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Panama is a small Central American country, but it
opera tes a big canal and the world keeps an eye on de-

vel opm ents there . Probl ems with the canal or eco l ogical dis-
a s ters in its waters h ed would attract a lot of a t ten ti on . As
Th eodore Roo s evelt planned , the Panama Canal is a major
s h i pping corri dor, tra n s porting 37 ships a day and provi d i n g
su b s t a n tial income to the Panamanian govern m en t . Yet as
Roo s evelt could not have recogn i zed — de s p i te his interest in
con s erva ti on—the canal sits in the cen ter of one of the worl d ’s
most bi o l ogi c a lly diverse areas (Myers et al. 2 0 0 0 ) : So ut h ern
Cen tral Am erica has more forest bi rd species than any other
regi on in the worl d , except Am a zonia and the nort h ern and
cen tral An de s ,e ach of wh i ch is va s t ly larger than sout h ern Cen-
tral Am erica (Stotz et al. 1 9 9 6 ) ; and Panama has as many plant
s pecies per 10,000 km2 as any regi on in the worl d ,m ore than
Am a zonia or the Ma l ay Pen i n sula (Ba rthlott et al. 1 9 9 6 ) .
Roo s evelt may have su s pected ,t h o u gh , that forests are cru-
cial for pro tecting the water su pp ly of the Panama Canal and
for maintaining the plant and animal com mu n i ti e s . Fortu-
n a tely, the year 2000 sti ll found ex ten s ive forests around the
c a n a l , pro tected largely thanks to military and shipping in-
tere s t s , but it also found the waters h ed ad jacent to a large and

expanding capital city. Maintaining the eco s ys tem integri ty of
the canal wi ll pose a major ch a ll en ge for con s erva ti on in the
21st cen tu ry. Is urban and econ omic devel opm ent com p a ti-
ble with a hyd ro l ogi c a lly functi oning canal and con s erva-
ti on of an ex trem ely diverse flora and fauna?
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Mu ch of the news covera ge su rrounding the year 2000
tu rn over of the canal to Panama foc u s ed on a con cern that
was ra i s ed in the scien tific litera tu re 20 ye a rs ago : Cl e a ring the
forest in the waters h ed might kill the canal (Wad s wort h
1 9 7 8 ) . Little atten ti on has been paid to the import a n ce of t h e
a rea in terms of bi od ivers i ty, and for the most part the report s
i gn ore the vast qu a n ti ty of em p i rical data that exist on the 
s t a tus of the canal waters h ed and its fore s t s . In this arti cle we

provi de a year 2000 su m m a ry of t h e
s t a tus of the canal’s natu ral re s o u rce s ,
the nati onal parks that Panama has
c re a ted to pro tect them , and thei r
human inhabi t a n t s ,b a s ed on ye a rs of
re s e a rch con du cted under the aus-
p i ces of the Sm i t h s onian Trop i c a l
Re s e a rch In s ti tute and the Pa n a m a
Canal Com m i s s i on and co ll ected by
a recent in-depth mon i toring pro-
gram spon s ored by the US Agen c y
for In tern a ti onal Devel opm en t
( Heck adon - Moreno et al. 1 9 9 9 ,
Ibáñez et al. 1 9 9 9 a ) .This snapshot of
the status of land use, forest com-
mu n i ti e s , hyd ro l ogy, and hu m a n
pop u l a ti on in the waters h ed wi ll
provi de a baseline against wh i ch to
assess futu re ch a n ge . Our analys e s
of n a tu ral com mu n i ties focus on
trees and vertebra tes—the be s t
k n own groups and thus those of fer-
ing the most useful ga u ge .O f co u rs e ,
we make no claim that trees and ver-
tebra tes repre s ent the en ti re flora
and fauna, and we en co u ra ge other
re s e a rch ers to mon i tor aqu a tic bi o t a
and invertebra te s .

The canal’s
su rrou n d i n gs
The Panama Canal waters h ed en-
compasses 2892 km2 of land are a
( F i g u re 1), wh i ch is abo ut half t h e
s i ze of the state of Del aw a re (Heck-
adon - Moreno et al. 1 9 9 9 , Ibáñez et
a l . 1 9 9 9 a ) . It lies in the season a lly
m oist tropics at 9° north lati tu de .
Ra i n f a ll is ample to sustain tall for-
est thro u gh o ut the are a , but there is
a marked dry season from Decem ber
t h ro u gh Apri l . Ra i n f a ll is con s i der-
a bly high er, and the dry season
s h orter, on the Ca ri bbean side of t h e
i s t h mus (Condit et al. 2 0 0 0 ) . Most of
the waters h ed is less than 300 m
a bove sea level , but the fri n ges to the
s o ut hwest and east rise to 1000 m in

el eva ti on at three pe a k s . The ra i n f a ll grad i ent ac ross the isth-
mus and the el eva ti on grad i ent underlie the regi on’s high di-
vers i ty and also set the human set t l em ent pattern s . At lower
el eva ti ons and on the dri er Pacific slope are most of t h e
c i ti e s ; mu ch of this area is now gra s s l a n d , cl e a red by hu m a n s
for agri c u l tu re (mostly cattle). These grasslands frequ en t ly
bu rn du ring the dry season , but the natu ral forests do not. In

Fi g u re 1. Fo rest (gre en) and nonfo rest (yell ow for grass or shru bl a n d , pink for urba n ,
blue for wa ter) near the Panama Canal w a ters h e d . B l a ck marks are cl ou d s . Th e
tra d i t ional bou n d a ry of the wa tershed is outlined in wh i te (thou gh the Ca n a l
Au t h o ri ty re cen t ly expanded the of f i cial def i n i tion of the wa ters h e d , we used this
ea rl i er bou n d a ry in our wo rk ) . Na tional pa rks are outlined in red; the co nvol u te d
Ba rro Col o rado bou n d a ry should not be co n fu sed with an urban area . Fo re s t
i nven to ry pl ots are indicated with blue sq u a re s . No rth is up. La ke Al h a j u el a ,t h e
c a n a l ’s main wa ter sou rce , is east of the canal. Panama Ci ty is the large urban area on
the Pa cific coast just east of the canal en tra n ce . The large gre en pa tch on the Pa ci f i c
coast in the far sou t h ern pa rt of the map is mangrove fo rest; away from the canal
co rri d o r, t h ere is no lowland terre s trial fo rest on the Pa cific slope . The canal is abou t
65 km long from ocean to ocea n .



con tra s t , the wet ter Ca ri bbean side of
the isthmus is wh ere the largest for-
est bl ocks rem a i n .

In terms of gen eral stru ctu re ,m o s t
forests of the canal area are qu i te
s i m i l a r, except very small areas of
m a n grove , f re s hw a ter swamps, a n d
mountain pe a k s . Well - d ra i n ed site s
h ave a cl o s ed canopy 20–40 m tall ,
with em er gent trees re aching 50 m in
h ei gh t , and a dense unders tory of
tree saplings , treel et s , p a l m s , a n d
m a ny lianas. L a r ge-scale natu ral dis-
tu rb a n ce s — hu rricane or fire — a re
a b s en t , so small wi n d s torms and in-
d ivi dual treef a lls are the sole source
of c a n opy tu rn over. Even the dri e s t
s i tes have a mostly ever green canopy
and thus do not qualify as dry or
dec i duous fore s t , and nearly all low-
land sites near the canal are call ed
tropical moist forest in the Ho l d ri d ge
(1967) sys tem . However, t h ere is a
grad i ent in dec i du o u s n e s s : Fore s t s
near the Pacific coast are abo ut 25%
dec i du o u s , wh ereas At l a n tic site s
h ave almost no dec i duous tree s
( Condit et al. 2 0 0 0 ) . A small area of
wet ri d ges near the At l a n tic are cl a s-
s i f i ed as wet forest or su bm on t a n e
forest in the Ho l d ri d ge sys tem , but
these forests are stru ctu ra lly not
mu ch different from the moi s t
fore s t s .

Forest types in the tropics are most
typ i c a lly def i n ed by cl i m a tic zon e s ,
and the types found in the water-
s h ed — m oist and wet fore s t — a re
wi de s pre ad in Cen tral Am eri c a . Su b-
s t a n tial areas are in the nati onal park s
of e ach co u n try. Panama has 12,521
k m2 of land area—16.5% of t h e
co u n try—in nati onal park s ,m o s t ly
h e avi ly fore s ted (Autori d ad Nac i on a l
del Am bi en te 2000). But these broad forest types belie mu ch
m ore rapid ch a n ges in species com po s i ti on . Moreover, t h e
canal waters h ed has a su b s t a n tial share of the pro tected ar-
eas of Panama—10.4% of the nati on’s nati onal parkland lies
in the waters h ed , wh i ch occupies on ly 3.8% of the nati on’s land
a re a .

The fo rests rem a i n i n g
The first step in eva lu a ting con s erva ti on status in the moi s t
tropics is to determine how mu ch land remains fore s ted . In
1 9 9 8 , 54% of the land area of the Panama Canal waters h ed
was fore s ted and 43% was pastu re or shru bland (Ibáñez et al.

1 9 9 9 a ) . The forest is mostly in two large bl ock s , one east of
L a ke Al h a ju ela and one along the canal (Figure 1); we refer
to the latter forestland as the canal corri dor (Figure 2). Th e
a rea bet ween the two is a patchwork of forest fra gm en t s .
Two - t h i rds of the fore s t , 108,000 ha, is pro tected within the
t h ree nati onal parks and one natu re monu m ent of the wa-
ters h ed . Most of the remaining forest is along the west side
of the canal, on land that was used by the US military unti l
the ye a r-2000 tu rn over. Not all nati onal parkland is fore s ted ,
h owever, e s pec i a lly in Al tos de Campana Na ti onal Pa rk ,
wh ere 50% is anthropogenic grassland or shru bby regrowt h ;
o t h er pro tected areas are more than 90% forest (Ibáñez et al.
1 9 9 9 a ) .
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Fi g u re 2. Human co m mu n i ties of the Panama Canal wa ters h e d , overlain on the map
of fo rest cover (light gre en) and ol d - growth fo rest (dark gre en ) . Ea ch ci rcle repre sen t s
a single town ,a cco rding to Pa n a m a ’s 1990 cen su s . All the largest ci rcles (popu l a ti o n s
grea ter than 3200) are along the transisthmian highway from Panama Ci ty (east of
the Pa cific canal en tra n ce) to Colon (east of the At l a n tic en tra n ce ) . C h i l i bre and La s
Cu m bres include the co n grega tion of towns at the south end of this highway. Al so
i n d i c a t ed are the bi rd cen sus regions listed in Ta ble 1 and the area ref erred to as the
canal co rridor (hatch e d ) .



The Pacific slope has been set t l ed for abo ut 7000 ye a rs by
Na tive Am ericans and more recen t ly by Spanish co l on i s t s .
Si n ce the canal was com p l eted in 1914 and the Canal Zon e
came under the pro tecti on of the US govern m en t , fore s t s
h ave regrown near the canal, but in the sout h ern half of t h e
i s t h mu s , close to Panama Ci ty, t h ey remain fra gm en ted and
con s p i c u o u s ly secon d a ry, with few large tree s . In con tra s t ,t h ere
is ex ten s ive forest near the canal in the nort h ern half of t h e
i s t h mu s , in Soberania Na ti onal Pa rk and Ba rro Co l orado
Na tu re Monu m ent (Figure 1), and old-growth forest rem a i n s
on Ba rro Co l orado Island and in a few other patches near the
c a n a l . The rem o te forests east of L a ke Al h a ju ela are largely
u n d i s tu rbed , with ex ten s ive areas of near pri s tine old-growt h
trees (Figure 2). O ut s i de the canal are a , Pacific slope fore s t s
h ave been cl e a red thro u gh o ut most of Panama and Cen tra l
Am eri c a ; forests of the Ca ri bbean coast are mu ch more ex-
ten s ive . In terms of gl obal con s erva ti on need s , the forests of
the Pacific coast near Panama Ci ty could be con s i dered the
most important in the regi on , de s p i te their secon d a ry statu s .
In deed , the canal area is one of the last sites in the world wh ere
a corri dor of forest stretches from the At l a n tic to the Pac i f i c .

Tree spe cies divers i ty
The most striking fe a tu re of the tree com mu n i ties around the
Panama Canal is how va ri a ble they are in species com po s i ti on .
Except for sites within 1–3 km of e ach other, no two fore s t s
a re similar in terms of t h eir dominant tree species (Ibáñez et
a l . 1 9 9 9 a , Condit et al. n . d . , Pyke et al. n . d . ) . Hi gh tu rn over
is illu s tra ted by data from 44 tree inven tory plots establ i s h ed
t h ro u gh o ut the waters h ed (Condit et al. 2 0 0 1 , Pyke et al.
n . d . ) . In 34 tree inven tories in the canal corri dor, covering over
90 ha of fore s t , 561 species were recorded ; in just 10 plots in
the wet fore s t s ,t h ere were 611 spec i e s , 422 of wh i ch were not
recorded in the canal corri dor. This abru pt ch a n ge in spec i e s
com po s i ti on — h i gh beta divers i ty—is why Panama is so ri ch
in total spec i e s . The Ba rthlott et al. (1996) su rvey report s
that Panama has more than 5000 plant species per 10,000 km2,
even though indivi dual site s , su ch as the Ba rro Co l orado Is-
land 50-ha plot, a re not parti c u l a rly ri ch (Condit et al. 1 9 9 6 ) .
Wet ter sites have high er local divers i ty, with over 150 spec i e s
per ha com p a red with 84 species per ha in the canal corri dor
( Pyke et al. n . d . ) , but even these sites are not nearly as ri ch as
the forests of Am a zonia or So utheast Asia (Condit et al.
1 9 9 6 ) . Ma ny tree species are sti ll being discovered :O f the 983
s pecies we tall i ed in plots, over 200 had not previ o u s ly been
recorded in the waters h ed , and 19 are newly recorded for
Panama (Condit 2001). This tally is based on D’ Arc y ’s (1987)
ch ecklist of Pa n a m a’s flora , wh i ch lists the po l i tical regi on of
Panama in wh i ch each species has been recorded (ei t h er
Pa n a m a’s provi n ces or the form er Canal Zon e ; the canal wa-
ters h ed falls within two provi n ces and the Canal Zon e ) .

We esti m a te that the canal corri dor has 850–1000 spec i e s
of trees and shru b s , with 24% to 28% re s tri cted to the wet-
ter secti on near the At l a n ti c ,12% to 16% re s tri cted to the dri er
s ecti on near Panama Ci ty, and 30% to 45% wi de s pre ad from
coast to coast (Condit 2001). Our inven tories on the Santa Ri t a

ri d ge and the wet ter foo t h i lls near Ch a gres and Al tos de
Campana Na ti onal Pa rks sample a small part of a very large
a re a ; our prel i m i n a ry esti m a te is that there are 1400–2200
s pecies in these are a s , 60% of wh i ch do not occur in the
canal corri dor (Condit 2001).We esti m a te that the canal wa-
ters h ed holds 1700–2300 tree and treel et spec i e s , 60% to
70% of the total for Panama (Condit 2001). O ft h e s e , 983 have
been iden ti f i ed in our plots, so we know som ething abo ut thei r
a bu n d a n ce .

Ma ny are exceed i n gly ra re .O f the tree species tall i ed in plots,
376 appe a red in on ly a single hect a re , and 224 were repre s en ted
by just one indivi du a l . In tere s ti n gly,h owever, of the 91 of t h o s e
that are iden ti f i ed , 87 occur in co u n tries other than Pa n a m a ;
just four are en demic to Pa n a m a , and on ly on e —Pl eu ro -
t hyrium ra cem o su m in the Laurace ae—is re s tri cted to the
a rea around the canal waters h ed . Pl eu rot hyrium ra cem o su m
is known on ly from a very small are a , and it is ra re wh ere it
is known .

We also tall i ed all tree species bel i eved to be en demic to cen-
tral Panama or to the en ti re nati on by con su l ting the ch eck-
list (D’ Arcy 1987).We cro s s - ch ecked each in the Trop i cos data-
base from the Mi s s o u ri Botanical Garden (ava i l a ble at Web
s i te m ob ot . m ob ot . o rg / W 3 T / S e a rch / va s t . h tm l) , and found that
m a ny listed as en demic in the ch ecklist have recen t ly been co l-
l ected el s ewh ere .O f the 1555 tree and shrub species that, ac-
cording to the ch eck l i s t , occur in the three po l i tical regi ons of
the canal waters h ed , 165 (10.6%) are en demic to Panama and
79 (5.1%) are en demic to the three regi on s ;h owever, f utu re
co ll ecting wi ll pre su m a bly redu ce these nu m bers . In plots are
630 species whose names we could match con f i den t ly with the
ch ecklist and Trop i co s ; just 27 are en demic to Panama (4.3%)
and seven to the three po l i tical regi ons (1.1%). Thu s , p l o t
s pecies are less en demic than nonplot spec i e s , wh i ch su g-
gests that the ra rest species are also more likely to be en-
dem i c . One plot species is a parti c u l a rly intere s ting en dem i c .
Eu genia nesioti c a, an easy-to - recogn i ze small tree in the Myr-
t ace ae , was de s c ri bed on Ba rro Co l orado Island in the 1930s.
It is com m on on the island, a ppe a ring in every one of the 50
i n d ivi dual hect a res of the large plot; a few indivi duals appe a r
in three plots in Soberania Na ti onal Pa rk 10 km aw ay, and it
has been ob s erved at two other sites just west of the canal (Au-
gustín Som oza [Autori d ad del Medio Am bi en te ,Pa n a m a ] , per-
s onal com mu n i c a ti on ,2 0 0 1 ) . It has not been recorded el s e-
wh ere .

In gen era l , the forests of the canal waters h ed have few
s pecies that are narrow en dem i c s , wh i ch is a plus in terms of
con s erva ti on . On the other hand, the forests have high bet a
d ivers i ty and many loc a lly ra re spec i e s , wh i ch makes con s er-
va ti on difficult. No one pro tected area can captu re most of t h e
tree spec i e s . However, the broad divi s i on bet ween the wet -
forest flora along the At l a n tic ri d ges and the main canal cor-
ri dor flora should be used as a con s erva ti on indicator (Pyke
et al. n . d . ) .L a r ge pro tected areas are loc a ted in both regi on s .
However, t h ere is con s i dera ble species tu rn over within each
broad flori s tic regi on (Pyke et al. n . d . ) . In parti c u l a r, t h ere are
a bo ut 100 species re s tri cted to the dri er forests of the Pac i f i c
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s i de of the canal corri dor, and there is almost no pro tected 
forest in that zone any wh ere in Pa n a m a . Camino de las Cru ce s
Na ti onal Pa rk (Figure 1) is the on ly pro tected area in Pa n a m a
in Pacific fore s t , and it is small and fra gm en ted . The fore s t s
just west of the canal on the Pacific coast should be a pri or-
i ty for futu re pro tecti on .

The avifauna 
In con trast to botanical ch eck l i s t s , the bi rd list is near com-
p l ete : 650 bi rd species are known from the Panama Canal wa-
ters h ed (Engelman et al. 1 9 9 5 ) , repre s en ting two - t h i rds of t h e
Panamanian avi f a u n a .O f t h e s e , 226 species are re s tri cted to
forests and are most at risk from defore s t a ti on . The forests of
the canal corri dor harbor 177 forest spec i e s , and the upper
Ch a gres and Campana are home to 168 spec i e s ,i n cluding 49
not known in the canal corri dor.

Fore s t - dwelling bi rd species ri chness in the canal corri dor
i n c reases from the dry Pacific slope forests to the wet ter
Ca ri bbean slope forests and peaks in Soberania Na ti on a l
Pa rk (Figure 1). The divers i ty in Soberania can be attri buted
to the habitat heterogen ei ty in the park — s econ d a ry and old-
growth fore s t ;s w a m p s ,s tre a m s , and uplands; and a mixtu re
of f l ori s tic el em ents of d ry Pacific forests at the south end of
the park and wet At l a n tic el em ents at the north en d .S pec i e s
ri chness is po s i tively rel a ted to annual ra i n f a ll , wh i ch is in tu rn
po s i tively rel a ted to distance from the Pacific Ocean (Ta ble 1).

The impact of forest fra gm en t a ti on on bi rd com mu n i ti e s
is evi dent in the canal waters h ed (Wi llis 1974, Ka rr 1982).

Sm a ll forest patches on both the Pacific and Ca ri bbean slope s
l ack large fracti ons of the forest bi rd com mu n i ty (Ta ble 1) and
tend to be dom i n a ted by com m on , wi dely distri buted fore s t
s pecies as well as species of the forest ed ge . Even com m on
s pecies have disappe a red from the largest isolated fra gm en t
in the canal area lowl a n d s , Ba rro Co l orado Is l a n d , wh i ch has
f a i l ed to sustain pop u l a ti ons of 35% of the species ori gi n a lly
pre s ent on the island’s 1567 ha (Robi n s on 1999). Fu rt h erm ore ,
f ra gm en t a ti on on an even larger scale may have disru pted the
a l ti tudinal migra tory movem ents of forest bi rds from the
foo t h i lls of Ch a gres Na ti onal Pa rk to the lowlands of t h e
canal corri dor fore s t s . In the dec ades since con s tru cti on of t h e
transisthmian highw ay discon n ected lowland forests in the
Ch a gres foo t h i lls from those in the canal are a , four species of
a l ti tudinal migrants that form erly occ u rred reg u l a rly in the
canal corri dor have ra rely been detected :t wo hu m m i n g bi rd s
(Eu tox eres aquila and Ph a et h o rnis guy) , a toucan (S el en i d era
s pe c a t a bi l i s) , and a thrush (Tu rdus albi coll i s) (Robi n s on et al.
2 0 0 0 ) .

Not all bi rd species of the canal waters h ed fall within the
pro tecti on of the nati onal park sys tem . In parti c u l a r, 1 4
s pecies are known on ly from forests along Ach i o te Road and
t h ree species on ly from Fort Sherman (Figure 2; these spec i e s
occur el s ewh ere in the worl d , but nowh ere else in the canal
w a ters h ed ) . Si n ce nei t h er of those forests is in a nati on a l
p a rk , t h ey could be devel oped in the near futu re . In con-
tra s t , no species are re s tri cted to forests of the dri er Pacific slope
fore s t s . Al t h o u gh a lack of u n i que species in dri er fore s t s
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Ta ble 1. C h a ra cteri s ti cs of the fo re s ted areas in wh i ch bi rd su rveys were co n du cte d . The figure in pa ren t h e ses after the site
name is the distance to the Pa cific coast (km); Chagres regions are large and the distance is from the approxi m a te
m i d po i n t . Ra i n f a l l is the annual mean ba sed on a regression su rf a ce fitted to data at 29 r a i n f a l l stations (Pyke et al. n . d . ) .
The po s i tive rel a tionship betwe en ri chness and ra i n f a l l is significant (F1 , 1 6 = 7.37, p = 0.015), as is a po s i tive rel a ti o n s h i p
betwe en ra i n f a l l and distance from the Pa cific coast (F1 , 1 6 = 168.5, p < 0.0001).

Forest patch A r e a Annual rainfall Fo r e s t - dwe l l i n g Fo r e s t - dwe l l e rs as 
(km distance to Pacific coast) L o c a t i o n ( h a ) ( m m ) bird species percentage of species

Kobbe (0.1) Canal corr i d o r 4 3 2 1 7 5 0 1 7 9 . 6
Farfan (3) Canal corr i d o r 2 1 1 7 5 0 1 3 7 . 3
Finca (4) Canal corr i d o r 3 7 1 7 5 0 2 0 1 1 . 9
Rodman (5) Canal corr i d o r 6 4 1 8 0 0 3 4 1 9 . 8
Corozal (7) Canal corr i d o r 6 2 1 8 1 0 3 9 2 2 . 0
Metropolitan Pa rk (5) Canal corr i d o r 1 9 0 1 8 1 0 5 1 2 9 . 4
Espinar (57) Canal corr i d o r 8 6 7 3 1 0 5 5 6 3 1 . 6
Madden (30) Outer wa t e rs h e d 5 1 8 2 4 0 7 6 4 3 6 . 7
D avis (55) Canal corr i d o r 5 4 1 3 0 2 2 6 9 3 9 . 0
H o ward (8) Canal corr i d o r 1 6 8 2 1 8 0 0 7 1 4 0 . 7
A t l a n t i c o - Pacifico (57) Canal corr i d o r 6 5 1 3 0 5 0 7 5 4 2 . 4
Camino de las Cruces NP (19) Canal corr i d o r 6 1 1 6 1 9 5 0 8 7 4 9 . 7
B a rro Colorado Island (44) Outer wa t e rs h e d 1 6 0 0 2 6 3 7 1 0 4 4 4 . 4
Empire Range (18) Outer wa t e rs h e d 1 5 , 0 2 0 2 1 0 0 1 2 1 6 7 . 8
Soberania NP south (26) Outer wa t e rs h e d 8 8 0 0 2 1 5 0 1 2 4 7 1 . 2
Fo rt Sherman (68) Canal corr i d o r 4 7 9 5 3 2 0 0 1 3 9 7 9 . 1
Achiote Road (67) Canal corr i d o r 9 0 8 5 3 1 0 0 1 5 7 8 8 . 7
Soberania NP north (46) Outer wa t e rs h e d 1 3 , 1 4 5 2 5 0 0 1 6 5 9 2 . 1
Altos de Campana NP (11) Outer wa t e rs h e d 3 5 2 5 2 5 0 0 1 0 4 u n k n o w n
Chagres NP lowlands (38) Outer wa t e rs h e d 7 5 , 0 0 0 2 8 5 0 1 7 2 u n k n o w n
Chagres NP foothills (38) Outer wa t e rs h e d 2 2 , 0 0 0 3 5 0 0 1 3 7 u n k n o w n

NP = National Pa rk



m i ght su ggest a lesser need to con s erve those forests for 
pro tecti on of bi rd divers i ty in the canal waters h ed ,i m port a n t
re a s ons for con s erva ti on rem a i n .F i rs t , as alre ady indicated for
plant con s erva ti on , l owland Pacific slope forests in the dry
p a rts of Panama have been almost com p l etely de s troyed .
Secon d ,s everal regi on a lly uncom m on species have their cen-
ters of a bu n d a n ce in Pacific slope forests and are ex trem ely
ra re in wet ter fore s t s ; examples inclu de the yell ow - green
tyra n nu l et (Phyll o sc a rtes flavovi ren s) ,s ep i a - c a pped flyc a tch er
(Leptopo gon amauro cep h a l u s) , l a n ce - t a i l ed manakin (C h i -
roxiphia lance ol ot a) , and ru fo u s - a n d - wh i te wren (T h ryot h o -
rus ru f a l bu s) . Th i rd , the abu n d a n ce of l on g - d i s t a n ce Neo trop-
ical migra tory bi rds is gre a ter in slope forests of the Pacific than
in those of the Ca ri bbean (Ka rr 1976, Petit et al. 1 9 9 9 ) . Ma ny
l on g - d i s t a n ce migrants spend more than half of e ach year in
Pa n a m a , and the bulk of the pop u l a ti ons of Ac adian fly-
c a tch ers (Empidonax vi re scen s) ,b ay - bre a s ted warbl ers (Den -
d roica castanea) , ch e s tnut - s i ded warbl ers (D. pen s ylva n i c a) ,a n d
Ken tu cky warbl ers (Opo ro rnis fo rm o su s) wi n ter in lowl a n d
Pa n a m a . Fo u rt h , the migra tory patterns of ye a r- round re s i-
dent species bet ween the Pacific and Ca ri bbean slopes have
been too little stu d i ed . Ma ny insectivorous species are though t
to move north to the wet ter Ca ri bbean slope du ring the
depths of the dry season wh en insect abu n d a n ce is low,
wh ereas some nect a rivorous and fru givorous species may
i n s te ad move south to the Pacific slope to take adva n t a ge of
a dry season peak in flower and fruit produ cti on (Ka rr and
Freem a rk 1983, Robi n s on et al. 2 0 0 0 ) .

S tudies in the canal waters h ed have produ ced mu ch of
the best evi den ce ava i l a ble on bi rd den s i ties in tropical for-
est (Robi n s on et al. 2 0 0 0 ) . We know in gen eral that trop i c a l
forest bi rd s — l i ke tropical forest tree s — a re ra re . In forests of
Soberania Na ti onal Pa rk , the most abundant species ra rely
re ach den s i ties gre a ter than one pair per hect a re , and 80% of
s pecies occur at den s i ties less than 10 pairs per 100 hect a re s
( Robi n s on et al. 2 0 0 0 ) . Thu s , the minimum forest area re-
qu i red to sustain pop u l a ti ons of a ll species over the lon g - term
must be large , on the order of 500 to 1000 km2 for some of
the ra rest species (Robi n s on et al. 2 0 0 0 ) .S pecies ri chness in
tracts small er than several thousand hect a res may con ti nu e
to decline as del ayed ef fects of i s o l a ti on , su ch as redu ced
breeding su cce s s ,l e ad to local ex ti n cti on (Wi llis 1974, Robi n-
s on 1999).

Some bi rds of the regi on are gl ob a lly ra re . The canal wa-
ters h ed overlaps three areas of bi rd en dem i s m , def i n ed as re-
gi ons wh ere bi rds with gl obal ra n ges less than 50,000 km2 a re
found (Statters f i eld et al. 1 9 9 8 ) .E l even of the 226 forest bi rd
s pecies in the waters h ed (4.9%) have re s tri cted ra n ges by
this def i n i ti on (Statters f i eld et al.1 9 9 8 ) . Most of these are com-
m on in foo t h i lls or high l a n d s ,i n cluding the high er el eva ti on s
of the waters h ed ’s peri ph ery, and have ra n ges ex tending as far
as eastern Costa Rica or eastern Pa n a m a . But one of t h e
s pec i e s , Xen o rnis seti f ro n s, the speck l ed antshri ke , is gl ob a lly
t h re a ten ed (Statters f i eld et al. 1 9 9 8 ) . It is known on ly from the
e a s tern ed ge of the waters h ed to the Co l om bian border, f rom
on ly a few site s , and it is never com m on .

Al t h o u gh on ly a handful of s pecies are known to have dis-
a ppe a red from the canal waters h ed and nei gh boring fore s t s
in the dec ades since the canal’s com p l eti on (Robi n s on et al.
2 0 0 0 ) , failing to pro tect a significant majori ty of the re-
maining forest tracts on both the Ca ri bbean and Pac i f i c
s l opes wi ll cert a i n ly cause furt h er redu cti ons in regi onal lev-
els of avian divers i ty. Lon g - term mainten a n ce of bi rd spec i e s
d ivers i ty in the canal waters h ed wi ll therefore requ i re pre s er-
va ti on of l a r ge forest tracts from ocean to ocean and ree s t a b-
l i s h m ent of a fore s ted corri dor from the lowlands of t h e
canal area to the Ch a gres lowlands and foo t h i ll s .

Am p h i bi a n s
Am ph i bi a n s , t h o u gh less diverse than trees or bi rd s , a re
k n own to be indicators of eco s ys tem altera ti on . Some of t h e
best lon g - term data ava i l a ble on tropical amph i bians have
come from studies in the canal waters h ed . Ni n ety - t h ree am-
ph i bian species—52% of the amph i bian fauna of Pa n a m a —
h ave been recorded within the waters h ed (Ibáñez et al. 1 9 9 4 ,
1 9 9 5 ,1 9 9 6 ,1 9 9 9 a ,1 9 9 9 b, n . d . ) ; these amph i bians com pri s e
86 frog, f ive salamander, and two cecilian spec i e s .S pecies di-
vers i ty in the lowland forests near the canal increases from the
d ry Pacific side to the wet ter Ca ri bbean side . Divers i ty pe a k s
in Soberania Na ti onal Pa rk , wh ere arid and humid trop i c a l
a m ph i bian assem bl a ges of l owland Cen tral Am erica mix
( Du ellman 1966, Myers 1979, Rand and Myers 1990), a pat-
tern that matches that for bi rds and ref l ects again the divers e
m i x tu re of forest in the park .

Ma ny amph i bian species are wi dely distri buted with re s pect
to el eva ti on in the canal are a : 54 species occur both in low-
land forests (less than 300 m el eva ti on) and high er. But 17
s pecies are re s tri cted to the lowl a n d s , and 22 to the mu ch less-
su rveyed high l a n d s . Just seven of the canal waters h ed ’s 93 am-
ph i bian species are found exclu s ively in non forest habi t a t
( gra s s l a n d ) . The remaining species are all forest dwell ers or
a s s oc i a ted with fore s t s ; these inclu de 65 species that occur ex-
clu s ively in forests and 21 more that occur both inside and out-
s i de the forest or at the gra s s l a n d – forest ed ge .

All but one of the 93 amph i bians in the canal area occ u r
in a pro tected are a . The excepti on is a den d rob a ti d , Phyll oba te s
l u g u b ri s, a species of Costa Rica and we s tern Panama wh o s e
ra n ge just re aches the we s tern ed ge of the canal waters h ed .F ive
o t h er species with very re s tri cted ra n ges occur in the water-
s h ed . Atel opus limosu s, A . zete k i, and an unde s c ri bed spec i e s
of Atel opu s a re en demic to Pa n a m a , a ll occ u rring at mid-
el eva ti on in a few forests ac ross the co u n try. Th ere are also
records from the waters h ed of t wo ad d i ti onal species pre s en t ly
con s i dered to be Panamanian en dem i c s , Bol i to glossa sch i zo -
d a ctyl a and Ra n a s p. (p i p i en s com p l ex ) ,t h o u gh their distri-
buti ons may ex tend to Costa Ri c a .

Am ph i bians have su f fered disappe a ra n ces and dra s tic pop-
u l a ti on declines at several sites around the world (Bl a u s tei n
and Wa ke 1990, Wa ke and Morowitz 1991, Houlahan et al.
2 0 0 0 ) . Th ere has been no clear indicati on ,h owever, that am-
ph i bian abu n d a n ce has dec re a s ed in the Panama Canal wa-
ters h ed . Am ph i bians were mon i tored du ring the 1998, 1 9 9 9 ,
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and 2000 dry seasons thro u gh vi sual en co u n ters along stre a m-
s i de tra n s ects at 10 sites loc a ted in the lowlands and high l a n d s ,
four of t h em previ o u s ly su rveyed in 1991 thro u gh1995 and
one in 1976 thro u gh 1978.Frogs con grega te along streams du r-
ing the dry season , and thus of fer an easy cen sus opportu n i ty.
Du ring the 1999 dry season , overa ll frog abu n d a n ce was low,
but this could be attri buted to an unu su a lly wet peri od that
d i s ru pted the con cen tra ti on of f rogs along stream margi n s .
Counts for 2000 were sti ll ra t h er low, a l t h o u gh high er than
for 1999; d ry season ra i n f a ll was very close to avera ge . Over-
a ll ,t h ere is no gen era l ,l on g - term decl i n e , and all species seen
in 1991 were pre s ent in 2000 (Ibáñez et al. 1 9 9 9 a ) . Frog pop-
u l a ti ons within the Panama Canal waters h ed appear not to
h ave been affected by the fungal pathogen that has dec i-
m a ted some species in the highlands of we s tern Panama and
in other parts of the world (Ber ger et al. 1 9 9 8 , Lips 1999).

The impa ct of h u n ti n g
Forests near the Pacific coast are fra gm en ted (Figure 1), s ec-
on d a ry, and heavi ly hu n ted . Hu n ting is modera te on the At-
l a n tic side of the canal corri dor and low in the rem o te wet
forests of Ch a gres Na ti onal Pa rk . The Ba rro Co l orado Na tu re
Monu m ent also su f fers little from hu n ti n g, thanks to con ti nu a l ,
i n tense patro lling by Sm i t h s onian guard s . Na ti onal parks are
no haven from hu n ti n g, and pro tected areas close to large citi e s
( Camino de las Cru ces and Soberania Na ti onal Pa rks) are
h e avi ly hu n ted . Counts along tra n s ects near the canal showed
a nega tive correl a ti on bet ween hu n ting pre s su re (as mea-
su red by co u n ting shotgun shells and intervi ewing park
g u a rds) and the den s i ty of s everal mammalian spec i e s ;h ow-
ever, den s i ties of l a r ge bi rds were not correl a ted (Wri ght et al.
2 0 0 0 ) . In gen era l , forests on the Pacific half of the isthmus have
few large mammals of a ny species and are en ti rely missing sev-
eral large vertebra te s . In con tra s t , the rem o te Ch a gres fore s t s
su pport pop u l a ti ons of jaguar (Pa n t h era onca) , h a rpy eagl e
(Ha rpia harpyja) , wh i te - l i pped pecc a ry (Taya s su pe c a ri) ,a n d
most other large mammals and bi rds native to the are a . Th i s
m ay be due both to less hu n ting pre s su re and to the larger ar-
eas of i n t act forest in Ch a gres Na ti onal Pa rk (Ibáñez et al.
1 9 9 9 a ) .

We know from one well - s tu d i ed sys tem that hu n ting can
h ave an impact beyond that on vertebra te pop u l a ti on s . In par-
ti c u l a r, s eeds of t wo palm species acc u mu l a ted beneath tree
c a n opies in hu n ted are a s , wh ereas seeds were carri ed aw ay at
Ba rro Co l orado. Evi den t ly, hu n ters have gre a t ly redu ced dis-
pers er pop u l a ti ons of these palms. As a re su l t , the palms re-
c ruit far more seedl i n gs in hu n ted areas (Wri ght et al. 2 0 0 0 ) ,
su gge s ting that hu n ting could lead to ch a n ges in tree spec i e s
com po s i ti on (Robi n s on et al. 1 9 9 9 ) . Ma ny plant species have
s eeds dispers ed by large vertebra te s , and we su s pect that
m ore examples of the impact of hu n ting on tree rec ru i tm en t
wi ll come to ligh t .

Human popu l a ti o n
In 1990 the human pop u l a ti on of the Panama Canal water-
s h ed was 113,000 and proj ected to re ach 166,000 by the 2000

cen sus (Ibáñez et al. 1 9 9 9 a ) . The annual ra te of pop u l a ti on
i n c rease in the waters h ed bet ween 1980 and 1990, 3 . 8 % ,w a s
mu ch high er than the pop u l a ti on growth of the en ti re co u n-
try (2.1%) or the metropolitan area of Panama Ci ty (2.7%).
The waters h ed ’s very high growth is due to a large influx of
people into two towns—Las Cu m bres and Ch i l i bre — wh i ch
a re at the nort h ern ed ge of the Panama Ci ty urban area and
its 1.1 mill i on people (Figure 2).

But ru ral areas of the waters h ed are also growi n g. Th e
we s tern part of the canal waters h ed consists on ly of s m a ll ru ra l
com mu n i ties (Figure 2), and the pop u l a ti on there grew from
15,799 to 19,640 bet ween 1980 and 1990 (2.2% per ye a r ) .Th e
nu m ber of people living inside park bo u n d a ries ex p a n ded
f rom 1100 in 1980 to 2300 in 1990 (inclu ded in the 1980 fig-
u re are people who lived in towns now inside Ch a gres Na ti on a l
Pa rk , wh i ch was establ i s h ed on ly in 1984). The nu m ber liv-
ing within 6 km of n a ti onal parks grew from 23,000 to 35,000
in the same dec ade , or by 4.2% per year (Heck adon - Moren o
et al. 1 9 9 9 , Ibáñez et al. 1 9 9 9 a ) .

Ru ral areas are largely defore s ted , yet very little of t h e
cl e a red land produ ces crop s . Re s e a rch ers reported in 1999 that
59% of the land in one ru ral com mu n i ty east of Soberania Na-
ti onal Pa rk was pastu re for cattle, 27% was abandon ed fiel d
of the introdu ced grass S a cch a rum spo n t a n eu m, and less than
1% was used for growing veget a ble crops (Heck adon - Moren o
et al. 1 9 9 9 , Ibáñez et al. 1 9 9 9 a ) . This does not inclu de crop s
grown in ga rdens immed i a tely ad jacent to dwell i n gs , wh i ch
could not be seen in aerial ph o togra ph s , but this crop source
could not con s ti tute more than 5% of the total land are a .

Th ere is no sew a ge tre a tm ent in the waters h ed of t h e
Panama Ca n a l , with the single excepti on of the Sm i t h s on i a n
Tropical Re s e a rch In s ti tute’s fac i l i ty on Ba rro Co l orado Is l a n d .
In du s tries dump wastew a ter direct ly into the Ch i l i bre River
( Heck adon - Moreno et al. 1 9 9 9 , Ibáñez et al. 1 9 9 9 a ) . Mo s t
houses have septic tanks, but there is ample evi den ce of l e a k-
a ge . Ma ny com mu n i ties have no waste pick u p, and large piles
of u n covered ga rb a ge acc u mu l a te (Heck adon - Moreno et al.
1 9 9 9 , Ibáñez et al. 1 9 9 9 a ) . Fortu n a tely, most of the streams of
the canal waters h ed have on ly small human set t l em en t s
n e a rby and no indu s trial establ i s h m en t s , so rivers rem a i n
f a i rly clean except for those near Ch i l i bre and Las Cu m bre s ,
wh i ch are severely con t a m i n a ted and unsu i t a ble for any hu-
man use (Ibáñez et al. 1 9 9 9 a ) .

The canal’s wa ter su pply
Total ru n of f over the canal waters h ed is 4.4 × 1 09 m3 of w a-
ter annu a lly. More than half of t h i s , 2.6 × 1 09 m3, is used to
f i ll the locks—191,000 m3 e ach time a ship passes, 37 ti m e s
a day. An ad d i ti onal 1.2 × 1 09 m3 of w a ter is used to gen era te
el ectri c i ty at the Gatun Dam for canal opera ti on s , and 0.27
× 1 09 m3 is proce s s ed for drinking water (Ibáñez et al. 1 9 9 9 a ) .

In 1982, a dry year accom p a nying a strong El Niño even t ,
the si× main rivers feeding the canal carri ed just 1.8 × 1 09 m3

of w a ter, 25% bel ow their lon g - term avera ge . If the en ti re wa-
ters h ed su f fered a similar redu cti on (data are ava i l a ble for on ly
those rivers ) , the 4.4 × 1 09 m3 typ i c a lly ava i l a ble would be 
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redu ced to just 3.3 × 1 09 m3 of w a ter, less than the 4.1 × 1 09

m3 n eeded to fill lock s , gen era te el ectri c i ty, and produ ce
d rinking water. Cl e a rly, the water bu d get for the canal is ti gh t
en o u gh that ch a n ges in ru n of f or sed i m en t a ti on caused by
land use are a serious con cern .

The major natu ral re s o u rce con cern ra i s ed abo ut the canal
is wh et h er defore s t a ti on wi ll increase siltati on , wh i ch wo u l d
redu ce water stora ge capac i ty and raise the cost of d red gi n g.
In vi ew of this con cern , the Panama Canal Com m i s s i on
s t a rted co ll ecting data on sed i m ent loads in 1981 (Tut z a u er
1990) and the waters h ed mon i toring proj ect analy zed those
d a t a . The data for 16 ye a rs show no trend tow a rd incre a s ed
s ed i m en t a ti on , su pporting Tut z a u er ’s (1990) earl i er analys i s .
Ra t h er, a n nual sed i m ent loads flu ctu a te dra m a ti c a lly as a
f u n cti on of ra i n f a ll pattern s .A model using total ra i n f a ll and
the nu m ber of d ays of i n tense storms as indepen dent va ri a bl e s
acc u ra tely pred i cts total sed i m ent loads (Ibáñez et al. 1 9 9 9 a ) .
The rel a ti onship bet ween ra i n f a ll inten s i ty and landslide
even t s , wh i ch was doc u m en ted in Pu erto Ri co, form ed the ba-
sis for our model (Lars en and Si m on 1993, L a rs on and Tor-
res Sa n chez 1998).

But defore s t a ti on has a secon d , m ore direct impact on
w a ter re s o u rce s : It alters tem poral patterns of f l ow. We dem on-
s tra ted this impact in a waters h ed at the bo u n d a ry of the nort h
end of Soberania Na ti onal Pa rk . In a defore s ted catch m en t ,
26% of i n c i dent rain en tered streams almost immed i a tely,
while on ly 14% did so in an ad jacent fore s ted catch m en t
m a tching in topogra phy and geo l ogy (Ibáñez et al. 1 9 9 9 a ) . As
a re su l t ,s tream flow du ring the wet season was high er in the
defore s ted catch m ent than in the fore s ted on e , while the pat-
tern revers ed in the dry season . It is likely that furt h er defor-
e s t a ti on thro u gh o ut the waters h ed would redu ce dry season
w a ter su pplies to the canal; a large-scale hyd ro l ogical model
is being devel oped that wi ll pred i ct this impact . Si n ce dry sea-
s on water su pp ly is the major con cern for canal opera ti on —
the on ly re a s on canal use has ever been limited—this issue ap-
pe a rs to be far more important than the siltati on issu e . It is
perhaps unfortu n a te that early papers warning abo ut defor-
e s t a ti on (Wad s worth 1978) foc u s ed on incre a s ed siltati on
i n s te ad of redu ced dry season flow.

Gre en h ou se ga ses and refo re s t a ti o n
Forests in the canal area of Panama have 280 Mg (mega-
grams) dry wei ght per ha of a boveground bi om a s s , wh et h er
o l d - growth or matu re secon d a ry forest more than abo ut 100
ye a rs old. An nual aboveground produ cti on of wood in ma-
tu re forest is 5 Mg per ha, and an ad d i ti onal 12 Mg per ha is
produ ced as leaf l i t ter and fruit (Lei gh 1999). Bel owgro u n d
bi omass has not been measu red , but it prob a bly adds 25% to
these figure s . Ab a n don ed fields of t a ll grass have 50 Mg dry
bi omass per ha; no one has esti m a ted bi omass of f a rm l a n d ,
but it is prob a bly a good deal lower. Bel owground bi omass in
grasslands is not known . Ma tu re plantati ons hold abo ut as
mu ch bi omass as fore s t s , but because plantati on land is har-
ve s ted , it holds, on avera ge , a bo ut half this bi omass 
( Kraen zel 2000).

These esti m a tes all ow calculati on of the po ten tial va lue of
canal area land in terms of c a rbon sequ e s tra ti on . The 130,000
ha of grassland and farmland could store another 100–200 Mg
of d ry wei ght per ha if refore s ted . Grasslands are non pro-
du ctive or very low in produ ctivi ty in many areas in cen tra l
Pa n a m a , and convers i on to forest would mean little loss in
terms of a gri c u l tu re . However, tree regen era ti on is inhibi ted ,
m o s t ly by anthropogenic fire s . In most of the canal regi on ,
a b a n don ed grasslands or shru blands bu rn du ring the dry
s e a s on . Even in the absen ce of f i re ,t h o u gh , tree regen era ti on
is slow because of an interacti on bet ween seed dispersal and
s eedling rec ru i tm en t : Sm a ll - s eeded species are dispers ed into
grasslands in abu n d a n ce , but their seedl i n gs cannot com-
pete with the gra s s ;s ome large - s eeded species can su rvive in
the gra s s l a n d , but they are ra rely dispers ed there . Na tu ra l
re s tora ti on of forest and its bi omass in Panama grasslands is
t hus slow or non ex i s tent and requ i res some kind of m a n-
a gem ent—at a minimu m , f i re con tro l . Al t h o u gh re s tori n g
forests or growing plantati ons is thus en ti rely ben eficial in the
l ong ru n — for carbon stora ge , com m ercial wood produ c-
ti on , and con s erva ti on of the local flora and fauna—it requ i re s
s h ort - term inve s tm en t .

The Panama Canal area has another important role in the
greenhouse gas cycle because of the large re s ervoi rs that store
w a ter for the canal. Two large dams impound water; one cre-
a ted Lake Gatun in 1910 and provi ded the water over wh i ch
ships travel , and the second was built in 1949 to cre a te Lake
Al h a ju ela for water stora ge . The small lakes and swamps
a round these two large lakes produ ce large qu a n ti ties of
m ethane—a po tent greenhouse ga s — f rom dec aying aqu a ti c
veget a ti on . Re s ervoi rs are a source of 400–1800 kg • ha • yr,
m o s t ly in shall ow water (Kell er and Stall a rd 1994). Si n ce
forests are slight methane sinks, a b s orbing abo ut 4 kg • ha •
yr, convers i on of forest to re s ervoir provi des a large met h a n e
s o u rce (Kell er et al. 1 9 9 0 ) . But lakes should also be carbon
s i n k s , via eutroph i c a ti on caused by sed i m ent input from po l-
luti on or ero s i on (Stall a rd 1998). Acc u mu l a ti on of plant bi o-
mass and or ganic sed i m ent at the lake bo t tom would store car-
bon , but calculating how mu ch it would store requ i re s
k n owing the carbon con cen tra ti on of the sed i m en t s . If s pre ad
u n i form ly over the lake bo t tom s , the mineral sed i m ent con-
tri buted by all the rivers in the waters h ed would acc u mu l a te
23 Mg per ha annu a lly. If this sed i m ent were or ga n i c - c a rbon
poor, at abo ut 2% by wei gh t ,t h en 0.46 Mg per ha of c a rbon
would acc u mu l a te each ye a r; but if it were ri ch er in or ga n i c
c a rbon , at abo ut 25%, t h ere would be 5.5 Mg per ha of c a r-
bon . This acc u mu l a ti on of s ed i m ent and carbon should con-
ti nue until the lakes fill , po s s i bly storing more carbon than
t h ere was in the preex i s ting fore s t .

Co n cl u s i o n s
On the po s i tive side ,m ore than half of the Panama Canal wa-
ters h ed is covered in fore s t , mu ch in large con tiguous bl ock s ,
and there a remains a nearly unbro ken band of forest con-
n ecting the At l a n tic and Pacific Oce a n s . A su b s t a n tial porti on
is old-growth forest that is little used by peop l e , wh ere even
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the most sen s i tive species of l a r ge mammals and bi rds per-
s i s t . The forests pro tect the water su pp ly, su pport fisheries and
hu n ti n g, a re va lu a ble in terms of to u ri s m , and con s erve the
h i gh species divers i ty of the Panama Canal eco s ys tem . The high
beta divers i ty of tree s , and the need of m i gra tory bi rds for wet -
d ry corri dors , both unders core the need for ex ten s ive areas to
be pro tected—no one pro tected area can su pport a high pro-
porti on of the tree , bi rd , or amph i bian species now living in
the canal waters h ed .

Fortu n a tely, the ex i s ting sys tem of pro tected areas is ex-
ten s ive and covers a wi de ra n ge of cl i m a te and fore s t s . Th e
we a kest link is near the Pacific coa s t , wh ere the largest bl ock
of forest re aching the shoreline is not pro tected (Figure 1).
Si n ce dri er forests of Cen tral Am erica are essen ti a lly gon e ,t h e
forests near Panama Ci ty should be a top pri ori ty for con-
s erva ti on . We also recom m end that areas of l ow human den-
s i ty on the Santa Rita ri d ge and near Cerro Campana be
ad ded to the park sys tem , because these would con tri bute to
a forest corri dor that runs the length of Cen tral Am eri c a . Th e
ex i s ting nati onal parks need vi gorous pro tecti on , bec a u s e
hu n ting and fishing in parks is a wi de s pre ad practi ce .

On the nega tive side , the human pop u l a ti on of the water-
s h ed is growing at a high ra te , and unless this trend is mirac-
u l o u s ly revers ed , forest loss, hu n ti n g, and con t a m i n a ti on wi ll
s pre ad in the next few dec ade s . Rapid urban devel opm ent near
Panama Ci ty wi ll most likely lead to furt h er defore s t a ti on near
the Pacific side of the canal. Even ru ral areas are becom i n g
m ore den s ely pop u l a ted .G iving expanding pop u l a ti on s ,s o-
cial ch a n ges rel evant to con s erva ti on are even more cri ti c a l .
A bet ter social stru ctu re — f rom regular trash co ll ecti on to en-
forcem ent of land-use reg u l a ti on s — n eeds to be devel oped
( Ibáñez et al. 1 9 9 9 a ) . Hu n ting and fishing need to be man-
a ged . Inve s tm ent in refore s ting unprodu ctive gra s s l a n d s
should be en co u ra ged . All of these ef forts tow a rd land man-
a gem ent would almost cert a i n ly lead to lon g - term payof fs .

The essen ce of con s erving bi od ivers i ty and pre s erving an
ef fectively functi oning canal is pro tecti on of as mu ch fore s t
as po s s i bl e . Loss of fore s t s , ei t h er thro u gh convers i on for
econ omic devel opm ent or pre s su re from a bu r geoning hu m a n
pop u l a ti on , wi ll lead to su b s t a n tial losses of bi od ivers i ty. At
this ben ch m a rk in the history of the Panama Canal eco s ys-
tem , the govern m ent of Panama has difficult dec i s i ons to
m a ke . How wi ll the opportu n i ties for econ omic devel op-
m ent be recon c i l ed with the de s i re to maintain the natu ral flora
and fauna and pre s erve clean and functi oning eco s ys tems? Th e
world is watch i n g.
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