ish  w eirs, and  th e  h igh ly  
irreg u la r, seasonal catches of juvenile rabbitfishes (S i
ganidae) and  big-eye scad. P rocedures for expanding 
the catches were accepted as reported  a t the  tim e. We 
applied or accepted adjustm ent factors for nonsurveyed 
periods as provided or used by the fishery da ta  sources 
(Zeller et a l3). The years 1980 and  1981 were deemed 
poorly rep o rted  because of lim ited  su rvey  coverage. 
Therefore, we replaced the  repo rted  catches for 1980 
and  1981 w ith  th e  average catches for 1978-79 and  
1982-83, respectively.

1982 - 8 4 : D ata from H ensley and Sherwood (1993) 
were used  for the  1982-84  period because W PacFIN  
has reported  inshore catches only since 1985. It should 
be noted th a t  these  d a ta  did not include those from 
nigh t fisheries and therefore under-represen ted  actual 
catches.

1985 - 2 0 0 2 : We used the island-wide expanded catch 
estim ates from the inshore creel survey, as undertaken  
by DAWR, and provided by W PacFIN.

Supply ( imports  and catches)  versus d em an d  (consump- 
tion) To assess w hether the reported  catches as ou t
lined above accounted for the likely to ta l catches and to 
derive estim ates of likely catches for the undocum ented 
1950-64  period, we compared estim ates of to ta l supply 
(reported catches plus estim ated  im ported catches) w ith 
dem and as approx im ated  by consum ption estim ates . 
For the purpose of supply and  dem and estim ation, we 
included catches of pelagic species as provided by W Pac
FIN and DAWR, w ith a fixed am ount of 39 t/year carried 
back from 1959 to 1950, based  on DAWR’s estim ated  
annual pelagic catch for 1960-62.

Imports Inform ation on reported im ports was available 
for 1999 and  2002 (Guam  D epartm ent of Commerce6), 
which were converted to per capita ra tes  (1999: 19.5 kg/ 
person; 2002: 20.9 kg/person) using  hum an  population 
statistics (U.S. Census B ureau6), and for 1980 as an esti
m ated annual per capita im port ra te  of 17.7 kg (Table 2). 
There is a long-standing trad ition  of b ring ing  fish into 
Guam  as p a r t  of personal travel. A large, bu t unknow n 
portion of these im ports are so-called cooler-shipped fish 
and are p rim arily  from the Federated  S ta tes  of M icro
nesia, Palau , and the Republic of the  M arshall Islands. 
These im ports  have been poorly recorded, especially

5 G uam  D ep artm en t of Comm erce. 2005. W ebsite: h ttp :// 
www .adm in.gov.gu/com m erce (accessed 15 J a n u a ry  2005).

6 U.S. C ensus B ureau . 2005. W ebsite: h ttp ://w w w .census. 
gov/cgi-bin/ipc/idbsprd (accessed 15 J a n u a ry  2005).

in  the earlie r periods. To account for under-reporting  
of cooler-shipped im ports in  earlier years, we adjusted 
the 1980 ann u al per capita im port ra te  by 20%, to 21.2 
kg. For 1950, we assum ed a level of im port of h a lf  of 
the adjusted  1980 im port ra te  (i.e., 10.6 kg; Table 2), to 
account for the  much lower air- and  boat-based travel 
betw een the various islands in  1950 compared to 1980. 
We linearly  in terpolated  im port ra tes  between the 1950, 
1980, 1999, and 2002 im port data anchor point estim ates 
and  expanded these  to to ta l im p o rt e s tim a tes  u sing  
hum an population sta tistics.

A nother factor th a t may have influenced ra te s  of im 
port and  h a rv es t is aquaculture . There is potentially  a 
considerable (but unknow n) volume of locally farm ed 
tilap ia , catfish, and  m ilkfish th a t is sold w ithout reg u 
lation th rough  sm all-scale m arkets and road-side ven
dors, and these products are  not reported  or recorded. 
C urrently , it  is not possible to estim ate  the im pact of 
aquacu ltu re  on the p resen t estim ation of catches.

D e m a n d  E s tim a te s  of dem and  w ere b ased  on th e  
reported  annual per capita consum ption ra te  of 27 kg of 
seafood for 1980 (Zeller et al3)—a ra te  th a t was carried  
back unaltered  to 1950. We thus assum ed the same re la 
tive consum ption p a tte rn s  for 1950 as for 1980, which 
may underestim ate  the seafood consum ption p a tte rn s  
for 1950, and thu s is adding a conservative component 
to our estim ation . We accounted for the  consum ption 
of pelagic species by rem oving the reported  catches of 
pelagic species for each y ear from to ta l consum ption 
for th a t  year, and subsequently  derived estim ated  non
pelagic per capita  consum ption ra te s  w ith  population 
s ta tis tics (Table 2).

For 1985-2002, we assum ed th a t  to ta l consum ption 
was accounted for by the sum  of reported  catches plus 
e s tim a ted  im ported  catches. Total consum ption w as 
a d ju s ted  by rem oving  th e  re p o rte d  pelag ic catches, 
and the 1985-2002 per capita nonpelagic consum ption 
ra te s  were derived w ith  h u m an  population  s ta tis tic s  
(Table 2).

For the 1981-84 period, we in te rp o la ted  per capita 
nonpelagic consum ption ra te s  betw een  the  1980 and 
1985 d a ta  anchor points. The grow ing concern about 
m a rk e t dum ping  of in c id en ta l bycatch  from  th e  p e 
lagic transsh ipm en t fleet onto the local seafood m arket 
was not considered in  the  p resen t study because it  is 
thought to be a relatively recent phenomenon. It would 
be re flec ted  in  declin ing  com m ercial rep o rted  catch  
d a ta  because i t  replaces local fish in  the  com m ercial 
m arket supply.

Supply ver sus d em an d  To derive estim ates of catches 
for the 1950-64  period, we assum ed th a t  domestic sea
food supply was e ither locally caught, rely ing heavily 
on subsistence fishing, or was p a r t of the  cooler-shipped 
im ports. Given the  assum ed im ports, the  likely to ta l 
local catches were derived as the  difference betw een 
im port e stim ates and  consum ption estim ates (Table 2). 
Thus, in  1950, an  assum ed per capita  im port of 10.6 
kg of seafood and  an  estim a ted  per capita  consum p

http://www.admin.gov.gu/commerce
http://www.census
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Table 3
D ata sources, available tim e series data, and data  anchor points for catch re-estim ation for the Commonwealth of the N orthern  
M ariana  Islands. W PacFIN =W estern Pacific F ishery  Inform ation Network; DFW=Division of F ish  and Wildlife.

Sector Year(s) Source
Official data  

(reported)
M issing data  
(unreported) Catch (t)

Commercial 1960 No commercial fishing X 0
Commercial 1983-2002 W PacFIN, DFW X 76-106
Noncommercial 1950 Per capita consumption X 4567
Noncommercial 1984 Proportion of to ta l catch X 16 6-2
Noncommercial 1993-2002 Proportion of to ta l catch X 87-1063

1 Reported per capita seafood consum ption of 0.45 kg/day was reduced by 50% to rem ain  a  conservative estim ate.
2 In  1984 noncommercial catches represented  about 63% of to tal catches, corresponding to a  noncommercial to commercial ra tio  of 1.7:1.
3 By the early  1990s, the noncommercial catch accounted for about 50% of to tal catches. This ratio  was carried  to 2002.

tion ra te  of 26.6 kg, im plied a per capita catch ra te  of 
16.0 kg for 1950.

For the 1965-84  period, the difference betw een r e 
ported  catches and  supply/dem and estim ates  was in 
te rp re ted  as unreported  catches (e.g., unrecorded night 
fisheries catches in  the early 1980s), and were added to 
the  reported  catches (since 1965), resu lting  in  the final 
re-estim ated  to tal catches.

Catch rates  We converted re -e s tim a ted  catches into 
per capita catch ra te s  using hum an population sta tistics 
and catch per u n it a rea  of the  depth-defined potential 
coral reef ecosystem hab ita t area  (sensu  R ohm ann et al., 
2005). Given th a t  m ost nonpelagic catches come from 
areas  relatively close to G uam , we used the poten tia l 
re e f  a re a  e s tim a te  (to 100 fathom =183 m depth) for 
reefs associated directly w ith the island  of G uam  (202.8 
km 2), not the reef a rea  estim ate  for the EEZ (276 km 2; 
R ohm ann et ah, 2005). The reef area  may slightly under
estim ate  the a rea  for bottom -fisheries, p a rticu la rly  for 
the post-1980 period, when an  increasing  proportion of 
commercial bottom fish catches (up to 30%) likely origi
n ated  from offshore banks.

CNMI

C o m m e r c i a l  c a tc h e s  E s tim a te s  based  on d a ta  col
lected by DFW of commercial landings for recent years 
(1981-2002) were available th ro u g h  W PacFIN . Given 
uncertain ty  surrounding the low catches reported for the 
first few years of this data series, only the period from 1983 
through 2002 was used (Table 3). Because the collected 
data  relate to Saipan only, W PacFIN uses an  adjustm ent 
factor of 20% to expand to CNMI to ta l catches, which is 
thought to account for much of the known under-record
ing of commercial landings. Because there was little local 
com m ercial fisheries developm ent in  the  CNMI u n til 
the 1960s, we assum ed commercial catches were zero in  
1960 (Table 3) and linearly  interpolated  catches between 
1960 and  th e  1983 value as rep o rted  by W PacFIN .

Noncommerc ia l  catches  N oncom m ercial catches are 
not rep o rted  in  CNM I. A lthough lim ited  m onito ring  
h as  ex is ted  since 1984 for th e  S a ip a n  lagoon only, 
these  d a ta  have not been analyzed and  were not ava il
able to us.

1950 - 8 3 : Subsistence fishing was an  im portan t daily 
activity in  the N orthern  M arianas a fte r WWII, and it 
was estim ated  th a t in  the la te  1940s the local popula
tion trad itionally  consumed nearly 0.45 kg/person/day, 
im plying an  annual per capita seafood consumption of 
over 165 kg (Sm ith4). Although th is  ra te  of consumption 
may appear a high estim ate, other Pacific islands have 
reported  sim ilarly high annual per capita consumption 
ra te s  as recently  as the late 1990s, e.g., K iribati (183 
kg), Palau  (124 kg), Federated S tates of M icronesia (119 
kg), or Tuvalu (113 kg) (G illeti7). To account for lower 
fish consumption by the small nonindigenous population, 
the likely inclusion of pelagic species in  the  reported  
consumption rate , and U.S. m ilita ry  food support after 
WWII, as well as to rem ain  conservative in  our estim a
tion, we reduced th is  ra te  by over 50% to 72.6 kg/per
son/year (0.2 kg/person/day) as the assum ed per capita 
consumption rate  for 1950 (Table 3). Furtherm ore, given 
th a t v irtu a lly  no vessels were available for exploitation 
of offshore resources shortly  a fte r WWII, we assum ed 
th a t noncommercial catches in  1950 were based alm ost 
exclusively on near-shore resources. We linearly in terpo
lated  the per capita catch ra tes  betw een th is  1950 level 
and the catch ra te  estim ated  for 1984 (see below) and 
expanded these to a to tal noncommercial catch estim ate 
w ith the use of hum an population census data.

1984 - 2 0 0 2 : In  1984, noncom m ercial catches were 
th ough t to have accounted for approxim ately  63% of 
to ta l catches, which corresponded to a noncommercial-

7 G ille ti, R. 2002. Pacific Is la n d  fish e rie s: reg io n a l and  
country  inform ation. RAP Publication 2002/13, 168 p. Asia- 
Pacific F ish e ry  Com m ission, FAO R egional Office for A sia 
and  th e  Pacific, M aliw an M ansion, P h ra  A tit Road, Bangkok 
10200, T ha iland .



Ze lle r et al.: Small-scale fishery catches fo r U.S. Island areas In the  W estern Pacific 273

Table 4
A m erican Samoa reconstructed catch sum m ary, by decade. Sum m arized from Zeller et al. (2006a).

Year Official reported catch (t) U nreported catch (t) Total estim ated catch (t)

1950 — 752 752
1960 — 635 635
1970 — 596 596
1980 41 368 409
1990 10 312 322
2000 42 152 195
2002 34 121 155

to -com m ercial catch  ra tio  of 1.7:1 (Table 3). By the  
early  1990s, approxim ately 50% of to ta l catches were 
th o u g h t to be not rep o rted  because they  constitu ted  
noncommercial catches. Thus, the  noncommercial catch 
value for the  tim e period 1993-2002 was set equal to 
the  to ta l com m ercial catches (Table 3). Thus, we a s 
sum ed higher reliance on noncommercial fishing in  the 
early  1980s com pared to the  1990s. We in te rp o la ted  
the proportion of noncom m ercial catches betw een 1984 
and 1993 and  expanded them  by using  reported  com
m ercial catches.

Catch rates R e-estim ated catches were converted to per 
capita catch ra te s  by using  hum an  population census 
data , and to catch per u n it a rea  of the depth-defined 
potential coral reef ecosystem h ab ita t area  (sensu  Rohm
an n  et al., 2005). Total po ten tia l coral ree f a rea  to a 
dep th  of 100 fathom s (183 m) for CNM I is 476 k m 2 
(Rohm ann et ah, 2005). Given th a t most fishing in  CNMI 
occurs n ear the th ree  m ain  islands, the coral reef area 
estim ate  for these is lands (331.2 k m 2) was used here 
also (R ohm ann et ah, 2005).

American Samoa

Total catches for nopelagic species for Am erican Samoan 
have been re -estim ated  independently  by Zeller et al. 
(2006a), and  a re  su m m arized  by decade in  Table 4. 
A m erican Sam oan catches were included in  the p re s 
ent study for completeness in  the re-estim ation  of to ta l 
tim e series catches for the  U.S. flag-associated Pacific 
island  areas.

Results

The catch re-estim ation  for nonpelagic species for the 
major U.S. flag-associated island  areas in  the w estern  
Pacific combined (excluding Hawaii) indicated  two m ain 
points (Fig. 2A):

1 a su b s ta n tia l  d isc rep an cy  betw een  offic ia lly  r e 
ported catch da ta  and potential to tal catches as re-

e s tim a te d  here  an d  by Z eller et al. (2006a). For 
th e  tim e  period  for w hich rep o rted  d a ta  ex isted  
(1965-2002), such data  may have yielded an under
estim ate of likely to ta l catches by as much as a factor 
of 4.55. This discrepancy was largest in  early years; 
and

2 a poten tia l decline of 77% occurred in  to ta l catches, 
from an estim ated  2165 t  in  1950 to 496 t  in  2002. 
T h is decline co n tra s ted  w ith  th e  tre n d  observed 
from  the  d a ta  rep o rted  by ind iv idual is lan d  e n ti
tie s—nam ely an  increasing  trend  from 147 t  in  1965 
to 269 t  in  2002.

Individual islands

For Guam , the re-estim ation  indicated  a decline of 86% 
in  catches of nonpelagic species over the 50-year tim e 
period considered here. There was also a 2 .5 -fold differ
ence betw een the re-estim ated  catches and the reported  
s ta tis tic s  for the 1965-2002 period, driven by u n d er
repo rtin g  of catches in  earlie r periods. G uam ’s ongo
ing com m itm ent to and consistent application of creel 
surveys to estim ate  to ta l catches has resu lted  in  w hat 
m ay be the m ost reliable estim ates of to ta l catches for 
any of the is lands considered here, a t leas t since the 
mid-1980s (Fig. 2B). Based on the re -estim ated  data, 
the annual per capita catch ra te s  for G uam ’s coral reef- 
and bottom -fisheries may have declined from 16.0 kg to 
0.8 kg between 1950 and 2002 (Table 5). Catch ra tes  per 
area of potential coral reef hab ita t (to 100 fathom=183 m 
depth) appear to have declined from 4.7 t/k m 2/year to 
0.6 t/k m 2/year betw een 1950 and 2002 (Table 5).

For CNMI, the re-estim ated  catches ind icated  a de
cline of about 54% in  catches of nonpelagic species b e 
tw een 1950 and 2002. Com paring the catches reported  
by CNMI from W PacFIN  w ith  the  re -estim a ted  to ta l 
catches, we found a 2 .2 -fold under-reporting  of po ten
tia l to tal catches by the reported  data, compared to the 
re -estim a ted  to ta ls  for the  1983-2002 tim e period of 
coverage by W PacFIN  (Fig. 2C). T aking  into account 
CNM I’s rap id  hum an  population grow th over the last 
two decades, we su rm ise  th a t  the  an n u a l per capita  
catch ra te  may have declined from a high of 72.6 kg in
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Figure 2
R e-estim ated  catches of sm all-scale, cora l-reef fisheries for the  m ajor U.S. flag -associa ted  is lan d  a reas  in  the 
w estern  Pacific (G uam , Com m onw ealth of the  N o rth e rn  M arian a  Is lan d s [CNM I], and  A m erican Samoa), versus 
th e  s ta tis tic s  officially  rep o rted  by th ese  is lan d  en titie s  th ro u g h  th e  W estern  Pacific F ish ery  In fo rm ation  N e t
work. B oth th e  u n d er-rep resen ta tio n  of likely to ta l catches, as well as the  likely  decline in  catches is evident 
in  each case. T otal re -e s tim a ted  catches (A) sum m ed over a ll th e  m ajor U.S. flag -associa ted  is lan d  a rea s  of the  
w este rn  Pacific considered here ; (B) for G uam  versus th e  catches rep o rted  by D ivision of A quatic and  W ildlife 
R esources; (C) for CNM I versus th e  s ta tis tic s  officially  rep o rted  by D ivision of F ish  and  W ildlife; and  (D) for 
A m erican Sam oa versus th e  sta tis tic s  officially reported  by D epartm en t of M arine and  W ildlife R esources (F igure 
2D m odified from  Zeller e t al., 2006a).

Table 5
Catch ra tes  for the re-estim ated  small-scale fishery catches for G uam  and the Commonwealth of the N orthern  M ariana  Islands 
(CNMI), excluding pelagic species. Catch estim ates are presented as per capita catch rates, and as catch per surface area  of 
potential coral reef hab ita t to a depth of 100 fathom  (183 m, R ohm ann et al., 2005).

C atch/area (t/km 2/year)
Per capita catch (kg/year) --------------------------------------------------------------------------------------------------

-------------------------------------------------------- Commonwealth of the N orthern  M ariana  Islands
Commonwealth of the Guam  --------------------------------------------------------------------------

Year Guam  N orthern  M ariana  Islands (202.8 km 2) All islands (476 km 2) M ain islands (331.2 km 2)

1950 16.0 72.6 4.7 1.0 1.4
1960 12.5 53.9 4.1 1.0 1.4
1970 9.4 37.9 3.9 1.0 1.4
1980 4.9 20.5 2.5 0.7 1.0
1990 1.0 5.8 0.6 0.5 0.8
2000 1.4 3.2 1.1 0.5 0.7
2002 0.8 2.9 0.6 0.4 0.6
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1950 to 2.9 kg by 2002 (Table 5). Given th a t  over 99% 
of th e  h u m an  popu la tion  of CNM I lives a ro u n d  the  
th ree  m ain  islands, the catch per reef hab ita t a rea  was 
assessed for both the en tire CNMI reef area  (476 km 2) 
and also for the ree f a rea s  of the  th ree  m ain  islands 
(331.2 km 2). Thus, betw een 1950 and 2002, estim ated  
a n n u a l catch per k m 2 re e f a rea  ap p ears  to have de
clined from 1.0 t  to 0.4 t, and  from 1.4 t  to 0.6 t  for the 
entire CNMI reef a rea  (476 km 2) and m ain  islands reef 
a reas (331.2 km 2), respectively (Table 5).

The historic fisheries catches for Am erican Samoa, as 
re-estim ated  by Zeller et al. (2006a), indicated a poten
tia l decline of about 79% in small-scale fisheries catches 
of nonpelagic species betw een 1950 and 2002 (Fig. 2D; 
modified from Zeller et ah, 2006a). There was also a 
7-fold difference betw een the re-estim ated  catches and 
the reported  da ta  for the 1980-2002 tim e period.

Discussion

Local and  regional fisheries experts often acknowledge 
th a t  they  are  aw are of the lim ited  n a tu re  of m uch of 
the official data , bu t rare ly  are  w illing or able to q u an 
tify  the  m issing catches. O ur re-estim ation  m akes the 
poten tia l scale of under-reporting  of to ta l extractions of 
m arine resources evident. Specifically, our study illu s 
tra te s  not only the potential discrepancy by a factor of 
4.55 betw een w hat was repo rted  and  w hat may have 
been caught (for the period of da ta  reporting), bu t also 
ind ica tes the  p o ten tia l scale of declines (77% overall 
for all a reas  combined) in  to ta l catches over the  la s t 50 
years. A lthough the h istoric catch estim ates proposed 
here obviously do not rep resen t a formal stock assess
ment, they are  useful as baselines of poten tia l historic 
p a tte rn s  and  trends in  fisheries catches.

Regarding our comparison of catch data  to those from 
official, repo rted  fisheries, we acknowledge th a t  m ost 
fisheries s ta tis tics  were originally  designed as an  eco
nomic developm ent and  m onitoring  tool, w here there  
was a common focus on commercial catches (with the 
exception of G uam ). N evertheless, rep o rted  d a ta  are 
being increasingly  used to p resen t national and global 
fisheries conditions and s ta tu s  and trends of resources. 
Thus, the  under-represen ta tion  of likely to ta l catches 
as in d ica ted  here  m ay lead  d irec tly  to an  erroneous 
in te rp re ta tio n  of the s ta tu s  of fisheries w ith in  the U.S. 
flag-associated  islands. S ignificantly, the  s itua tion  of 
under-reporting  contribu tes to the  continued m arg in 
alization of sm all-scale fisheries (Pauly, 1997), and the 
ongoing under-valuation of the d irect and ind irec t eco
nomic and  social contribution  of noncom m ercial (e.g., 
subsistence, and increasingly  recreational) fisheries to 
the economic well-being of these is lands (Zeller et al, 
2006b). Such underestim ations of catch h isto ries may 
also have repercussions for the  move tow ards ecosys
tem -based fisheries m anagem ent.

The general approach used here, which relies on a n 
chor po in ts of d a ta  ob ta ined  from  a v a rie ty  of peer- 
reviewed and non-refereed da ta  sources, m oderated by

conservative assum ptions, and interpolated  for missing- 
d a ta  years, re su lts  in  catch estim ates th a t  accounted 
for all fisheries sectors. We acknowledge th a t our e s ti
m ates clearly are not sta tistica lly  rigorous in  the sense 
of approxim ating “tru e ” tim e-series values, which are 
obviously not known. However, given our conservative 
approach to estim ation, the p resen t estim ates are less 
wrong th a n  the cu rren t default of reporting  zero catch 
for fisheries sectors not considered in  official figures. 
Ignoring the catches of noncommercial sectors of fish
eries in  the  U.S. flag -asso c ia ted  is lan d  a re a s  of the 
w estern  Pacific has likely resu lted  in  a skewed picture 
of the historic catch trends, as well as the m agnitude 
of catches for nonpelagic, near-shore resources in  these 
islands.

Catch estim ation procedures such as ours are associ
ated  w ith high da ta  uncerta in ty ; th is  is the n a tu re  of 
a lte rn a tiv e , non -standard ized  d a ta  sources. The p au 
city of d a ta  for the  ea rlie r  periods w as an  acknow l
edged shortcom ing to our approach; nevertheless, our 
approach is based  on the  b es t d a ta  and  in fo rm ation  
availab le . We endeavored to rem a in  conservative in  
our estim ation  throughout the period of exam ination; 
thereby incorporating  a p recau tionary  aspect into the 
d a ta . O ur conservative approach  can be p laced in to  
context by the following consideration.

The re-estim ation of catches for Guam, as undertaken  
here, indicates a decline in  catches of 86%, and a 2.5-fold 
discrepancy betw een the re-estim ated  catches and the 
reported statistics over the time period for which DAWR 
reported data  exist (1965-2002). The validity of the dif
ferences betw een reported  and re-estim ated  catches is 
supported by the observation tha t, a t least for the earlier 
periods, the catch data  as reported  by our sources (and 
forming the reported data) were “probably several tim es” 
less th a n  the actual yields (Zeller et a l.3).

Concerns about our approach to the unreported  catch
es can be placed into perspective th rough  an  a lte rn a 
tive, albeit less rigorous estim ation (Zeller e t a l.3). In 
1977, 38.6% of households in  G uam  were considered to 
have a t least one fam ily m em ber who fished, and  m ean 
m onthly catch per surveyed household was 32.7 kg, or 
392 kg/year. W ith an  average of 5 people per household 
and a population of 110,000 in  1977 for Guam, these fig
u res imply 22,000 households (110,000 people/5 people 
per household), of which 38.6% (i.e., 8492 households) 
had  active fisherm en. These actively fishing households 
alone could th u s  have caugh t 3 ,328 ,864  kg in  1977 
(8492 households w ith catch ra te  of 392 kg). Accounting 
for pelagic fish in  the ir catch (45.8% of reported  catches 
in  1977 were caught w ith pelagic gear), th is  calculation 
would imply a nonpelagic catch of 1,804,244 kg for 1977 
(3,328,864 k g x [1-0.458]). This adm ittedly very indirect 
estim ate  is 2.76 tim es our to ta l reconstructed  nonpe
lagic catch estim ate  of 654,345 kg for 1977, and  12.6 
tim es the DAWR reported  catch of 143,220 kg. Thus, 
th is  in d ire c t approxim ation  supports  our contention  
th a t our re-estim ation  approach was conservative, and 
to ta l catches in  the earlie r periods were considerably 
h igher th a n  those of the reported  data.
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We appreciate  th a t  using  lin ea r  in terpo la tion  of per 
capita catch ra te s  betw een anchor points (particu la rly  
i f  w idely spaced  in  tim e) m ay in tro d u ce  ad d itio n a l 
d a ta  u n c e r ta in tie s  asso c ia ted  w ith  p o ten tia l b eh av 
ioral (changes in  lifestyle and d ie ta ry  preferences) and 
socioeconomic (move tow ards cash-economy) changes 
in  the  hum an  population over th a t  tim e period. T his 
u n c e r ta in ty  in  tu r n  m ay lead  to over- or u n d e re s 
tim a tio n  of catches for a given year, for th e  period  
b e tw een  anchor p o in ts . However, g iven th e  bounds 
provided by the anchor point d a ta , such u n ce rta in tie s  
would p rim arily  in fluence the  shape of the  re su lta n t 
catch curve for the  period betw een each set of anchor 
points. Given the  paucity  of o ther supportive data , the 
only reliab le a lte rn a tiv e  approach would have been a 
simple lin e a r  in te rp o la tio n  of catches betw een anchor 
p o in ts . On closer ex am in a tio n  of our re c o n s tru c te d  
d a ta  (see Fig. 2, the  source of p resen t d a ta  [Zeller et 
a l.3], and  Zeller et ah, 2006a), such lin ea r in te rp o la 
tion would only re su lt in  re la tively  sm all differences 
com pared  to our p re se n t app roach . For exam ple, a 
sim ple l in e a r  in te rp o la tio n  of anchor p o in t ca tches 
would have sm oothed the  sligh t rise  in  reco n stru c ted  
catches for CNMI betw een 1950 and  1980 (Fig. 2C). 
O verall, however, the  broad  conclusions and  general 
tre n d s  observed here  would no t have been s u b s ta n 
tia lly  affected.

The area  catch ra te s  as estim ated here indicate catch 
ra te s  ran g in g  from 0.4 to 4.7 t /k m 2/year. These e s ti
m ates are  all a t or n ear the lower end of the only other 
comprehensive range of estim ates (0 .3 -64  t/k m 2/year) 
established for the  Pacific region (Dalzell and Adams, 
1997). However, all a rea  catch ra te s  are  heavily in flu 
enced by the definition of coral ree f area , which here 
was taken  as depth defined (100 fathoms=183 m) poten
tia l coral reef ecosystem hab ita t as defined by Rohm ann 
et al. (2005), which may represent overestim ates of true  
coral ree f h ab ita ts  around  each island . N evertheless, 
the p resen t estim ates ind icate  th a t our reconstructed  
catch estim ates, even for the early years, may likely be 
feasible in  a broader ecological context.

A lthough the overall finding of our study  w as th a t 
of declining to ta l catches, such declining catches may 
not necessarily  be the re su lt of excessive fishing alone 
because other factors may also contribute to the decline. 
These include changes in  lifestyles, cash incomes, and 
dietary  preferences of the local populations (as indicated 
above), as well as h ab ita t degradation and pollution re 
su lting  from environm entally  insensitive developments 
(F ried lander and  D eM artin i, 2002). All these factors 
can potentially  lead to declines in  the size of fish stocks 
and catches. Nevertheless, our resu lts  do indicate likely 
su bstan tia l changes over the la s t 50+ years in  fisheries 
catches and should form im portan t baselines for a move 
tow ards ecosystem-based resource and h ab ita t m anage
m ent in  the  U.S. w estern  Pacific region, p a rticu la rly  
as o ther lines of evidence (e.g., declines in  m ean  size 
of fish) also indicate th a t overfishing or stock declines 
m ay indeed be occurring in  m any areas (e.g., C raig et 
ah, 1993).

Finally, and in  our opinion significantly, we suggest 
strongly th a t all responsible agencies should be required 
to im plem ent and  m ain ta in  reg u la r estim ation proce
dures to account for and  report all catches taken  by all 
fisheries sectors. According to the data  from the present 
study, G uam  m ay offer a good exam ple and  s ta r tin g  
poin t for such considerations. G uam  h as estab lished  
an active com m itm ent to creel surveys during  the last 
20+ years  as a m echanism  to estim ate  to ta l catches. 
It is to be hoped th a t  th is  com m itm ent w ill continue. 
Given the  h igh  costs of creel surveys (which a re  the  
m ost suitable m ethod for e s tim ating  highly  dispersed 
and de-centralized noncommercial fisheries), resource- 
lim ited  developing countries should give considerations 
to regular, albeit nonannual surveys for estim ation of 
noncommercial catches. Well executed and  com prehen
sive noncommercial catch estim ates u n dertaken  every 
2 -5  years are b e tte r th a n  the cu rren t scenario of v ir tu 
ally no da ta  collection.

M anagem ent agencies and policy m akers should con
sider the d istinctly  d ifferent baselines of p ast catches 
as p resen ted  in  th is  study, as they  shed new ligh t on 
issues and concerns for fisheries susta inab ility  and eco
system  conservation. F u rtherm ore , re-estim ations, as 
presented here, illu s tra te  the im portance of sm all-scale 
and noncommercial fisheries sectors and indicate a need 
to account for all fisheries catches in  official s ta tistics.
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