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Abs tract

In this pa per we exa mi ned the tem po ral and spa tial en vi ron men tal struc tu re of the la go on
sys tem at Huma cao Natu ral Reser ve (HNR), Puer to Rico un der a res tric ted, im po sed wa ter- flow
re gi me to de ter mi ne if: 1) the la go on sys tem main tai ned its es tua ri ne con di tions, 2) the re were de -
fi ned en vi ron men tal gra dients along the lon gi tu di nal dis tri bu tion of the la go ons, and 3) the re
were hypo- or hyperha li ne con di tions in the la go on sys tem. We co llec ted en vi ron men tal data as
part of a broad pro ject effort to eva lua te the fishe ries of the HNR. Data were analyzed with analysis 
of va rian ce using mi xed li near mo dels and prin ci pal com po nents analysis. Two sub-sys tems
envi ron men ta lly diffe rent were iden ti fied in the HNR la go on sys tem: Man dri Sys tem (Man dri 1, 2,
and 3 la go ons), and San ta Te re sa Sys tem (San ta Te re sa 1 and 2 la go ons). The la go on sys tem at
HNR kept its es tua ri ne con di tions un der low le vels of pre ci pi ta tion and long- term iso la tion from
the sea. The re was a sa li nity gra dient; sali nity de crea sed as we mo ved along the li near se ries of la -
go ons from Man dri 1 to San ta Te re sa 2. The en vi ron men tal struc tu re of the la go ons chan ged as a
con se quen ce of the in ter pla ying effect of pre ci pi ta tion and eva po ra tion; either hypo- or hyperha li -
ne con di tions that could even tua lly li mit fish and in ver te bra te commu ni ties were not di rec tly
mea su red in the HNR la go on sys tem. Dissol ved oxygen was suffi ciently high to support even tho -
se spe cies most sen si ti ve to hypo xia; we ne ver re cor ded hypo xia (<2 mg/L of dissol ved oxygen).
Un der the pre vai ling ex cep tio nal en vi ron men tal con di tions, the HNR la go on sys tem offe red suffi -
cient spa tio tem po ral struc tu re to fish and in ver te bra te po pu la tions to de ve lop.

Key words: Ca ribbean Sea; Coas tal la go on; envi ron men tal struc tu re, PCA;
physi co che mi cal gra dient, Puer to Rico.

Es truc tu ra es pa cio- tem po ral del sis te ma la gu nar
de la Re ser va Na tu ral de Hu ma cao, Puer to Rico

Re su men

Exami na mos la es truc tu ra tem po ral y espacial del sis te ma la gu nar de la Re ser va Na tu ral
de Hu ma cao (RNH), Puer to Rico bajo un régi men de flu jo de agua res trin gi do e im pues to para
de ter mi nar si: 1) el sis te ma la gu nar man te nía sus con di cio nes es tua ri nas, 2) ha bían gra dientes
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am bien ta les de fi ni dos a lo lar go de la dis tri bu ción lon gi tu di nal de las la gu nas, y 3) ha bía con di -
cio nes hi po- o hi per sa li nas en el sis te ma la gu nar. Co lec ta mos da tos am bien ta les como par te de
un pro yec to para eva luar las pes que rías de la RNH. Los da tos fue ron ana li za dos con aná li sis de
va rian za usan do mo de los li nea les mez cla dos y aná li sis de com po nen tes prin ci pa les. Se iden ti fi -
ca ron dos sub sis te mas am bien tal men te di fe ren tes: el sub sis te ma Man dri (la gu nas Man dri 1, 2, 
y 3) y el sub sis te ma San ta Te re sa (la gu nas San ta Te re sa 1 y 2). El sis te ma la gu nar de la RNH
man tu vo sus con di cio nes es tua ri nas bajo ni ve les de pre ci pi ta ción re du ci da y lar go ais la mien to
del mar. Se iden ti fi có un gra dien te de sa li ni dad; la sa li ni dad de cre cía a me di da que nos mo vía -
mos a lo lar go de la se rie li neal de la gu nas des de Man dri 1 has ta San ta Te re sa 2. La es truc tu ra
am bien tal de las la gu nas cam bió como con se cuen cia de la interre la ción de la pre ci pi ta ción y la
eva po ra ción; no se re por ta ron con di cio nes hi po- o hi per sa li nas que pu die ran li mi tar las co mu -
ni da des de pe ces e in ver te bra dos. El oxí ge no di suel to fue su fi cien te men te alto como para so por -
tar aún aque llas es pe cies más sen si bles a hi po xia; nun ca de tec ta mos hi po xia (<2 mg/L de oxí -
ge no di suel to). Bajo las con di cio nes am bien ta les ex cep cio na les pre va le cien tes, el sis te ma la gu -
nar de la RNH ofre ció su fi cien te es truc tu ra es pa cio- tem po ral para el de sa rro llo de po bla cio nes
de pe ces e in ver te bra dos.

Pa la bras cla ve: Es truc tu ra am bien tal; gra dien te fi si co quí mi co; la gu na cos te ra; PCA;
Puer to Rico; Mar Ca ri be.

In tro duc tion

A sig nifi cant body of lit era ture ex ists on 
the im por tance of hy drol ogy for wet land de -
vel op ment and func tion (1-6). Hy drol ogy is
re spon si ble for most physi cal and chemi cal
fea tures of wet lands, in clud ing tidal in un -
da tion pat terns, wa ter depth, and cur rent
speed (6). Hy drol ogy de ter mines vege ta tion
com po si tion and af fects pri mary pro duc tiv -
ity, ac cu mu la tion of or ganic ma te rial, de -
com po si tion, nu tri ent cy cling and nu tri ent
avail abil ity, among other eco sys tem func -
tions (5). These habi tat fea tures af fect the
de gree of use by fish and in ver te brates, in -
clud ing pat terns of dis tri bu tion (3), po ten -
tial for colo ni za tion and growth, sup port of
food chains, ref uges from pre da tion, re pro -
duc tion, and nurs ery func tions (6).

An other key fac tor in main tain ing bio -
di ver sity and nurs ery func tion of es tu ar ies
in coastal sys tems is regu lar con tact with
the ma rine en vi ron ment (7). This con nec -
tivity al lows suc cess ful re cruit ment of ma -
rine or gan isms into the sys tem and the in -
flow of sa line wa ter nec es sary for main tain -
ing a sa lin ity gra di ent and es tu ar ine con di -

tions (8). As pointed out by Whit field and
Bruton (9), the con tin ued proper func tion ing 
of es tu ar ies also re lies on the main te nance of 
the natu ral dy na mism and the os cil lat ing
phases im posed on such sys tems by fresh -
wa ter and ma rine in flu ences. When this pat -
tern is dis turbed, natu rally or an thro po geni -
cally, changes can oc cur in the es tu ar ine en -
vi ron ment of ten ad versely af fect ing the es tu -
ar ine com mu nity. Fluc tua tions in sa lin ity,
for ex am ple, are re garded as a ma jor fac tor
gov ern ing the di ver sity and abun dance of
fish in es tu ar ies (10).

Hu ma cao Natu ral Re serve (HNR),
Puerto Rico, has a brack ish wa ter la goon sys -
tem that was cre ated by Hur ri cane David and 
Tropi cal Storm Fre der ick in 1979. Im por tant
fish er ies have de vel oped in the HNR la goon
sys tem, most of them sup ported by ma rine
spe cies us ing the la goons as nurs ery ar eas.
Pre vi ous to our study, con nec tions be tween
the la goon sys tem and the Car ib bean Sea
(i.e., Boca Pri eta and Frontera ca nals) were
in ter mit tent, with pe ri ods of clos ing and
open ing fol low ing natu ral rhythms of me te -
oro logi cal and hy dro logi cal events. These
rhythms al lowed the HNR la goon sys tem to
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keep a puls ing water- flow re gime in two in -
lets con nec tions at HNR. In early 2000, the
U. S. Army Corps of En gi neers (USACE) ini ti -
ated a flood con trol proj ect, per ma nently
closed the main con nec tion (Boca Pri eta Ca -
nal) of the HNR la goon sys tem with the sea
while con struct ing a new con nec tion. The
other small in let (Frontera Ca nal) was
blocked by natu ral lev ees cre ated by the ac -
cu mu la tion of sand from long- shore cur -
rents. This flood con trol proj ect ini ti ated by
the USACE and its ef fects on the la goon in
HNR rep re sents a ma jor land scape ma nipu -
la tion be cause of its po ten tial ef fect on fish er -
ies and avail able wet land habi tat due to al -
tera tion of hy drol ogy and con nec tions of the
HNR la goon sys tem to the sea.

A per ma nent con nec tion with the sea
at HNR may af fect or gan isms adapted to the
wa ter pulse (e.g., by in creas ing sa lin ity), and 
re duce water- flow en ergy nec es sary to
main tain the la goon sys tem pro duc tiv ity
(11), and from an eco logi cal per spec tive it is
im por tant to as sess the cur rent eco logi cal
func tion al ity of the la goon sys tem rela tive to
en vi ron mental con di tions (12). Un der stand -
ing the cur rent eco logi cal status of the HNR
la goon sys tem is es sen tial to ad vance
knowl edge of com mu nity and eco sys tem
ecol ogy for fu ture ap pli ca tion in the man -
age ment of the HNR la goon sys tem.

In this pa per we ex am ine the tem po ral
and spa tial en vi ron mental sta bil ity of the
HNR la goon sys tem. Be cause of the natu ral
and tem po ral dy nam ics in wa ter level and
habi tat con di tions in coastal la goons, the role
of con nec tivity among habi tats should be un -
der stood (13). Tem po ral and spa tial pat terns
de ter mine how a given habi tat fea ture in flu -
ences bi ota. For ex am ple, greater am pli tude
and du ra tion of water- level fluc tua tion in a
marsh lead to ex tended pe ri ods of emersed
vege ta tion pro duc tion, fol lowed by pe ri ods of
hy poxia as so ci ated with plant de cay dur ing
re flood ing (13). Three in ter re lated spe cific
ques tions were ad dressed in our study: 1) did
the HNR la goon sys tem main tain its es tu ar ine 
con di tions un der the re stricted, im posed

water- flow re gime, 2) were there de fined en vi -
ron mental gra di ents along the lon gi tu di nal
dis tri bu tion of the la goons un der the re -
stricted, im posed water- flow re gime, and 3)
were there hypo- or hy per haline con di tions in
the la goon sys tem un der the re stricted, im -
posed water- flow re gime?

Ma te rials and Methods

Hu ma cao Natu ral Re serve is lo cated in
east ern Puerto Rico (Fig ure 1), within a his -
toric coastal plain es tu ary formed by three
in ter con nected val leys and drain ages, the
Blanco and Antón Ruiz riv ers and Frontera
Creek [United States De part ment of Com -
merce (USDC) and Puerto Rico De part ment
of Natu ral and En vi ron men tal Re sources
[(DNER); 14]. Six la goons, en com pass ing
249 ha, com pose the sys tem: Man dri 1, 2,
and 3; Santa Teresa 1 and 2; and Pal mas.
The la goons are ar ranged in a se ries that
con nects to the Car ib bean Sea dur ing pe ri -
ods of sub stan tial pre cipi ta tion. Sa lin ity
through out the la goon sys tem is in flu enced
by fresh wa ter run off, salt wa ter in tru sion,
and tides, and it is par ticu larly vari able dur -
ing pe ri ods of sub stan tial pre cipi ta tion when 
the riv ers con nect the en tire sys tem with the
sea. Tides typi cally do not af fect the hy drol -
ogy of the la goons be cause the con nec tions
usu ally are closed to the sea.

En vi ron men tal data were col lected as
part of a proj ect ef fort to evalu ate the fish er -
ies of the HNR, which in cluded sev eral
strate gies and sam pling gears (e.g., light
traps, pop nets, sein ing). How ever, only en vi -
ron mental data col lected at each light trap
site were ana lyzed in this pa per. Light traps
were set monthly at spe cific mi cro habi tats
iden ti fied in each la goon in the af ter noon
(~3-h be fore sun set) and re trieved the next
morn ing (~1-h af ter sun rise) from May 2000
through April 2001. Seven mi cro habi tats
were iden ti fied us ing domi nant vege ta tion in 
the la goon sys tem: man grove (red man grove, 
Rhizo phora man gle and white man grove, La -
gun cu laria ra ce mosa), cat tail (Ty pha dom -
inguen sis), na jas (Na jas sp.), chara (Chara
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sp.), wa ter hya cinth (Ei chor nia cras sipes),
cord grass (Spar tina sp.), and fern (Acros ti -
cum sp.). Vari ables meas ured within mi cro -
habi tats were: depth (m), Sec chi trans par -
ency (m), wa ter tem pera ture (°C), dis solved
oxy gen (mg/L), spe cific con duc tance
(µS/cm), sa lin ity (ppt), to tal dis solved sol ids
(g/L), tur bid ity (NTU), pH, and dis solved
oxy gen per cent satu ra tion. Depth was
meas ured with a sta dia rod, and the re main -
ing vari ables with a Hy dro lab (Hy dro lab
Cor po ra tion, Aus tin, Texas). Depth and Sec -
chi trans par ency were taken only in the
morn ing, whereas the rest of vari ables were
taken in the morn ing and in the af ter noon.
Re cords of la goon sys tem wa ter lev els were
taken weekly from a depth gauge at the ca -

nal in front of HNR head quar ters. Daily pre -
cipi ta tion data were ob tained from the DNER 
rec ords at HNR. The pre cipi ta tion data en -
com passed the pe riod 1988 through 2001,
and were used to cal cu late monthly av er age
pre cipi ta tion for the 12 years (1988- 1999)
pre ced ing my study, as well as for my study
pe riod.

Data analyses

Data were ana lyzed with analy sis of
vari ance (ANOVA) and prin ci pal com po -
nents analy sis (PCA). All ANO VAs were done 
with Sta tis ti cal Analy sis Sys tem (SAS), Ver -
sion 8.02 (SAS In sti tute, Inc.; 15). Sig nifi -
cance for all analy ses was de clared at a=
0.05. All en vi ron mental vari ables were com -
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pared with two- way mixed- model ANO VAs
(PROC MIXED). Mixed mod els with re -
peated and ran dom state ments, and mixed
mod els with only ran dom state ments were
ap plied to each vari able, and mod els with
the lower Akaike’s In for ma tion Cri te rion
were se lected. All ANO VAs un der ly ing as -
sump tions were tested; vari ables were
trans formed (e.g., loge- and/or square
root- transformation, which ever was more
ap pro pri ate) if treat ment ex hib ited non-
 normality and/or het ero ge ne ity of vari -
ances. When means dif fered sig nifi cantly, a 
least square means (LSMEANS) ap proach
was used to de ter mine which means dif -
fered.

Data were split into rainy sea son (May
2000 and January- April 2001) and dry sea -
son (June- December 2000) to in ves ti gate
sea sonal ef fects. Each en vi ron mental vari -
able was tested for dif fer ences be tween sea -
sons with a paired- samples Stu dent’s t- test
(PROC MEANS).

Prin ci pal com po nents analy sis has
proven to be a valu able tool in iden ti fy ing
and as sess ing inter- correlations among the
vari ables of in ter est (16). Prin ci pal com po -
nents analy sis com bines a large number of
cor re lated vari ables to gen er ate axes rep re -
sent ing types or groups of vari ables. Each
axis ac counts for more of the to tal vari ance
in the data set than does any one of the in di -
vid ual vari ables. An in di ca tion of how
strongly a vari able con trib utes to its axis is
re flected by a cor re la tion value. Vari ables
with ei ther high posi tive or high nega tive
cor re la tions strongly con trib ute to the axis
in ques tion. The PCA on the en vi ron mental
vari ables was con ducted in PC- ORD V.4.20
(17) from the cor re la tion ma trix with scores
stan dard ized to unit vari ance. A 129 x 18
ma trix (129 sites, 18 en vi ron mental vari -
ables; en vi ron mental vari ables taken in the
morn ing and in the af ter noon were in tro -
duced in the cor re la tion ma trix as in di vid ual 
vari ables) was cre ated for this analy sis.
Inter- correlation be tween en vi ron mental
vari ables was tested with PROC CORR; the

broken- stick model (18) was used to evalu -
ate the rela tive in ter pret abil ity of the or di na -
tion re sults.

Re sults

Over 59% (93 out of 156 cm) of all pre -
cipi ta tion dur ing the study oc curred be -
tween May and Sep tem ber 2000. The wet test 
months were May, August, and Sep tem ber
2000, when to tal pre cipi ta tion was 53%
higher than the 12- yr av er age (24.3 vs. 15.9
cm). The dri est month was De cem ber 2000,
when to tal pre cipi ta tion was 45% lower than
the 12- yr av er age (7.3 vs. 13.2 cm). Over all,
2000 was a drier year with a 26- cm (16%)
pre cipi ta tion defi cit rela tive to 1988- 1999.

As in di cated above, dur ing our study
pe riod con nec tions of the la goon sys tem with 
the Car ib bean Sea were typi cally closed. In
August 2000, Hur ri cane Debby in duced a
sub stan tial in crease in the wa ter level of the
la goon sys tem (Fig ure 2A), al though it did
not force the en trance to open. Be tween late
March and early April 2001, the USACE fi -
nal ized the con struc tion of the new ca nal
con nect ing the la goon sys tem with the sea
and me chani cally opened the en trance for a
few days, which re sulted in a grad ual de clin -
ing of the wa ter level (Figure 2A). Thus, un til
the end of our study, the HNR la goon sys tem
was iso lated from the sea and there fore fluc -
tua tions in the la goon wa ter lev els were pri -
mar ily as so ci ated with rainy and dry pe ri -
ods, and were in de pend ent of tides from the
Car ib bean Sea.

Mean val ues for all en vi ron mental vari -
ables are shown in Ta ble 1. There were dif -
fer ences among months for all vari ables and
among la goons for all vari ables ex cept for
dis solved oxy gen and dis solved oxy gen per -
cent satu ra tion in the morn ing. In ter ac tion
for Sec chi trans par ency, tem pera ture in the
morn ing, dis solved oxy gen in the af ter noon,
tur bid ity in the af ter noon, pH in the af ter -
noon, and dis solved oxy gen per cent satu ra -
tion in the morn ing were not sig nifi cant.
Sea sonal data were sig nifi cantly dif fer ent
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among la goons (P < 0.001) al though depth,
dis solved oxy gen in the morn ing and in the
af ter noon, tur bid ity in the morn ing and in
the af ter noon, and dis solved oxy gen per cent 
satu ra tion in the morn ing and in the af ter -
noon were not sig nifi cantly dif fer ent
(P£0.23) be tween sea sons. In ter ac tion terms 
for depth, dis solved oxy gen in the morn ing
and in the af ter noon, tur bid ity in the morn -
ing and in the af ter noon, and dis solved oxy -
gen per cent satu ra tion in the morn ing and
in the af ter noon were not sig nifi cant.

Most of the vari ables were sig nif i -
cantly cor re lated (Ta ble 2). The PCA pro -
duced three PCs with eigenvalues that ex -
ceeded those of the bro ken-stick model,
and ex plained 77.5% of the stan dard ized
vari a tion in the en vi ron men tal /site data
ma trix (Ta ble 3). Axis 1, ex plain ing 51.9%
of the vari a tion, was a com pos ite axis con -
sist ing of spe cific con duc tance, sa lin ity,
and to tal dis solved sol ids in the morn ing
and in the af ter noon. Axis 2, which ex -
plained 13.9% of the vari a tion, was rep re -
sented by dis solved ox y gen and dis solved
ox y gen per cent sat u ra tion in the morn ing
and in the af ter noon, and Axis 3, ex plain -
ing an ad di tional 11.7% of the vari a tion,
was rep re sented by tem per a ture in the
morn ing and in the af ter noon (Ta ble 3).

Fig ure 3 shows the co or di nate scores
gen er ated for PCA. La goons are or dered from 
right to the left ac cord ing to a sa lin ity (Axis 1) 
gra di ent, and from bot tom to top ac cord ing
to a dis solved oxy gen (Axis 2) gra di ent. La -
goons with low sa lin ity (Santa Teresa Sys -
tem) are grouped in the right por tion of the
dia gram, whereas la goons with high sa lin ity
(Man dri Sys tem) are lo cated in the left por -
tion. The fig ure also shows that most sites in
Man dri 3 (~67% of all sam pling sites in that
la goon) are grouped in the mid dle lower por -
tion of the dia gram (mid sa lin ity and low dis -
solved oxy gen).

Thus, two en vi ron men tally dif fer ent
sub-sys tems can be de fined in the HNR la -
goon sys tem: Man dri Sys tem (Man dri 1, 2,
and 3 la goons), and Santa Teresa Sys tem
(Santa Teresa 1 and 2 la goons). Rela tive to
Man dri Sys tem, Santa Teresa Sys tem had
greater depth and lower pH, dis solved oxy -
gen in the af ter noon, sa lin ity, and tur bid ity
(Ta ble 1). Wa ter level and sa lin ity were as so -
ci ated with pre cipita tion (Fig ure 2A-B). Av er -
age sa lin ity de creased in all la goons and wa -
ter level increased with an in crease in pre -
cipi ta tion dur ing August- October, and the
op po site when pre cipi ta tion de creased, in di -
cat ing that the en vi ron mental fluc tua tions
dur ing the study in the entire la goon sys tem
were a re sult of pre cipi ta tion.

Scien ti fic Jour nal of the Ex pe ri men tal Fa cul ty of Scien ces,
at the Universidad del Zulia Vo lu me 15 Nº 2, April-June 2007

198 En vi ron men tal struc tu re of a tro pi cal coas tal la go on

 

0

5

10

15

20

25

30

35

40

45

50

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

2000                                 2001

P
re

c
ip

it
a

ti
o

n
/

W
a

te
r

le
v

e
l

(c
m

)

P r e c i p i t a t i o n

W a t e r  L e v e l

A

 

0

5

10

15

20

25

30

35

40

45

50

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

2000                                 2001

P
re

c
ip

it
a

ti
o

n
/

W
a

te
r

le
v

e
l

(c
m

)

P r e c i p i t a t i o n

W a t e r  L e v e l

 

0

2

4

6

8

10

12

14

16

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

2000                                  2001

S
a

li
n

it
y

(p
p

t)

Mandri 1

Mandri 2

Mandri 3

Santa Teresa 1

Santa Teresa 2

B

Fi gu re 2. (A) Mean monthly wa ter le vel and monthly pre ci pi ta tion va lues; and (B) mean monthly sa li -
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Ta ble 1

Mean va lues (SE) of en vi ron men tal va ria bles mea su red at light trap si tes (N = 129) in Hu ma cao

Na tu ral Re ser ve, Puer to Rico, May 2000- A pril 2001.

Mandri 1 Mandri 2 Mandri 3 Santa
Teresa 1

Santa
Teresa 2

Variable
Mean
(SE)

Mean
(SE)

Mean
(SE)

Mean
(SE)

Mean
(SE)

Depth
(m) (**)

0.40 bc
(0.03)

0.35 c
(0.02)

0.49 b
(0.03)

0.68 a
(0.04)

0.73 a
(0.04)

Secchi transparency
(m) (**)

0.27 c 
(0.02)

0.22 c 
(0.00)

0.28 c 
(0.01)

0.44 b
(0.02)

0.65 a
(0.05)

DO in the morning
(mg/L) (NS)

3.05
(0.63)

2.78
(0.29)

2.91
(0.20)

2.87
(0.23)

3.06
(0.33)

DO in the afternoon
(mg/L) (**)

9.49 a 
(0.77)

9.47 a 
(0.43)

7.08 bc 
(0.47)

6.39 c 
(0.29)

8.30 ab
(0.56)

pH in the morning
(**)

8.39 a 
(0.09)

8.46 a
(0.06)

7.68 b
(0.08)

7.55 b
(0.07)

6.93 c
(0.12)

pH in the afternoon
(**)

8.66 a 
(0.09)

8.87 a 
(0.07)

7.91 c
(0.09)

8.04 bc
(0.09)

8.29 b
(0.19)

SAL in the morning
(ppt) (**)

9.48 a
(0.39)

8.05 b
(0.72)

6.01 b
(0.34)

3.52 c
(0.29)

2.83 c
(0.33)

SAL in the afternoon
(ppt) (**)

9.49 a 
(0.38)

8.05 b
(0.71)

6.01 b
(0.32)

3.52 c
(0.29)

2.83 c
(0.32)

DOS in the morning
(%) (NS)

46.46
(9.08)

35.53
(3.64)

36.93
(2.78)

35.42
(2.79)

35.92
(3.80)

DOS in the afternoon
(%) (**)

125.11 a
(16.68)

134.28 a
(7.68)

94.45 bc
(5.75)

88.62 c
(3.51)

116.53 ab
(8.54)

SPC in the morning
 (S/cm) (**)

16206 a
(622)

13798 ab
(1190)

10566 b 
(574)

6328 c
(491)

5136 c
(577)

SPC in the afternoon
(S/cm) (**)

16231 a
(611)

13803 ab
(1180)

10578 b
(535)

6327 c
(499)

5124 c
(568)

TDS in the morning
(g/L) (**)

10.37 a
(0.39)

8.83 b
(0.76)

6.76 b
(0.37)

4.05 c
(0.31)

3.29 c
(0.37)

TDS in the afternoon
(g/L) (**)

10.38 a
(0.39)

8.83 b
(0.76)

6.77 b
(0.34)

4.05 c
(0.32)

3.28 c
(0.36)

TEM in the morning
(C) (**)

29.59 a
(0.39)

28.69 ab
(0.20)

26.98 c
(0.24)

28.23 b
(0.33)

27.78 bc
(0.47)

TEM in the afternoon
(C) (**)

32.15 ab
(0.37)

33.16 a
(0.24)

29.61 d
(0.29)

30.84 cd
(0.39)

31.87 bc
(0.70)

TUR in the morning
(NTU) (**)

43.12 b
(5.11)

77.49 a
(9.33)

28.54 cb
(1.88)

21.29 cd
(1.84)

22.57 d
(7.24)

TUR in the afternoon
(NTU) (**)

53.06 b
(4.59)

120.50 a
(11.12)

36.12 c
(3.56)

32.81 cd
(4.53)

38.68 d
(16.14)

DO= dissol ved oxygen, SAL=sa li nity, DOS= dissol ved oxygen per cent sa tu ra tion, SPC= spe ci fic con duc tan ce,
TDS= to tal dissol ved so lids, TEM= tem pe ra tu re, TUR= tur bi dity.  (**) P 0.05; (NS) P  0.05.  Means fo llowed by diffe rent
let ters were sig ni fi cantly diffe rent
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Dis cus sion

Our re sults dem on strated the la goon
sys tem at HNR kept its es tu ar ine con di tions
un der ex treme low lev els of pre cipi ta tion
and long- term iso la tion from the sea. Un der
these con di tions the la goon sys tem has un -
der gone changes in its en vi ron mental struc -
ture due to the in ter play ing ef fect of pre cipi -
ta tion and evapo ra tion; ei ther hypo- or hy -
per haline con di tions that could even tu ally

limit fish and in ver te brate com mu ni ties
were not di rectly meas ured in the HNR la -
goon sys tem dur ing the study pe riod.

Our data sug gested a gra di ent in sa lin -
ity ex isted among the HNR la goons; sal in ity
de creased as we moved along the lin ear se -
ries of la goons from Man dri 1 to Santa
Teresa 2, and the la goon sys tem can be con -
sid ered a mesohaline- oligohaline sys tem
(0.5-18 ppt; 5). In con trast with this, how -
ever, ear lier evi dences sug gested the la goon
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Ta ble 3

Loa dings of in di vi dual va ria bles on axes 1, 2, and 3 for the prin ci pal com po nent analysis (PCA) on

en vi ron men tal va ria bles mea su red at light trap si tes (N= 129) in Hu ma cao Na tu ral Re ser ve, Puer to

Rico, May 2000- A pril 2001 (un der li ned va lues re pre sent va ria bles cha rac te rizing the axis).

Variable PC1 PC2 PC3

Depth 0.254 0.073 0.138

Secchi transparency 0.239 0.056 0.041

Dissolved oxygen in the morning 0.125 -0.518 -0.055

Dissolved oxygen in the afternoon -0.109 -0.496 0.157

pH in the morning -0.261 -0.021 0.204

pH in the afternoon -0.213 -0.019 0.405

Salinity in the morning -0.313 0.032 -0.128

Salinity in the afternoon -0.313 0.022 -0.129

Dissolved oxygen percent saturation in the morning 0.065 -0.496 -0.075

Dissolved oxygen percent saturation in the afternoon -0.099 -0.436 0.227

Specific conductance in the morning -0.314 0.030 -0.101

Specific conductance in the afternoon -0.314 0.021 -0.104

Total dissolved solids in the morning -0.313 0.032 -0.129

Total dissolved solids in the afternoon -0.313 0.023 -0.130

Temperature in the morning -0.099 0.132 0.544

Temperature in the afternoon -0.147 0.074 0.525

Turbidity in the morning -0.224 -0.107 -0.157

Turbidity in the afternoon -0.228 -0.036 -0.071

Eigenvalue  9.36  2.50  2.09

Broken-stick eigenvalue  3.49  2.49  1.99

Explained variance (%)  51.9  13.9  11.7



sys tem was mixo halinic (0.5-30 ppt; 5). For
ex am ple, Bur ger et al. (19) re ported sa lini -
ties 5-6 ppt in the Man dri Sys tem and 2-3
ppt in the Santa Teresa Sys tem, whereas the 
DNER (20) re ported sa lini ties up to 25 ppt in
the Man dri Sys tem and as low as 0.5 ppt in
the Santa Teresa Sys tem in 1994-1995, and
Vilella and Gray (21) re ported sa lini ties ~20
ppt in the Man dri Sys tem and ~3 ppt in the
Santa Teresa Sys tem.

Dur ing our study av er age sa lin ity
rarely dropped be low 2.5 ppt in the Santa
Teresa Sys tem, or rose above 10 ppt in the
Man dri Sys tem. Any lower or higher sa lin ity
we re corded were proba bly a con se quence of 
the pre domi nant hy dro logic re gime. No in -
flow of sea wa ter into the la goon sys tem oc -
curred dur ing our study pe riod, and ad di -
tion ally likely no ma jor in flows of sea wa ter
had oc curred since Sep tem ber 1998, when

Hur ri cane Georges caused ex ten sive flood -
ing. At that time sea wa ter proba bly flowed
into the la goons, in creas ing sa lin ity. Most of
the fresh wa ter flow ing into the la goons came
from ma jor storms, which oc cur on a regu lar 
ba sis.

Dis solved oxy gen was suf fi ciently high
to sup port even those spe cies most sen si tive
to hy poxia. Ac cord ing to Diaz and Ro sen berg 
(22) hy poxia is a con di tion char ac ter ized by
wa ter con tain ing less than 2 mg/L of dis -
solved oxy gen. Morn ing con cen tra tions of
dis solved oxy gen ranged from 2.78 mg/L in
the Man dri Sys tem to 3.06 mg/L in the
Santa Teresa Sys tem, whereas in the af ter -
noon dis solved oxy gen ranged from 6.39
mg/L in the Santa Teresa Sys tem to 9.49
mg/L in the Man dri Sys tem.

Dif fer ences in dis solved oxy gen con -
cen tra tions be tween Santa Teresa and Man -
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Figure 3. Or di na tion of the la go on sys tem accor ding to the first two sig ni fi cant com po nents of prin ci pal

com po nents analysis (PCA) for en vi ron men tal va ria bles re cor ded at light trap si tes (N= 129),

Hu ma cao Na tu ral Re ser ve, Puer to Rico, May 2000- A pril 2001.  The SAL gra dient in crea ses

from right to the left, and the DO gra dient in crea ses from bo ttom to the top.  The biggest ellip se

re pre sents la go on si tes at Man dri Sys tem, and in clu des ha bi tats with higher SAL and both low

and high DO.  The mid size ellip se re pre sents la go on si tes at San ta Te re sa Sys tem, and in clu des 

ha bi tats with lower SAL and mid DO.  Most si tes in Man dri 3 are clus te red in the sma llest ellip -

se, and re pre sent ha bi tats with mid SAL and low DO.  SAL= sa li nity (ppt), DO= dissol ved

oxygen (mg/L).



dri sys tems can be ex plained by the in ter -
play of sev eral bio logi cal and physi cal fac -
tors. Low dis solved oxy gen con cen tra tions
in es tu ar ine wa ters have been as so ci ated
with the pro lif era tion of sub mersed vege ta -
tion (23). Emersed shore line vege ta tion (e.g., 
cord grass, cat tail) and sub mersed forms
(i.e., na jas and chara) oc curred in the HNR
la goon sys tem, al though domi nant plant
spe cies var ied along the sa lin ity gra di ent.
Low sa lini ties fa vored sub mersed vege ta tion 
in the Santa Teresa Sys tem, which in turn
played an im por tant role in ex plain ing dis -
solved oxy gen vari abil ity. Man dri la goons
had a big ger over all sur face area than Santa
Teresa la goons, thus in creas ing the oxy -
gena tion ac tion of the waves by dif fu sion,
whereas Santa Teresa la goons were smaller
and pro tected from the wind by abun dant
flora along their pe rime ters, which di min -
ished the wind ac tion. How ever, the high
abun dance of sub mersed vege ta tion in the
Santa Teresa Sys tem al lowed these la goons
to reach mean dis solved oxy gen of up to 8.30 
mg/L in the af ter noon. Thus, the en tire la -
goon sys tem of fered suf fi cient oxy gen for
ani mal com mu ni ties to de velop.

Al though the Man dri Sys tem pre sented 
higher tur bid ity than the Santa Teresa Sys -
tem, ele vated tur bidi ties were only re corded
in Man dri 2 in the af ter noon when the wind
ac tion re- suspended fine- grained mud
char ac ter is tic of the en tire la goon sys tem
bot tom. The belt of sub merged vege ta tion in
the Santa Teresa Sys tem damp ened wave
ac tion, ren der ing it a clearer wa ter sys tem.

Wa ter level in the HNR la goon sys tem
was sea son ally fluc tu at ing, with min ima re -
corded at the end of the dry sea son. A sea -
son ally fluc tu at ing wa ter level is the rule in
most wet lands (5). The year 2000 was an ex -
cep tion ally dry year in Puerto Rico, in di cat -
ing that wa ter lev els were proba bly at or
near their lower rec ords. How ever, as noted
above, we never re corded ex treme hy poxia
or an oxia, in di cat ing that dis solved oxy gen

was not a lim it ing fac tor in the HNR la goon
sys tem. How ever, ex tremely low wa ter lev els
re duce habi tat avail abil ity that in turn can
af fect fish com mu nity. Re duc tion of aquatic
habi tats that pe ri odi cally con cen trate fish
can in crease their com pe ti tion for re sources
(24-25).

Es tu ar ies in gen eral, and coastal la -
goons in par ticu lar, are known never to
reach a typi cal or sta ble state, but rather dis -
play nu mer ous small suc ces sional changes
di rected by epi sodic events (9). The hy drol -
ogy of these eco sys tems cre ates the en vi ron -
mental con di tions that make them unique
(5). Al though fur ther re search is needed to
com pletely de line ate the phys ico chemi cal
struc ture of the HNR la goon sys tem, par -
ticu larly af ter the USACE com pleted the new
con nec tion with the Car ib bean Sea, this pa -
per in di cated that un der the pre vail ing ex -
cep tional en vi ron mental con di tions, the
HNR la goon sys tem of fered suf fi cient spa tio -
tem po ral struc ture to fish popu la tions to de -
velop. Syn er gism of en vi ron mental dy na -
mism and habi tat vari abil ity should, in turn, 
in flu ence spa tio tem po ral fish and in ver te -
brate as sem blage pat terns. As sem blage
struc ture (e.g., spe cies com po si tion, abun -
dance, life- history stages) and fish food re -
sources avail abil ity should be evalu ated
across sea sonal and spa tial gra di ents of im -
por tant phys ico chemi cal vari ables iden ti fied 
in this pa per (e.g., sa lin ity, dis solved oxy -
gen), and habi tat zones iden ti fied and char -
ac ter ized by spe cies and their op tima across
gra di ents.

Acknowledg ments

We thank Manuel Cór bet and the Hu -
ma cao Natu ral Re serve per son nel for their
sup port dur ing the im ple men ta tion of this
proj ect. Thanks are also due to Ramón Del
Moral and Miguel Or tiz for help ing us with
much of the field work. Fed eral Aid Pro ject
F-44.1 pro vided fi nan cial as sis tance.

Scien ti fic Jour nal of the Ex pe ri men tal Fa cul ty of Scien ces,
at the Universidad del Zulia Vo lu me 15 Nº 2, April-June 2007

O.J. Ferrer M. y et al. / Cien cia Vol. 15, Nº 2 (2007)  193 - 204 203



Re fe ren ces

1. FER REL D.J., BELL J.D. Mar Ecol Prog Ser
72:15- 24, 1991.

2. FER REL D.J., McNEIL S.E., WOR THING TON
D.G., BELL J.D. Aust J Mar Fresh wat Res
44: 881- 899, 1993.

3. McIVOR C.C., RO ZAS L.P. Di rect nek ton use
of in ter tidal salt marsh habi tat and link age
with ad ja cent habi tats: a re view from the
south east ern United States. In: K.F. Nord -
strom and C. T. Ro man (edi tors). Es tu ar ine
shores: evo lu tion, en vi ron ments and hu man
al tera tions. John Wiley and Sons, Chich es ter
(U.K.), pp. 311- 334, 1996.

4. HAN NAN J.C., WIL LIAMS R.J. Es tu ar ies 21:
29- 51, 1998.

5. MITSCH W.J., GOS SE LINK J.G. Wet lands.
John Wiley and Sons, Inc., New York (USA),
pp. 920, 2000.

6. WIL LIAMS G.D., DES MOND J.S. Re stor ing
as sem blages of in ver te brates and fishes. In: J. 
B. Zed ler (edi tor). Hand book for re stor ing tidal 
wet lands. CRC Press, Boca Ra ton, Flor ida
(USA), pp. 235- 269, 2001.

7. WAL LACE J.H., KOK H.M., BECK LEY L.E.,
BEN NET B., BLA BER S.J. M., WHIT FIELD A.
K. S Afri J Sci 80: 203- 207, 1984.

8. VIVIER L., CY RUS D.P. Mar Fresh wat Res
53: 457- 464, 2002.

9. WHIT FIELD A.K., BRUTON M.N. S Afr J Sci
85: 691- 694, 1989.

10. KOK H.M., WHIT FIELD A.K. S Afr J Zool 21:
309- 315, 1986.

11. ODUM W.E., ODUM E.P., ODUM H.T. Es tu ar -
ies 18: 547- 555, 1995.

12. DIA MOND J. Over view: Labo ra tory ex peri -
ments, field ex peri ments, and natu ral ex peri -
ments. In: J. Dia mond and T. J. Case (edi tors). 
Com mu nity ecol ogy. Harper and Row, New
York (USA), pp. 3-22, 1986.

13. GEL WICK F.P., AKIN S., ALBREY-
 ARRINGTON D., WI NE MILLER K.O. Es tu ar -
ies 24: 285- 296, 2001.

14. PUERTO RICO DE PART MENT OF NATU RAL
AND EN VI RON MEN TAL RE SOURCES. Docu -
mento de des ig na ción res erva natu ral pan tano 
y bosque de Ptero car pus de Hu ma cao. Es tado
Libre Aso ci ado de Puerto Rico, San Juan
(Puerto Rico), pp. 54, 1986.

15. SAS. SAS/STAT Ver sion 8.02. SAS In sti tute,
Inc., Cary, North Caro lina (USA), 2001.

16. GAUCH H.G., Jr. Mul ti vari ate analy ses in
com mu nity ecol ogy. Cam bridge Uni ver sity
Press, Cam bridge, Mas sa chu setts (USA), pp.
298, 1982.

17. MCCUNE B., MEF FORD M.J. PC- ORD for
Win dows - Mul ti vari ate analy sis of eco logi cal
data. Ver sion 4.20. MJM Soft ware, Inc., Gle -
neden Beach, Ore gon (USA), 1999.

18. JACK SON D.A. Ecol ogy 74: 2204- 2214, 1993.

19. BUR GER J., COO PER K., GOCHFELD D.J.,
SILVA J.E., SAF INA C., LIP SKY D.,
GOCHFELD M. Es tu ar ies 15: 239- 245, 1992.

20. PUERTO RICO DE PART MENT OF NATU RAL
AND EN VI RON MEN TAL RE SOURCES. Fish -
ing ac cess fa cili ties for Hu ma cao Wild life Ref -
uge. Pro ject F-31-4. An nual Re port. Hu ma cao
(Puerto Rico), pp. 27, 1995.

21. VILELLA F., GRAY M. Eco logi cal as sess ment
and man age ment plan for the Hu ma cao Wild -
life Ref uge. Fi nal Re port. Fed eral Aid Pro ject
FW- 10. Puerto Rico De part ment of Natu ral
and En vi ron men tal Re sources, San Juan
(Puerto Rico), pp. 315, 1997.

22. DIAZ R.J., RO SEN BERG R. Ocean ogr Mar
Biol Annu Rev 33: 245- 303, 1995.

23. VIVIER L., CY RUS D.P.  Mar Freshwat Res
53: 457- 464, 2002.

24. LOWE- MCCONNELL R. H. Eco logi cal stud ies
in tropi cal fish com mu ni ties. Cam bridge Uni -
ver sity Press, Cam bridge (UK), pp. 390, 1987.

25. WI NE MILLER K.O. Env Biol Fish 26: 177-
 199, 1989.

Scien ti fic Jour nal of the Ex pe ri men tal Fa cul ty of Scien ces,
at the Universidad del Zulia Vo lu me 15 Nº 2, April-June 2007

204 En vi ron men tal struc tu re of a tro pi cal coas tal la go on


