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The following are the most outstanding results and conclusions from the flora inventory:

-Original plant cover (tall forest) has been reduced to approximately 30% of the total area.
On cleared land a mixture of extensive grazing lands, secundary forest (pioneer, early
secondary and late secondary) and abundant but small cultivated patches have been
established by slow continuous colonization. This deforested area also includes all land
occupied by lakes, engineering structures (canal, roads, buildings and different types of
installations for the operation and maintenance of the Canal) and human dwellings are
included.

~The reduction of natural plant cover increases erosion and siltation rates and threatens the
expected operational life of the canal. This condition is not very serious in the lower
wartershed due to a relatively gentle topography of the area, but in the high watershed, with
a rough and steep topography and higher rainfall rates, the situation requires immediate
attention to protect the Canal operations.

-No large volumes of commercial timber were found in the area which would support a
reasonable yield in felling operation. Extraction of valuable timbers by local artisans has
been occuring for many years, even before the construction of the Canal. However, this
is not a recommended activity for this area, even though it produces low scale damage and
poses no significative threat.

-The study area is located in the "tropical humid”, the most extensive life zone of the
Republic of Panama, and most of the collected species are also present in sites adjacent to
the study area.

The following recomendations have been derived from the flora inventory:

-The Panama Canal watershed requires protective measures to reduce or, at least, to
stabilize human activities within the area.

-Existing settlements should be technically and financially supported in order to increase
permanent crops and reduce to a minimum temporary ones.

-Protected areas quickly return to a forest type cover by natural succession. This process
should be complemented with plantations of native forest species on those sites so
deteriorated that natural regeneration has become difficult. :

-After selection of a proper alternative to the Canal, some specific biological studies should
be carried out around affected areas.
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As to the most prominent species captured, it is worth mentioning the presence of Anopheles
albimanus, A. vestitipennis, A. punctimacula, A. pseudopuntipennis, Aedes taeniorhynchus,
Mansonia titillans, and M. indubitans. Anopheles albimanus has been ordinarily known as
the most important transmitter of malaria in Central America and Panama, although at
present it is well known that other species are able to transmit this noxious blood parasite
in the region.

Aedes taeniorhynchus and the Mansonia species are considered important because they are
potential transmitters of the Venezuelan equine encephalitis. On the other hand, the Culex
species are particularly important because of their transmission capability of filariasis and
the encephalitis virus.

-Out of 43 species of the Culicoides genus (Ceratopogonidae), the highest numbers were
found at Arenosa; of these, 16 species were commonly found in the four localities. The
highest population density was obtained at Arenosa, and the lowest at Paraiso.

Among the anthropophilic species collected, it is worth mentioning in rank of importance
the following: C. furens, C. guyanensis, C. reticulatus, C. camposi, C. iriartei and C.
paraensis, the latter being considered as a transmitter of the "oropouche” virus. This group
was most abundant during the rainy season, although this was not true for all the species.
Their predominance varied within the different locations. o

-Although the total number of individuals of the genus Lurzomyia (Psychodidae) was
relatively low, six out of seven species ordinarily known for their anthropophilic habit and
for acting as transmitters of leishmaniasis disease were collected. These species were L.
gomezi, L. olmeca, L. panamensis, L. pessoana, L. trapidoi and L. ylephiletor.

Gamboa was the location where the greatest number of specimens and species were
obtained. With respect to the influence the wet or dry season may have had on the
populations of these groups, it seems it had little effect, except for L. panamensis, which
was severely affected by the dry season.

-The genus Chrysomyia of the Family Calliphoridae was represented by four introduced
species. These seem to have displaced a native species, Cochliomyia macellaria, a
necrophagous fly, in the sampling sites.

Using the various sampling methods, it was possible to observe a high degree of diversity in
groups of beneficial insects totaling 56 Families. Of these, 31 Families belong to the
Hymenoptera. It is important to mention that spiders were always present in all the sampling
sites.

The presence of insects important to forestry or agriculture was not particularly prominent;
however, several crop and forestry pests were collected.
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-The threatened and endangered species such as the caiman (Caiman crocodilus), the
crocodile (Crocodylus acutus) and the green iguana (Iguana iguana), with the exception of
the first one, are uncommon in the study sites. At those sites were caimans were found
they were numerous, not so in the case of the crocodiles. In the sites inhabited by man, the
green iguana is infrequently seen, because it is indiscriminately hunted, even during the
closed hunting season.

-Walks along the transects showed the existence of a seasonal pattern in the abundance of
some anurans. The frogs of the forest floor tend to concentrate in the moist areas along the
mrginsofﬂnesuumsduﬁngthedrymn,mdwimthebeginningofmen.insthey
disperse throughout the moist forest floor. Some anurans aggregate to breed along the
margins of ponds and streams during the wet season, but they are absent during the dry
season. This seasonality in the reproductive behavior of several species of anurans is
evident with the beginning of the rains and the formation of choruses within the
surroundings of appropriate breeding sites.

(3.3) Omithology

This study comprised the avian fauna related to tropical rain forests, open areas (grasslands),
littoral and aquatic habitat, and the coastal marine zone. A total of 405 bird species were

recorded out of the 564 found in the area within the last 150 years.
The most important results and conclusion from this inventory are:

-The forest habitat contained more species than the aquatic and littoral, the open area, and
the marine habitat.

-Gaillard Cut, Pequen{, the North Entrance to the Canal and the South Entrance to the
Canal maintain some forest, and thus contain more species than Tranquilla and Cirf, where
pasture lands predominate.

-Threatened and endangered species inhabit the surveyed areas; also are present birds of
prey, raptors and sparrows.

-Eighty five migratory species out of the 122 registered for the country were found; certain
species were in transit and others were wintering.

-Out of the 480 local species registered, 326 were located during the study period. In each
habitat, and in each place, the number of resident species and individuals was greater than
the migratory species.

-In general, for each place and for each habitat, seasonality was observed, whgre the

number of species and individuals grew with the progress of the rainy and the migratory
seasons. The maximum abundance was reached during the climax of the rainy season and

6




o1t
pue £¢ usamaq A1qeqosd snip st eare Apmis o ul Jussaud A[remoe saveds Jo Jaquinu ann
SY] ‘Bweueq UT JAISUSNUT ISOW UIQ SeY SumIou AIYM ‘puelS] OPRIO[O)) OLIRY UO PINU
U39q sey $310ads £ INOGE JO [BI0) ¥ “BUeUR UT POYRUIPE USIQq [TENIOR JOU IARY I3y 3q 0)
PWNSSE 350y JO JWOs ‘puey 3 U pAYNuIp! Afanisod aq ATuo wed sieq SO “Bureueq
Ul 3uLIN00 SB SIS O] SIS PUR ‘BwreuRq JO SIPIS YIOQ UO AUIYMIS[S IO BIUIOIO)
pue BNy ©IS0D Ul punoj uaaq aAey Aoy J1 ewreueq ySnonp Sulinooo Ajqeqoud se syeq sist
(6861) 319quasty  -31053q eare Apmis ay) UL PNIU USRI 10U IARY (D4MISGO S UOYOTT
pue suauoy smadung) soeds oml “ssxeds 01 19K jou Ing snusd o1 peynuIpr
U33q dAeY uOW OM] ‘UORIPPE U PN SeM SIS 1eq paynuap! A[aanisod [ jo B0} -

:3uimofo] a1p are AI0JusAUT [EWIWRW Y} WO UOISN[OUOD pue sinsaz jusurwoud isow Jyx

s
oJuT PAIANUD $10ds yoes 10§ eep sy pue paredaid sem eare Aprs au jo dew pasos 1ndwod v

"IS YIBS JB papIodal Auam ‘sudrs d[qenas
13130 pue SUOREZI[EOO0A J[qRLNUIPT ‘shem J]qeynuIP! A[feoy1ads Ul usjes are Jey) SPIss JO SHInI)
‘S9N [WUreW ‘UORIPpE U] "PISEI[ pue pade A[y3nos ‘poxas ‘peynuIP! Uom srewrue padder]
"yoea sden Q[ jo sour| ¢ Ino Bumes Aq saNs dYIoads 18 pIfdures aom SfEWIWIRW JUROA-UOU Y]

: "PIPIOIAI OSTE ATIM
S[eWwwewW JuejoA-uou Jo s3uny3rs [[e ‘sieq 03 uonippe u] ‘pIses|al pue yrew Arerodwa) B QM
POXTEW ‘PIYBIOM ‘POXIS ‘POLNUIPE UMM STEWIUE PININ NS YIEd 18 SIY3Tu oml JO yoed 10§
AIS YOS 78 ‘pUNOI3 IA0QE SIAPW XIS INOGE I8 PUE [9A3] puncd Je s1ou Istw paoerd wes) Jeq Iy

"S[EWWEW JUBJOA-UOU UO IO Y} pUe Sjeq uo
3unenuoucs suo ‘sisi3ojo1q Jo suresy omy AQ PAISIA sm sans dy1oads Zljomol v “miqey
oy jo a1&s Ip 0} 3UIPIOIJE SUOIA (7 OIUT PIPIAIP pue pakaans Afanemenb sem eare ay
“INO PILLIED Sem [eUR) Bureued Yy JO Bare A Ul Jussaud srewurew i Jo KI0judAut sarads v

STEWeR (v°¢)

"[eue) BWeURd Y} JO BATE Y JOJ SISYIO [BIIASS pUE ‘Bureueq Jo
BUNEJ S130[OYITWIO A} JOJ (SSL ‘SNSRUUTT) Siowaly oouny ‘paisi3as sem satoads mau y-

"SUOTIIPUOCD JUALIND A Ul
I3 JAIAINS O} WIY) MO[Te Jey) SINIABIE A [[e JOJ Bare Apnys U 35N SPIIQ JUSPIS Y -

"yare-Areruga, 3uunp ‘yuou I spremo; sySry wingel IR
3uunp paAIsqo aram sdnoid 31q uYM ‘SIURISTW P 10 SNOIAQO KI9A sBM STY] ‘-uose3s
AIp 33 Ul PISBAIOIP Ije] pure ‘IIQUWIIAON Ul ‘uoneiSiw INOS-yuIou 3P Jo yead ayy Spremo;



-Some species of mammals are very rarely seen because they are rare, others because they
are cryptic, arboreal and/or nocturnal.

-The bushdog (Speorhos venaticus) falls into the first of these categories. No specimen has
ever been collected further West than the Cerro Pirre region of the Darien and there has
never been even a suspicion that bushdogs exist in the study area. But one recent sighting
by a pair of Smithsonian scientists and another by two ecotourist guides make it appear
probable that there are at least a few (perhaps only one group of three) bushdogs in the
area.

-The silky or pygmy anteater (Cyclopes didactylus) in the Order Edentata, falls into the
second category. It is a small animal which is totally arboreal, nocturnal and very cryptic
in the daytime sleeping position, and it does not have a bright "eyeshine" in the light of a
headlamp so that it is difficult to see even when it is active. Only one specimen of
Cyclopes has been observed in the present study, and two others have been reliably
reported. The species is probably considerably more common in the study area than the
data indicate.

-The overall impression is that the area of the Parque Nacional Soberanfa, the Barro
Colorado Nature Monument and the west bank of the canal opposite Gamboa together
constitute a refuge for many mammalian species which should be more widely distributed
in Panama, and that hunting and habitat destruction have rendered such areas as the land
around the Trinidad arm of Gatun Lake and the area around Alajuela Lake practically sterile
with regard to non-volant mammal species. Even in areas such as the mouth of the upper
Chagres, where it enters Alajuela Lake, the forest appears to be in good condition but one
does not hear howler monkeys (Alouatta palliata) at dawn or dusk. Howler monkeys are
seldom persecuted (local hunters deny that they eat them) and their total absence from what
appears to be eminently suitable habitat indicates that other, more popular, game species
have been entirely eliminated. Since many of these game species are important seed
dispersers, their absence may be presumed to have already precipitated a decline in the
diversity of tree species in the area.

b) FRESHWATERS
(1) Water Quality

Sampling and field measurements were accomplished according to the terms of reference (TOR),
followed by laboratory analysis to determine the corresponding parameters and compounds.

Available data and results are used to evaluate the state of water quality and its variation
according to the season of the year. Emphasis was placed to define and evaluate the individual
water quality of Lake Alajuela, Lake Gatun, and their tributaries. The study provides
information which describes the role of various parameters concerning the water quality of the
system.
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(2) Sediments Quality

Results of granulometric analysis from 7 sampling stations in Gatun Lake revealed that sediments
in the areas of Darien and Bajo island are mostly made up of silts and clays. The remaining
stations sediments had an important sand fraction.

Regarding the quality of the sediments, the chemical analysis have revealed the following:

-Total nitrogen in the sediments of the study area presented a constant distribution with
values ranging between 200 and 900 ppm which, in general, is a very high concentration.
The observed ratio between total organic carbon and total nitrogen ranged between 10:1 and
15:1.

-The concentration of metals in the sediments is within the normal ranges and corresponds
to the values usually found in igneous rocks. There is no evidence of metal contamination
in the sediments.

-The analysis of high molecular weight hydrocarbons revealed that, in general, accumulation
in the sediments is very low (19.90 to 58.60 ug/g of dry sediment). The exception is the
area at the Gatun anchorage where values up to 168 ug/g of dry sediment have been
recorded. Distribution in the concentration of hydrocarbons seems to be related mostly to
the transit of ships in the canal and the time ships remain at the anchorage sites in the Gatun
Lake.

(3) Aquatic Macrophytes

The collected information on the distribution of floating aquatic macrophytes reflects a clear
temporal and/or seasonal as well as cultural situation (aquatic weed control).

The most relevant results and conclusions from this study are the following:

-The plant community displays a greater variability in its abundance in response to seasonal
changes. Most are the free floating macrophytes.

-The spatial and/or temporal distribution of some floating macrophytes, i.e. Pistia sp., as
well as their abundance, seem to be associated with more long lasting cycles rather than
seasonal climatic changes.

-In areas subject to the control of submerged and floating aquatic vegetation using manual,
mechanic and chemical methods for a period of about 70 years, i.e., the sector of the
Chagres River at Gamboa and other canal operational areas, the natural successional
processes are disrupted. This causes an apparent decrease in diversity, and a clear
dominance of species best fit to this system of aquatic weed control.
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intersection of the canal route, the ships must change direction. This requires increased
engine power which creates strong turbulence and sediments upheaval. The physicochemical
analysis revealed that these stations are subject to a continuous mixture of waters.

(5) Fish and Macroinvertebrates

In five samplings, 26 fish species were collected (9 peripheral or marine and 17 freshwater)
included in 16 families (7 peripheral and 9 freshwater).

The most important results and conclusions from this fish study were the following:

-Dominant species were represented by Cichla ocellaris, Hoplias microlepis, Brycon
chagrensis, Cichlasoma maculicauda, Curimatus magdalenae and Rhamdia guatemalensis,
with a total of 86.6% of the catch and 86.0% of the weight.

-Except for the exotic species recently introduced, Colossoma macropomum, Cyprinus
carpio and Oreochromis niloticus, the other species collected have been recorded in
previous studies.

-Among the macroinvertebrates, five species of decapod crustaceans belonging to three
families, and only one species of the recently introduced mollusk Pomacea sp., were
captured. The most abundant and frequent species was Callinectes toxote, contained in
more than 60% of the catchs. All these species of marine and freshwater decapods have
been recorded in studies carried by Abele & Kim (1989) and Hildebrand (1939).

(6) Commercial and Sport Fishery

The most important freshwater fishing activities in Panama are concentrated in Gatun and
Alajuela lakes. At present three types of fishing activities are carried: commercial fishing,
subsistence fishing and sport fishing.

The most important species for the above mentioned fishing activities is the peacock bass (Cichla
ocellaris), introduced accidentally in the Gatun Lake about 1967. Annual production of this
species has been estimated between 150 to 300 metric tons for the Gatun Lake, and between 20
to 50 metric tons for Alajuela Lake.

On the whole, it is estimated that the production shares are as follows: subsistence fishing,
50%; sport fishing, 30% and commercial fishing, 25%.

Main centers for sport fishing in the Gatun Lake are Arenosa, Gamboa and Gulick. For
commercial fishing the centers are Cuipo, Los Cedros, La Laguna and Gatun River.

In Lake Alajuela, commercial fishing is more important, and this activity is developed by
various communities grouped in the "Union de Campesinos del Lago Alajuela”, (UCLA).
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concentration of total phosphorus (twice as much as found during the rainy season) and the
concentration of nitrates (about three times more than observed during the rainy season).
This same pattern was observed with chiorophyll "a*,

-In contrast to these changes, the concentration of dissolved oxygen decreased below the
thermocline. At the end of the dry season, the annual cycle started again.

-The yearly oceanographic cycle in the Caribbean is similar to that of the Bay of Panama.
During the rainy season there is a lack of thermal stratification, while the properties are
distributed uniformly in the water column. The water column indicates a rather high
temperature, low salinity, high concentration of dissolved oxygen, low concentration of
dissolved nutrients and chlorophyll *a".

-During the dry season the salinity of the water column is increased, which together with
colder air masses that blows onshore increases the density of the surface water promoting
the sink of of the water mass. This vertical mixing carry to the surface level a subsurface
water mass with a low concentration of oxygen and high concentration of nutrients. By the
end of the dry season, the annual cycle starts again.

-The study of the water quality, both in the Pacific and the Caribbean, showed slight levels
of pollution. .

-The analysis of volatile organics from samples collected during the first half of this project
revealed that such compounds are not found in the area. The BOD concentrations were low
and in general, the counts of total and fecal coliforms are below what the water quality
standards indicate for recreational waters. This inventory has indicated that the marine area
near the Fort Amador Causeway, an important recreational area, has a fairly good water
quality. This same condition was observed in the studied area in the Bay of Limén, on the
Caribbean side.

(2) Sediments Quality

Granulometric analysis of marine sediments revealed that 91 % (64 out of 70 samples) of all
samples showed a typical muddy sediment composed of silts and clays (< 80 microns) in both
the Pacific and the Caribbean study areas. The chemical analysis brought the following:

-The concentration of total nitrogen in the sediments from the Pacific remained fairly

constant throughout this study. In general, the concentration of organic nitrogen ranged
from 100 to 350 ppm (0.10 to 0.35%). The ratio between the total organic carbon and the
organic nitrogen varied from 10:1 to 15:1. The concentration of heavy metals in these
sediments indicated a uniform distribution with values similar to those reported by former
studies. The ranges of metal concentration are: iron between 10,000 - 60,000, copper 30 -
65 ppm, manganese 400 -500 ppm, and zinc 80 - 135 ppm.
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of Siderastrea, which are very similar to Siderastrea siderea, could be reported for the
Caribbean.

-The diversity of the corals within the study area represents 53% and 82% of the diversity
reported for the Caribbean and Pacific coast of Panama, respectively. The diversity of
octocorals is less than 30% of the species reported for the rest of the country.

-The reefs studied along the Caribbean coast have a reduced area covered by life coral
(<6%) but a high coverage by macroalgae (>80%). This is clearly evidenced by a
disturbance caused by the construction and operation of the Panama Canal and the oil
refinery.

-The history of the coral reefs on the Pacific entrance of the Panama Canal has been less
dramatic than the one described for the Caribbean, since there was more construction
material available from large land excavations in Gaillard Cut and some other areas.
However, these coral are subjected to a high runoff and to low sea temperatures caused by
seasonal upwelling, thus affecting their distribution.

-In summary, the coral reefs at both ends of the Panama Canal are not in good condition
and it is evident that continued lack of management and protection in this part of the coastal
zone might continue to adversely affect these reefs.

(3.2) Mangroves: There is a total of 36.08 km? (=3,608 ha) of mangrove forests in the study
area. The Caribbean coast have a slightly smaller amount (17.11 km?) compared to the Pacific
(18.97 km?). The Caribbean estimate however is still greater than that of an earlier estimate for
the much larger Costa Arriba de Colén (13.41 km?) which was provided by the Instituto
Geogréfico Nacional "Tommy Guardia”. This was apparently caused by the different definition
of mangrove forests, and possibly the different interpretations of satellite photography, compared
with aerial photography.

Mangrove forests were observed in the followmg sites in the Pacific: Perequete, Caimito,
Veracruz, Balboa, and Juan Diaz, whereas in the Caribbean mangroves were observed in
Chagres, Colon, and Bahia Las Minas.

Eleven mangrove species, including the putative hybrid Rhizophora and two forms of Pelliciera
rhizophorae, were observed in the study area. Several notable features were observed in the
studied mangrove forests:

-The occurrence of species within all sections, namely Laguncularia racemosa, Avicennia
germinans and Acrostichum sp.;

-The unique occurrence of Mora oleifera in the Rio Caimito (Note: this site represents the

northern extent of this unusual and uncommon tree; notable, since it has the largest
cotyledons of any plant), and the putative Rhizophora hybrid, R. harrisonii, in the Rio
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-Despite the fact that total acres of seagrass are relatively small within the study area the
ecological importance of the grasses should not be overlooked. Seagrasses provide juvenile
and adult habitat for many species as demonstrated by the numerous fish and invertebrate
species collected in this study. The loss of any significant part or the seagrass community
on this coast may result in decreased stocks of the fishes that are commonly eaten by local
inhabitants. :

(4) Benthos

Benthic collections were quarterly performed in the Pacific and in the Caribbean. A total
amount of 3,378 benthic organisms were collected of which 55 % (1,848 organisms) were found
in six (6) Caribbean stations. Identification of the benthic community (1.00 mm mesh size)
yielded 171 taxa including one new isopod species of Cyathura found offshore from the Limon
Bay stations on the Caribbean side.

The results from this study revealed the following:

-Mean abundance of benthic organisms was greater in the Caribbean area with 227 org./m?
than that of the Pacific with 160 org./m? for the mean case. Mean abundance and number
of species was 1.6 times greater for the offshore stations than those located within Limon
Bay in the Caribbean. Those stations closest to the Panama Canal entrance in both oceans
(Pacific: MB-01 and Caribbean: MB-09 and MB-10) exhibited a reduction in relative
abundance and diversity.

-In general, mean abundance of benthic organisms in the Pacific follows a typical bimodal
pattern through time, with peaks of abundance during March and July. Mean abundance
of benthic organisms in the Caribbean followed a typical unimodal pattern with a peak
abundance in July.

-Polychaeta, Crustacea and Mollusca were the dominant groups accounting for almost 90
% of total benthic organisms counted. Polychaeta was found in almost all stations within
cach sampling period. A total of 57 species or crustacean taxa (grouped in 13 taxonomic
sub-categories: 1 Class, 6 Orders, 3 Infraorders and 3 Sections) were found. The
ideans dominated the benthic community in terms of relative abundance, comprising
about 20 % of total crustaceans, and relative diversity being represented by five orders (20
species): Mysidacea (2), Cumacea (2), Tanaidacea (1), Isopoda (7) and Amphipoda (8).

-Within the superorder Peracarida the dominated groups found were gammaridean
amphipods and isopods (Cyathura spp.). With regards to the Mollusca a total of 58 living
species were identified, of which 15 species are Gastropoda (14 genera in 12 families) and
43 species are Bivalves (24 genera in 14 families). Bivalves belonging to the Tellinidae,
Veneridae, Corbulidae, Nuculanidae and Solecurtidae families were the most common
molluscs found in the sediments.
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-The highest diversity of sublittoral fish was related to the proximity to estuarine areas that
are nursering grounds for fish larvae and postlarvae. A high diversity was recorded in the
sampling stations located near the estuary of Chame, whereas the lowest diversity was
observed in the shores along the Pacific entrance to the Canal. In the Caribbean, most of
the diversity of species was gathered from the collections of fish in the stations located in
front of Bahia Las Minas, another estuarine area.

-Fish were observed to be particularly abundant in the Pacific at the beginning of the rainy
season (June 1992 and May 1993). To some extent this is believed to be related to the
period that follows the dry season upwelling. Low sea temperature related to this upwelling
move many fish and invertebrate species to the warmer shallow waters. The increase means
the abundance observed a few weeks after the upwelling might suggest a intense recruitment
of juveniles from the neighboring estuaries and mangrove bordered coast. This statement
is supported by the high incidence of small sized fish collected within these samples.

-In general, the abundance of fish in the Caribbean remained fairly uniform throughout this
inventory, although a slight increase in the abundance was recorded during February 1993.

-Regarding the importance of these fish within the food web, the most frequent species in
both oceans are ranked as secondary consumers those that eat animals and plants (carangid
and bothid fish in the Pacific and Caribbean, respectively), followed by primary consumers
which feed on plankton and detritus as the gerreid fish.

-Among the commercially important fish studied in this project, the snappers Lutjanus
guttatus and Diplectrum euryplectrum (Pacific), and L. synagris and D. formosum
(Caribbean) showed a gut content mostly comprised by crustaceans (shrimps, stomatopods,
and crabs) and small fish. These species are placed in the category of third level consumers
(exclusively carnivorous).

-The study of the gonad maturation of these fish revealed several spawnings: in August, in
October, and during April.

-The genus Diplectrum showed sexual inversion, or protandric hermaphrodite, in both
oceans (males changed into females) which explained the predominance of a single sex,
mostly females, in the collections. The stages of gonad maturation were observed to occur
almost simultaneously in both oceans, which is probably related to the seasonality of the
climate.

(6.2) Macroinvertebrates: A total of 105 species of marine invertebrates were collected during
this inventory, 56 species collected in the Pacific and 49 in the Caribbean. On the whole,
13,407 specimens were collected during the 5 quarterly samplings, 7,955 from the Pacific and
5,452 from the Caribbean.

The most important characteristics from this population are the following:
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2) INTRODUCTION

This Final Report includes field and laboratory data from the Biological Inventory performed
between April 1992 and July 1993 as established by the Terms of Reference for the project
Biological Background Data and Biological Inventory executed by the University of Panama Co
nsortium-ANCON Consortium for the Commission for the Study of Alternatives to the Panama
Canal.

The main objective of the study was to carry out a biological inventory and establish a data base
on the following component of the fauna and flora both terrestrial and aquatic (freshwater and
marine). The inventory also included the physical and chemical features in the canal freshwater
system and its marine approaches. This information is intended to serve as a baseline for the
environmental impact study and identify the ecological sensitivity of the area, regarding the
construction of any of the proposed alternatives to the Panama Canal.

The components considered within this study are the following:

-Terrestrial flora, which studied the natural forests, grasslands, crops, and also verify the
existing information on the soils in the area.

-Terrestrial fauna, which studied mammals, birds, amphibians and reptiles, and insects of
medical or economical importance.

-Freshwater, gathered information concerning the water and sediment quality, aquatic
plants, benthos, fish and macroinvertebrates, aquatic mammals, and a general description
of the commercial and sport fisheries.

-Marine, studied the oceanography, water and sediment quality, coral communities,
mangroves, seagrasses, benthos, meroplankton, fishes and macroinvertabrates, and a general
description of the commercial and sport fisheries.

The study area exhibits ample ecological diversity as reflected by the large number of reported
species. The forest cover has been notably reduced consequently affecting the wildlife, although
some disperse remnants of the prototype species allows the reconstruction of the original
physiognomy. An extense area has been covered by lakes Gatun and Alajuela as required for
the canal operation, thus creating a large lenthic type aquatic habitat, non-existent prior to the
construction of the canal. The marine approaches have been substantially disturbed by the
construction, operation, and maintenance activities of the canal.

The complexity in the biodiversity in the study area fully justify the inventory and the interest
of the Commission for the Study of Alternatives to the Panama Canal for a proper
documentation of the biological resources in the area, which could be disturbed as a consequence
of the possible environmental alteration.
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-Mouth of the Chagres: Primary forest or almost fully grown.

-Zorra Island: Late secondary forest.

-luan Gallegos Island: Late secondary forest.

-Barro Colorado Island: Late secondary forest.

-Los Cafiones: Pasture.

-El Chorro: Pasture.

-Corte Culebra: Area of land removal.

-West bank of the Canal: Secondary forest.

-Loma Coba: Semi-urbanized.

-Yacamonte: Semi-urbanized.

-Coast in front of Ia_tmga Underbrush with remnants.
Sampling sites (Map N° 1) were located according to the recommendations of the TOR, adjusted

to the real conditions and the representativity of principal ecosystems, accessibility, and available
time and personnel, and were established as follow:

COORDINATES
Longitude W Latitude N
1. Cruces 79°38’ 9°1r’
2. Mandinga River 79°43’ 9°06’
3. Cerro Jefe 79°23’ 9°15°
4. Pequen{ 79°32° 9022’
5. Chagres 79°59° 9°17°
6. Trinidad 80°02’ 8°58’

SAMPLING SITES

At the sampling sites transverse strips (transects) 1 Km long and 10 m wide (1 hectare per
transect) were established. The transects were sub-divided into 10 consecutive plots 100 x 10
meters each (1,000 m%/plot).
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-Mmmnﬂﬂngm: is the numerical sum of Relative Abundance + Relative
Frequency + Horizontal Expansion. As this is the sum of three percentages, the total value
for all the associated species should be 300.

For the lay out of sample strips the following aspects were considered:
-Type of sampic: transverse sections (transects or Strips) numbered 1 to 6.

-Dimensions of each strip: Length 1000 m.
Width 10 m (5 m each side of the axis).
Area 10,000 m2 = 1 hectare.

-Bearing: was determined in each location according to the topographic conditions and the
type of vegetation cover. In general, the axis runs perpendicular to the main slope.

-Tracing the axis: beginning at point 0" (origin), the total length was marked with stakes
numbered 1 to 50, 20 meters apart, thus marking 5O sub-plots (200 m? each).

For the statistical evaluation, the sub-plots were combined into groups of five, for a total of ten

parcels of 1000 m? each (100 x 10). The parcels are sampling units numbered 1 to 10. The

stake numbers were established by two numbers hanging vertically in the following manner:
123 ..567 111...122

The first number identifies the station or sub-plot (from the origin point) up to 50, the last stake.
The second number (from 1 to 10) identifies the number of the plot.

Examples: 1 first sub-plot
1 ‘

3 third sub-plot
1

6 sixth sub-plot
2

50 last sub-plot
10

The following parameters were recorded at each sample plot:

-Name: each individual in the sample should be identified with a name (species, genus;
family, or common name) and a consecutive number.
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(2.3) Laboratory procedures
Laboratory work considered three different aspects:

-Processing of samples: During the study 29,528 plants were recorded from the 6 visited
sites. The collected samples (about 12,000) were pressed and oven-dried, and pertinent
information annotated on specific site log book. Each, plant was given a collection number.
Classification and famxly/genus or species sorting was completed.

-Identification of samples: From the 29,528 records processed during this study, 1,947 were
determined only to family (6.6%) and 27,581 to species (93.4 %).

-Data_processing: A computer program (Dbase) was created for the calculation of
abundance (absolute and relative), frequency (absolute and relative), basal area, timber
volume and other parameters needed for field data analysis. After several tests, verifications
and corrections, the program was ready to be used. The analysis of each site file takes about
eight hours of computer continuous running.

Two computer technicians entered 29,528 records, each of them implied up to 24 computer

fields. For analysis of the data, partial files were created for each sampling site. Although an
original effort of 10 m/d was estimated, this was changed to 19 m/d.

(2.4) Eiled data

Field records from six sampling sites totalled 29,528 and these are distributed as follows:

.
|

CRUCES | MANDINGA JEFE PEQUENI CHAGRES TRINIDAD TOTAL |

137 1780 12521 | 4308 2498 5044 29528
(3) Fauna
(3.1) Entomology

(3.1.1) Deccription of sampling sites

The locations that are described in. the following paragraphs (Map N° 1) represent the general
areas where samples were taken; however, as specific samples were taken from different places
within each location, more precise information regarding this matter is contained in Table N°1.
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by the light, which are then collected in a killing jar attached to the lower part of the trap.
This trap has a photoelectric cell which sets on the black light bulb at dusk and tums it off
automatically at dawn.

Two traps had been installed at each sampling site, except in Arraijan, where there was only
one. They were usually hung at a height of approximately 2.5 meters, and located one near
the lake and the other within the town or village. During the week, each trap was operated
during one night; the material caught was preserved in 70% ethyl alcohol, taken to the
laboratory, sorted out and identified; particular interest was placed on insects that affect man
and animals.

-Qviposition traps (Photography N° 2): Disposable containers, filled with water, were
placed (one at each sampling site) in a wooded area. The water in the containers was
collected weekly on each sampling date, taken to the laboratory and transferred to mosquito
breeding chambers where emerging larvae and adults were identified. From the thirtheenth
week on, bamboo traps replaced the former.

-Aquatic pet: consisted of a metallic frame and a 20.3 cm. (8") diameter strainer with 1 mm
mesh. The strainer was attached to a 134 cm pole, which allowed the team to take samples
further from the banks.

In the field, each netting sample (five in total) was emptied into a plastic basin (24 cm in
diameter and 10.5 cm deep) filled with clean water to wash the sample. The sample was
filtered through a plastic sieve (10.5 cm in diameter and 5.5 cm deep, with a mesh opening
of 0.5 mm) and then placed in a polyethylene bag. 75% ethyl alcohol was added to cover
the entire sample. After each sampling, a label with the following information was placed
on the bag: location, type of sample, and date. The five netting samples were then placed
in a polyethylene bag. All the samples were placed in a five gallon plastic tank, covered,
and brought to the entomology laboratory.

In the laboratory, each sample was filtered with a plastic sieve to eliminate the alcohol
which had been contaminated with sediments and chlorophyll. The sample was next placed
on a metal tray and the specimens were separated using a 2x magnifying glass. This
procedure was repeated four to five times in the case of the Gamboa and Miraflores
samples, and once for the Arraijan and Arenosa samples. The former had greater amount
of plant debris. Once separated, the specimens were placed in 9 dram plastic vials to later
be identified by Order, Family, and genus, depending on their relative importance for the
study.

-Hand dipper: This technique involves the use of a plastic container which looks like a
dipper (11 cm. in diameter and 5 cm deep) with an adjustable aluminum handle, 116 to 162
cm long.
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found in the immediate sampling area. The traps were placed six to ten meter from one
another. Each trap was baited with approximately 200 cc of solution.

A wooden pole, with two detachable 1.5 m sections and a hook on the end, was used to
hang the traps which were usually hung on the third lowest branch of the selected tree.
Depending on the height of the tree and terrain conditions, the traps hung two to five meters
from the ground.

To check a trap, the team removed it from the tree with the wooden pole described above.
The rubber stopper was removed and the contents were sifted through a fine mesh sieve.
Then, tap water was poured into the trap, to collect whatever specimens might have stuck
to the walls of the trap, as well as removing residues from the earlier solution. The trap
contents were again poured through a sieve, which at the same time washed the biological
sample. The biological material retained on the sieve was transferred with a synthetic fiber,
medium sized brush, to a 40 cc, pre-labeled flask, filled with 15 to 20 cc of 70% ethanol.

Once this procedure was completed, the trap was rebaited and reinstalled following the
procedure described above.

In the laboratory, each sample was emptied onto a 100 mm petri dish, and the sample was
processed under a 15-45x stereomicroscope. The samples were separated and counted by
Order, Family, and in some cases (Otitidae and Tephritidae) by genus. Species of the same
taxon from the same sampling site were stored in glass vials with bakelite screw tops and
filled with 70% ethanol. Vials from 0.5-2.0 drams were used, depending on the size and
abundance of the samples. Each container was given a code and labeled. The results were
logged on sheets designed especially for that purpose.

-Berlese funnel (Photography N° 5): was used to capture insects in underbrush and on soil
surface. Once a week a square meter of leaf litter on the soil surface was collected at each
sampling site. The leaf litter was placed in a black plastic bag, and labeled with the name
of the station, the week, and date.

Once in the laboratory, part of the bag’s contents were placed in the Berlese funnel, which
contained 70% ethyl alcohol at the bottom, to preserve the Arthropods which emerged from
the leaf litter. Every two days, the insects in the alcohol were removed, and more of the
leaf litter was placed in the trap. The alcohol that preserved the insects was also changed
on a regular basis. This procedure was repeated until the sample brought from the field was
terminated. When the insects were removed from the alcohol in the Berlese funnel, they
were placed in a flask with the same data as the sample. A portion of the insects were then
emptied onto a 9 x 1.5 cm petri dish. The insects were separated and counted using a
stereomicroscope and entomological tweezers. On a previously prepared work sheet,
information on the type of collection, date, week, location, and taxa, were logged. The
Family name was also written down, as well as the number of individuals for that sample
of that particular location. This procedure was repeated for each site.
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18 cm long and 7 cm wide had been attached. Emerging insects attracted by light were
caught in the plastic sleeve, retrieved for identification and pinned or preserved in alcohol.

(3.1.3) Daia analysis

The data were analyzed for ecological diversity using the Shannon-Weaver (H’) index. Pielou
(1969, 1975) and Ludwig (1988) suggest the diversity in a biological community depends on the
number of taxa present and the relative abundance of each group, the latter considered as the
equitability index (J°) or ecological equilibrium (Price, 1975).

(3.2) Herpetology

The inventory of the amphibians and reptiles was performed in the following study sites: (1)
Cirf, (2) Sherman, (3) Corte Culebra (Gaillard Cut), (4) Cocolf, (5) Pequeni, and (6) Tranquilla.
These sites were selected during the reconnaissance surveys made in the Canal Watershed. A
brief description of these six sites is presented next.

-Cirf: An area of difficult access. The trip consisted in traveling by boat from Cuipo,
through the Gatin Lake, and the Cirf Grande River, to El Chorro; from there walking to
a house near the Panama Canal Comission’s station in Ciri Grande. This route is located
in the Panam4 and Col6n Provinces. o

The region is almost devoid of forest, predominating extensive pasture lands with streams
bordered by reduced gallery forest. The terrestrial areas sampled were located inside
80°03°15"-80°04°09"W and 08°56’41"-08°58'18"N (Map N° 3). They are within the
Tropical Moist Forest, according to Holdridge's life zonation, and at elevation of 20-220
m.

This site was selected because it could be affected, in case of the creation of an artificial
lake for the operation of the Canal.

The sampled areas inside de forest of this region was made in the gallery forest bordering
the Cirf Grande River near the station. In this zone, the river is somewhat wide with a
strong current. In addition, the reduced gallery forests along several small streams adjacent
to the pasture areas were sampled.

The sampling of the open areas were perforiied in the pasture lands close by the Canal
Commission’s station, these areas have pasture, low grasses and some small bushes. These
pasture lands have several wet areas due to small streams, water holes and marshes with tall
grass. Other open areas sampled were near cultivars.

The sampling of the aquatic zones and their margins was performed during the boat trip
from Cuipo, through Gatiin Lake and Cirf River, to the Chorro and viceversa (Map N° 3).
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The forest is secondary, and somewhat disturbed. Within the forest two transect were
established, one along the margins of the Masamb{ Grande River, and another close to this
river approximately 10 m away. Both transects were located approximately at 79°39°32"W
and 09°04°02°N.

A third transect was established in the open areas, it ran across ponds surrounded by tall
and low grass at different sections. The open area transect was located in the vicinities of
a road parallel and next to the Panam4 Canal. Because of the short extension of the ponds,
the transect was made in two nearby sectors situated approximately at 79°39°17"W and
09°03°25"N.

-Cocolf: Is a site with an easy access by the Cocolf roads: K2, K9 and K6. The area
studied in this zone is located between 79°35°36"-79°38°20"W and 08°58°15"-08°59°30"N
(Map N° 3), near the southwest entrance of the Panam4 Canal, in the Panam4 Province.
It is within the Tropical Moist Forest, according to Holdridge's life zonation, and at an
elevation of 0-160 m.

This site was chosen for the closeness of its forested areas and open areas, which facilitates
sampling. In addition, it is situated adjacent to the south entrance of the Panam4 Canal.

The forest of this zone is secondary, somewhat altered as it is part of a military training
area, and it is crossed by several streams and rivers. Two transects were established within
the forest; the first along the margins of the Cocolf River, and the second approximately 10
m away. Both sampling sites were located at approximately 79°37°00"W and 08°59°00°N.

In this site there are also many open areas next to the forested zones, generally along the
edges of the roads. Some have small to large ponds, and in an abandoned quarry are 2-3
small lagoons bordered by tall grass. At this last location, a third transect was established,
located at approximately 79°37°00"W and 08°58°30"N.

-Pequenf: It is an area of difficult access. The trip consists of traveling by boat from Nuevo
Vigfa through the Alajuela Lake and along the Pequen{ River to reach the town of San Juan
de Pequen{i. The area of terrestrial sampling was located between 79°30°48"-79°31°30"W
and 09°22°30"-09°24°15"N (Map N° 3). It is situated mainly within the Tropical Moist
Forest, but some areas being inside Premontane Wet Forest, according to Holdridge's life
zonation; and at an elevation of 80-360 m.

This site was selected because it may be affected if an artificial lake is created for the
functioning of the Canal.

The forests near the town of San Juan de Pequenf are secondary and very altered. The
majority limited to the edges of rivers and streams. This panorama dominates the entire
area near the Pequen{ River, because the human activity is concentrated along its margins.
Nevertheless, less altered forest is found several kilometers away from this town.
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and grasslands, scrublands, cultivated areas, peripheries of populated zones, lagoons, and ponds;
(2) forests (i.c. a canopy present, even if incomplete): included in here are different states of
secondary and primary forests, as well as streams or creeks that are found within the forests;
(3) aquatic zones and their margins: composed by large rivers and lakes. These habitat
categories roughly correspond to certain types of vegetation or plant groupings.

The inventory of herpetofauna was conducted in two forms: (1) through a generalized search,
and (2) using transects. The generalized searches and transects were used to obtain the
information needed for an inventory of species, based mainly on the observation of juveniles and
adults. In addition, the transects were used to obtain data on the seasonal variation in abundance
of individuals (i.e., juveniles and adults) of some species.

The generalized searches were conducted visually, walking, and checking the ground surface,
leaf litter, vegetation, underside of logs and stones, cavities, ponds, the banks of lakes, rivers
and streams and other appropriate sites. Any sampling bias due to searching in suitable places
where amphibians and reptiles are expected to be found is inevitable, as a faunal inventory
requires to find the highest number of species possible. Most of the generalized searches were
made while walking; however, occasionally they were done from a boat or vehicle. The boat
was used to sample the aquatic zones and their margins while traveling to the terrestrial sampling
areas. The vehicle was used to sight animals in the edges or crossing the roads, and to locate
sites from which the anurans vocalized; while, moving within the study area from one place to
another. Generalized searches were carried out both during the day and at night. In each search
were recorded the duration, the number of participants, the category of habitat where it was
conducted, and the number of individuals of each species observed.

The vocalizations of anurans (i.e., frogs and toads), especially their species-specific
advertisement calls, were used to determine the species that were present in study sites, even
when not seen. Tape recordings of the calls of some species were occasionally made for
posterior verification in the laboratory. These auditory observations were made during the
generalized searches and walks along the transects.

Transects of 200 m in length were established in those study sites with suitable areas and
conditions. The transects were made in the forested and open areas, whenever possible. They
were established in the following manner: one along the margins of a pond for the habitat of
open areas; another at least 5 to 15 m away from any source of water, for the forest habitat; and
another in the same forest habitat but along the margins of a creek or small stream. These
transects were walked by an observer, who during his walk noted the species and number of
individuals of each species found, within a width of 1 m and a height of 2 m. The same person
walked all of the transects to lessen variations caused by the observer. Two walks were made
in each transect, one during the day and the other at night, in order to sample animals with
different patterns of daily activity. The resources and time limitations did not permit the
duplication of transects, although this would have been ideal. Nevertheless, in three study sites
the walks along the transects were repeated by another person on a different day or night, to
obtain an estimate of the variability in the counts.
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not very accurate because the counts were only done in the preestablished five sampling periods,
and they have a limited generalization for being performed for one year only.

In addition, seasonal changes in the reproduction of anurans were observed, based on the
advertisement calls of some species. The advertisement calls are produced by males to attract
conspecific females to mate. The result presented for a given species is a summary of a pool
of observations made during the sampling periods at the several study sites.

During the generalized searches and the walks along the transects, general observations were
made about the utilization of the habitats. These ecological observations for each species of
amphibians and reptiles were presented in a list. This list also includes information on their
daily activity pattern and breeding sites, based mainly on our experience and occasionally on the
literature. - ,

(3.3) Omithology

(3.3.1) Sampling sites

At cach selected site (Map N° 4) birds were studied according to the habitat categories as
follows:

-Open areas (i.e., without canopy), consisting mainly of grasslands, pasturelands, bushes,
crops, borders of populated areas, as well as streams within them.

-Eorest (i.e., with a canopy, although sometimes incomplete), corresponding to different
states of secondary and primary forests, including streams and brooks within.

-Aquatic zones and their littoral constituted by lakes, lagoons, swamps, large rivers and
their littoral.

-Marine zone corresponding to marine waters, islands, and mangroves.

In these four categories of habitats the airspace above each site was included. The studied sites
were the following (Photographs N° 7 to 19):

-South Entrance to the Panama Canal (Maps N° 4 and 5): This area is easily accessible,
is located on the Pacific coast, near Pana.aa City, between 8° 54° 01°*- 8° 55° 41'’'N and
79° 31° 22" - 79° 34’ 58''W. It belongs to the Tropical Rainforest life zone (Holdridge,
1979), at an altitude from O to 100 m. Here, forests, open areas, aquatic and marine

habitats are found.

‘This area was chosen for its easy access, the variety of habitats and because it is likely to
be affected by some alternatives to the Panama Canal.
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road. It started at 09°04°52''N-79°40°15°°W, continued with SW direction to finish at
09°03°48°°N-79°39°11"'W. The 2 km transect ended at 09°04’12'’N-79°39°55"'W.

The open area goes just off the shore of the Panama Canal, is covered mainly by Saccharum
spontaneum and is crossed by the Obispos River and small streams. Here, a 3 km route
was marked which started at 09°03'43'°N-79°39°34"'W and ended at 09°02'41'°N-
79°38°27'W. The 2 km ended at 09°02'S5'°N-79°38°S3'W. This route was
complemented with a 300 m survey at the border of a 6 hectare clearing where grasses
dominate, it started at 09°03°52°°N-79°39"19""W and ended at 09°03'49"°N-79°39"12"'W.

The aquatic habitat corresponds to the Canal itself, here observations were made on the 5
km starting just before Cerro Cucaracha at 09°02°13°’N-79°38°30"'W, and continued to the
NW ending at 09°04°14'°N-79°40’18"'W. The 2 km transect ended at 09°03'07"°N-
79°39°11"’W. It was complemented by the 400 m survey around the border of two lagoons
of approximately one hectare each located in the coordinates 09°03’38°N-79°38'59°*W.

-North Entrance to the Panama Canal (Maps N° 4, 7 and 8): It is of easily accessible,
found on the Caribbean coast and is cut by many roads. The study area included the
northeastern part of Lake Gatin and part of the military reserve of Sherman, located
between Chagres River and the Panama Canal in the Province of Colén. Here, forests,
open areas, aquatic and marine areas were found. o

The work area was located between the 09°14°08* and 09°20°25°°N, and 79°55°33"* and
79°57°13"°'W in the Tropical Rainforest life zone (Holdridge, 1979), with elevations of 0
to 40 m.

This site was selected because of the variety of habitats and its easy accessibility. Also
because it is likely to be affected by some of the alternatives to the Panama Canal.

The secondary forest, with apparently old areas, contains Birsonima, Guazuma, Gustavia,
Anona, Spondias, Didymopanax, Cordia, Miconia, Luchea, Prioria, and others. Here, a
Y-shaped route was established with a length of 2.5 km, starting at 09°17°52"'N-
79°55’41"’W on the road of Gatin, continuing on the West to the 09°17°S0’’N-
79°56°32°*W, where the 2 km transect ended. The remaining S00 m of survey correspond
to the "Y" branch with NW direction, which followed the water pipes from the midpoint
to the 09°18°02''N-79°56"25"°W.

~ The open area was represented by the parachuting field in Sherman, on the side of the
French Canal. It is a grassland with approximately 100 hectares where elephant grass
(Penicetum purpureum) is dominant, but where Saccharum spontaneum and S. oficinalis is
also found. Here a 2 km survey route was traced starting at 09°17°31°°N and
79°55°36"'W, ending at 09°16°47°’N and 79°55°44"°'W. Towards the middle of the survey
there was a branch 150 m to the right and another to the left. The area flooded and had
sewage effluents; in addition, was surrounded by secondary forest.

42



194

"M..Z1.¥€.6L-N..00.51.60 01 dn uonoanp MN © Ut 15800
s, 9)e] 3 YBnosy) yInow A woly JuInunuod ‘M, £5. 1€.6L-N..$0.71.60 03 WY T JOJ JOAL
dn Bumnunuod ‘M, 1€.£€.6L-N..I€.E1.60 18 Su3eyD opy Jo yinow 3P 01 M., 10.¥E.6L
-N..60.£1,60 18 pouels anox syl “suBey) oy jo yinow y ot 3unensuad pue
epanfely aye] Supjuey ‘wy Z°£L1 JO Anos A3Auns € Juasaid jeriqey rezont| sit pue snenbe sy

"M J10FEo6L-N.6V.91,60 & PIpu’ pue M I1€.£€.6L
’N.‘$§s71o60 e m Y10 YL 'MHCS.EEo&‘Nu6€¢Vlo60 e qS!ug ) Mulhsﬁo&
-N..LO.STo60 & (1Y oy jo doy 3y 03 Jesu pIrers uQ "ssoId & Jo deys ap ur un 7
SeM IN0I ASAINS YL °SIYI0 pur pydossof ‘SLIDg ‘unuuadsoydo) ‘soipuods ‘owmosig
‘Duouy ‘013fi3uvpy ‘oskydiq ‘wmiqojosomg ‘odmaD ‘v3ul ‘wmpisd ‘Smord M| ‘punoy
are s3an posIdSIp JWOS pue ‘SQIUYS ‘SIYSNQ JWOS ‘AIFH IUBUILOP B NOOISIAN 1OJ
sanjsed azoym uenf ues oud)) Jo sadogs oy ut spueaanised Aq parudsazdas st eare uado ay

"PRQIMISIP 00 St BaTe Y] ISNERq
‘aoeld renbape ou sem 219y) 0UIS pAYIEW Sem 15310) aY) 01 Sutpuodsariod nos A3AIns ON

‘w 0oz 01 dn suoneasre yim AydeiSodoy reinBaun ue pey i1 (6,61 ‘93pUPIOH)
suoz Jjif Isojurey [eoidoi] 3yl ut punoy St I pue M, .TI.bE.6L PUB .£S.1€.6L
AP uRMIq pue ‘N, L0.ST.60 PUR ,,60.£1,60 Y1 UMISQ P3IEOO] Sem BaJe YoM YL

‘(suods 1em pue 3utysy) seare
[euoneaIsdr jo pue ‘sdosd ‘spuepainised isa10j Jo surewas syuasaid axye] oy Jo a3pa YL

- ‘reue) eweued 3y Jo doueuntopad saoidwir 0y Ixej
[eloynIe Ue JO UONINISUOD Y} AQ PAIXRYJe 3q 03 A1 SI I ISNEBIIQ PNV Sem IS SIYL

‘1e0q AQ poyoeas 3q ued yorym (pueunised) eare uado a3 st ‘einbuer] jo umoy 3y
punore ‘yueq s,9¥el Y1 1y "saSeyD oRy JO yInow Y3 SIPNJOUT OS[e Yorym ‘sutdeq eponfery
X JO ASAIns eiseod ayl udym jutod Yl 03 ‘yeoq Aq ‘uo A wolj pue ‘eISIA OAINN
0} dn re> Aq poydeas 3q ued 31 ‘30e[d I[qissIOe UE ST I (6 PUe § (N Sdep) EITMBUEIY-

"PILIEIS 31 AUIYM 1S9M Y3 UO BUIPUD ‘M, 8E.SS.6L-N: . T€.ST1.60 43 03 YUON
3y 01 $903 uUAP ‘M, EE.SS-6L-N..OP.P1.60 18 puers] odereny 03 N P 03 Sumunuoo
‘M20.95.6L-N..80.71.,60 3p 01 dn spuerst nqureg pue eq) jOo Pnos Y Y3norp
Burssed 1590 Y1 01 UO AP WOLJ ‘M. (SS.9S6L-N..60.P1.60 Y1 01 MS 4} 0) PANUTUOO
‘UYL "PIPUD UIY T Y UM ‘M 8E.9So6L-N.6E 160 O ‘M. L1.9S.6L-N..1Z.ST.60
18 poUEls I "unen SYeT JO MN Yl 01 pORX Sem 3jnol uy g ue jeliqey onenbe A uQ

"DI[DUNLI], PUC uruuadSOnI0D
‘wnioydIvs ‘oiproundliyg ‘sndipiouo) st AR 19PI0Q Y} OL “UMAIND UMYDYSOLIY
pue vioydoznyy ospe sem A NG ‘DSOWIIDL DUDMOUNSDT JO K[Urew PpIIHSUCD
SeM 39300 JA0IBURW YL ‘M., E1.LS06L-N..ST.0Z.60 T8 MS Y1 UO PIPU PUe M, LP.9S 6L
“N..20.12.60 18 parers j| 15800 Aeg UQWIT 9yl pUe SACIZUBW UBULIYS AP URMIIQ
peos umyen 3 noy3nonp Anos AdAIns wy z e paussaud K103nes yenqey suurew YL

e



_——r—

-Pequeni (Maps N° 4, 10, and 11): Is a distant place with more or less difficult access, the
first step is done by car (until Cerro Vigfa) and the second by boat (up to San Juan de
Pequenf through Lago Alajuela and Rio Pequenf). It is a mountain river with a strong
current, and numerous rapids that make it is difficult to navigate.

This site was selected because it is likely to be affected by the construction of an artificial
lake to improve performance of the Panama Canal.

The work area was between the 79°30°36° and 79°36°30’'W, located in the Tropical
Rainforest life zone (Holdridge, 1979), with elevations of up to 200 m.

One of the habitats corresponded to the aquatic zone and its littoral (Lake Alajuela and Rio
Pequenf). The coastal areas are mainly destined to cattle ranching and agriculture,
pasturelands and stubbles are dominant. There are just a few remains of riverside forest
and the following species are more or less abundant: Ficus, Pithecolobium, Inga, Senna,
Psidium, Didymopanax and Cecropia.

Here, the survey route was 20.75 long, starting at 09°14°52’°N-79°36°30"'W, and 13.75
km afterwards, on the mouth of Rio Pequenf, at 09°21°09°°N-79°33"04''W. Continued 5
km up river to 09°22°08'°N-79°31'42""W (mouth of Quebrada San Francisco) where the
2 km transect started, which ended at 09°22°50°*N-79°31°22"’W up river, on the town of
San Juan de Pequeni.

The accessible forests have been disturbed, there only remain some patches separated by
pasturelands and crop areas (Zea, Manihot, Oriza and Musa). There are mainly found on
river banks and streams where human populations establish. On the distance secondary
forests which looked less disturbed could be seen. The survey route was 2 km long,
marked from 09°23°00"°N-79°31°'20"°W on the forest starting behind the station of the
Panama Canal Commission up to 09°23°18°N-79°30°36’"W. The transect was serpentine,
passing through tall, low, dense, disperse forests, and others interrupted by grass clearings,
crop fields in used and abandoned. It is common to find Guazuma, Inga, Anacardium,
Spondias, Didymopanax, Psidium, Mangifera, Byrsonima, Musa, Bactris, Tectona, Isertia,
etc.

The open area correspond to pasturelands between the brooks of Tiarillo and Candelaria,
where pastures are dominant and some fruit trees are present, such as: Spondias, Psidium,
Byrsonima, Chrysophyllum and Inga. Here two serpentine transects, of 1 km each. One
oriented to the NS starts at 09°23°15°°N-79°31°50"'W and ends at 09°22°54'’N-
79°31°30"°W. The other, oriented EW, starts at 09°23°00°°N-79°31"33"'W and ends at
09°22°'50°°N-79°31°53"’W.

-Cirf (Maps N° 4, 12, and 13): It is a distant place, of more or less difficult access. The
first step is done by car up the town of Cuipo, the second is done by boat, and reaches the
settlement of El Chorro, through Lake Gatin and the Cirf Grande river. The survey by
boat takes approximately one hour and 15 minutes. The lake has submerged trunks which
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(3.3.2) Eield observations

Inventories were carried out through survey routes, in each habitat, whose length depended on
the extension of those habitats. The shortest survey corresponded to two (2) kilometers. With
surveys covering the entire route and the specific survey of 2 Km. In each enough information
is intended to obtain an inventory of species. Besides, the 2 km survey gave more information
about the seasonal variations on species abundance, and of group species and individuals of
some species.

The survey routes were carried out on foot, very slowly, observing with the naked eye and with
binoculars, the floor, trunks, branches, and foliage in general, and the airspace over each
habitat. Routes on the sea, lake, and rivers, as well as marginal forests, open areas of the
littoral, and those over the routes were surveyed.

The surveys started very early in the morning, preferably before dawn, and finish near noon.
In each survey, starting and ending time are recorded, also amount of participants, category of
habitat, name of species found, number of individuals of each species, plant/animal relationship
or habitat use (feeding, reproduction, wintering, and others), bird condition (game, endangered,
threatened, or migratory) were all recorded. Finally, those species captured on nets were also
recorded. The latter could be observed in more detail and in closeup, which verified the
identification of these birds. a

Bird songs and other sounds were used to recognize species within the study area but were not
seen. Recordings were made of the calls of certain species for later verification.

In the survey routes 2 km long transects were marked, whose width and depth was determined
by the available visibility. Specifically transects were drawn on lakes, lagoons, and rivers and
their littoral for the aquatic littoral are in groves for forests, in grasslands, pasturelands, and
bushes for the open areas, and in the sea and mangroves for the marine habitat.

Each survey route, and therefore the 2 km portion was surveyed once and was always worked
on by the same two (2) people to decrease variations caused by observers.

Boats were used to carry out surveys on lakes and rivers, in the case of islands and the sea,
surveys were done walking through landfills and along the coast. In all other cases surveys were
done on foot. The information was complemented with information obtained from local
inhabitants and park rangers on the presence of game and pet birds.

A non-destructive survey of the habitats was carried out, none of the specimens captured in nets
were retained. In every moment, disturbances to the environment were avoided, in order to
diminish distortions of our observations. With the data obtained from surveys, conclusions were
drawn on habitat use, and in turn, were categorized into types of vegetation and plant groups.
To achieve a more effective sampling, repetitions were made on three (3) of the six (6) sampling
sites, including the rainy and dry season. Selected sites corresponding to the North Entrance
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All live mammals sightings and road kills were recorded while travelling between specific sites
or during other travels. Informal transects were made almost daily by boat and car, by daylight
and at night, and mammals recorded. People who were encountered in or near trap sites were
interviewed for their knowledge of local mammals and, during conversations, an attempt was
made to judge their reliability as informers. Colleagues from STRI who were working in the
field were also regularly interviewed as to what species of mammals they had seen.

b) FRESHWATER
(1) Water Quality
(1.1) Sampling methods

Sampling took place in thirteen (13) locations in accordance with the Terms of Reference (Map
N° 15). Sampling schedule was executed on a quarterly frequency with five (5) sampling
periods during the study. All locations were sampled within a time frame of five (5) days during
each quarterly sampling. Water samples or readings were taken at surface and bottom. A
Global Positioning System (GPS) supported by satelites was used to determine location of each
sampling site. A Van Dom type sampler, non metalic, approximately 2.5 lts., was used to
collect water samples.

(1.2) Laboratory procedures

Following measurements and analysis were carried out: physical (turbidity,temperature,
conductivity, secchi depth, and suspended solids), chemical analysis (dissolved oxygen,
ammonia, alkalinity, Nitrate-N, Kjeldahl-N, total phosphorus, iron, lead, copper, zinc, and
Mercury), and biological tests (clorophyll @, biological oxygen demand, and coliform bacteria).

In accordance with TOR guidelines replicate analyses (2) were conducted on samples and
replicate readings (3) for in-situ measurements as well. Ten percent (10%) of field samples were
repeated for Quality Analysis Control (QAC).

The following is a brief description of the analytical methods:

-Turbidity: was measured using the nephelometric method (EPA 1983). This method is
applicable to potable water, surface, and sea water. It is based on the comparison of the
intensity of light dispersed by the water sample under defined conditions with the intensity
of light dispersed by a standard suspension under the same conditions. The greater the
intensity of light dispersed, the greater the turbidity. The polymer formazine is used as the
standard reference suspension.

- ids: dried at 103-105°C (APHA 1985). A well-mixed water sample is
filtered through a weighted glass-fiber filter and the residue retained on the filter is dried
to a constant weight between 103-105°C. The increase in the weight represents the total
suspended material.
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-Fecal coliforms: water was filtered through a membrane which retains the bacteria. The
filter is transferred to an absorbent pad satured with nutrients. The growing colonies feed
by capillary action through the filter pores (APHA 1985).

-Total coliforms: water was filtered through a membrane which retains the bacteria. The
filter is transferred to an absorbent pad saturated with nutrients. The growing colonies feed
by capillary action through the filter pores (APHA, 1985).

-Chlorophyll a: was determined by spectrophotometric analysis. The large zooplankton are
removed by straining a sample through a nylon net of about 300-mesh size. Then the
phytoplankters are filtered onto a Millipore AA filter or a glass filter. Pigments are
extracted with an acetonic solution (90%) from the algae cells for estimation
spectrophotometrically (Strickland & Parsons 1972).

-Heavy metals (copper, iron, lead, zinc, and mercury): chelation with APDC and extraction
with MIBK in water. All of the determinations were performed by atomic absorption

spectrometry (APHA 1985).
(2) Sediment Quality

Sampling was effected in seven (7) sites of Gatun Lake (Map N° 15). A Global Positioning
System (GPS) supported by satelites was used to determine the location of each sampling station.
Two (2) sediment samples were collected in each site using a Ponar dredge. One (1) of the
samples was used for the grain size analysis and the other for the following chemical analysis:
total carbon, total nitrogen, iron, copper, zinc, lead, and mercury.

The analytical procedure were the following:

-Granulometry: two sub-samples were taken from each of the samples for granulometric
analysis. The method used was a quick sediment determination based on the Wentworth
scale (Holme & MclIntyre, 1984). Sediments were classified depending upon the average
grain size obtained (in mm) according to the following classification: very coarse sand
(1.00-2.00 mm), coarse sand (0.50-1.00 mm), medium sand (0.25-0.50 mm), fine sand
(0.125-0.25 mm), very fine sand (0.062-0.125) and silts and clays (< 0.062 mm).

-Total nitrogen: the analysis was performed through Kjeldahl digestion.
-Total organic carbon: analysis performed using a carbon analyzer.

-Heavy metals (copper, iron, lead, zinc, and mercury): sediments were digested with
HNO,/HCIO/HF and measurements by atomic absortion spectrometry.

: sediment samples were analyzed using the SW-846 soxhlet extraction
method 3540B. Following extraction, samples were cleaned up using a silica/alumina
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(5) Fishes and Macroinvertebrates

(5.1) Eield methods

Fish were collected in the sampling sites indicated by the TOR (Map N° 15). Fish samplings
were carried out using experimental gillnets of 50 m. long by 3 m. depth, which have 5 panels
with different mesh sizes ranging of 2.5 cm. to 10 cm.

These gillnets were set in the sampling sites for about 14 to 16 hours mainly during the night
time and were collected at next moming. Every collection was made with two replicates per
station and all material collected was proccesed in the field, where were separated in species,
measured their total body length in cm using a measuring board, and weight in grams using a

spring scale.

The benthic macroinvertebrates were caught using as main fishing gear national and imported
traps baited with plants and rotten meats.

(5.2) Laboratory procedures

Most of the fish species were identified in the field using keys, but sometimes some species were
preserved and taken to the laboratory for their verification. Also we selected and preserved all
specimens for the reference collection. Specimens were identified using the taxonomic keys
from Meek & Hildebrand (1916), Meek & Hildebrand (1928), Hildebrand (1938), Breder (1944)
and Bussing (1987).

All of the collected macroinvertebrates were identified in the laboratory according to Abele &
Kim (1989) y Abele (1972).

(6) Commercial and Sport Fishery

The information on the fisheries was directly gathered in the field through interviews and census
carried out among the inhabitants of the Canal lakes area. Also some officials from fishermen
cooperatives colaborated providing valuable information. Sport fishermen were also interviewed
during our routine field collection trips.

Additional data was obtained from the official records from the Department of Aquaculture of
the Ministry of Agriculture, and the Institute of Natural Resources.

(7) Aquatic Mammals

Observations and collection of mammals, including aquatic and semi-aquatic mammals, were
effected between September 22 and December 29, 1992
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-The collection team waited approximately five minutes for the reversing thermometers to
stabilize in order to determine the most accurate temperature of the surrounding water. The
messenger was then launched and the bottles retrieved. Once the sampling bottles were
aboard it were waited 10 to 15 minutes before the reading of the auxiliary and main
thermometers in the protected type reversing thermometers. The thermometer readings
were performed three times and all of these readings recorded in the field data sheet.

-The different sample bottles were filled in the following order: dissolved oxygen,
bacteriology, volatile organics, BOD, nutrients, and metals. The bottle code and collection
level for each sample was recorded on the field sheet.

-The water transparency was measured using a Secchi disc and these measurements were
repited. three times and then recorded the information in the field data sheet.

(1.2) Water samples analysis

The following is a summary of the laboratory procedures for the analysis of sea water samples:

-Turbidity: was measured using the nephelometric method (EPA 1983). This method is
applicable to potable water, surface, and sea water. It is based on the comparison of the
intensity of light dispersed by the water sample under defined conditions with the intensity
of light dispersed by a standard suspension under the same conditions. The greater the
intensity of light dispersed, the greater the turbidity. The polymer formazine is used as the
standard reference suspension.

-Total suspended solids: dried at 103-105°C (APHA 1985). A well-mixed water sample is
filtered through a weighted glass-fiber filter and the residue retained on the filter is dried
to a constant weight between 103-105°C. The increase in the weight represents the total
suspended material. -

-Salinjty: was determined through the measurement of the conductivity using a salinometer
LabComp model SCT-100.

-Dissolved oxygen: was determined according to Winkler’s method (Strickland & Parson
1972). A divalent manganese solution, followed by a strong alkali, is added to the sample.
The precipitaded manganese hydroxide is dispersed evenly throughout the sample. Any
dissolved oxygen rapidly oxidizes an equivalent quantity of divalent manganese to basic
hydroxides of higher valence states. When the solution is acidifies in the presence of
iodide, the oxidized manganese again reverts to the divalent state and iodine, equivalent to
the original dissolved oxygen content of the water is liberated. This iodine is titrated with
standardized thiosulphate solution.

-Total nitrogen: was analyzed according to the Kjeldahl method described by APHA (1985).
This method determines nitrogen in the trinegative state.
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-Volatile organics: were determined using the EPA 8260 method, in which analysis is made

by gas chromatography/mass spectrometry (GC/MS). These analysis were performed on
samples from July, and August 1992.

-Heavy metals (copper, iron, manganese, and zinc): chelation with APDC and extraction
with MIBK in water. All of the determinations were performed by atomic absorption

spectrometry (APHA 1985).
Field trip blanks and equipment blanks were performed for each of the quarterly samplings.
(2) Sediment Quality
(2.1) Eield methods

Collections were carry in all 14 stations as established in the TOR (Maps N° 18, and 19). Eight
stations were located in the Pacific side (MB-01 through MB-08) and six in the Caribbean side
(MB-09 through MB-14).

Pacific collections were done on the following dates: July 22-24 and 29, 1992 (Cruise I), August
27-28 and September 11, 1992 (Cruise II), December 1-3, 1992 (Cruise III), March 2-3 and
S, 1993 (Cruise IV) and May 18-20, 1993 (Cruise V).

Caribbean collections were done on the following dates: July 15 and 31, 1992 (Cruise I),
September 2, 1992 (Cruise II), November 14 and December 12, 1992 (Cruise III), March 6,
1993 (Cruise IV) and May 21, 1993 (Cruise V).

The following steps were taken for the collection of samples:

-A Petersen grab, with an effective sampling area of 30.48cm X 30.48cm (0.10 m?), was
placed on the automatic hydraulic winch of the ship.

-Four replicates per station were made (three for counting the benthos and one for sediment
analysis).

-The material from the three first replicates (A, B and C) was placed in large plastic bags,
carefully labeled and marked, placing them in plastic cubes. All of these samples (used for
organisms counts) were preserved with enough 37 % formalin immediately after -its
collection.

-The replicate material (replicate D) was separated into three sub-samples: one for
granulometric analysis placed in small plastic bags and the rest for physical-chemical
sediment analysis were placed on special containers. All of these samples were carefully
labeled and marked lacking any preservative. All sediment analysis samples were placed
and transported in ice chests at all times while the granulometric sample were placed in
plastic buckets.
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photographs. The coral reef in the Pacific side were directly measured, using measuring
tapes, since there are no aerial photographs available for the Taboga, Urab4 and Taboguilla
Is. area.

All of the geographical names used in this inventory of corals reefs are based on the
information provided by the maps (scale 1:50,000) from the Instituto Geogréfico Nacional
"Tomy Guardia" (1991), in the interest to facilitate the appropiate geographic reference.

-Preliminary reconnaissance of the coral reefs: The reef’s flats in the Caribbean side were
studied during the extreme low tides of August and September of 1992. The composition
of species of corals and other sessile organisms, mostly macroalgae, was recorded. It was
found that it was not necessary to quantify the coverage by sessile organisms in this sector
of the reefs since these reef’s flats are totally covered by macroalgae.

All of the coral reefs within the study area were studied using scuba or snorkel in order to
produce a list of coral species, and to observe the biological estructure of the community.
Some of the observations on the reef were carried out towing a diver from a boat at very
low speed. This method is known as "manta” tow and allow the cualitative observation of
extensive area of the coral reef, therefore increasing the possibility to find "rare” species
that are not easily encountered when the study is exclusively based on transect lines.
However, this method is unsuitable to assess the coverage of the coral reef (Ferndndes et
al. 1992).

-mmmw: After the preliminary reconnaissance of all of the
coral reefs within the study area, those considered as the most representative were selected
for further observations. The coverage of the coral reefs as well as the abundance of the
most common sessile organisms were recorded at 11 coral reefs in the Caribbean and 3
coral reefs in the Pacific (Maps N° 21 and 22). Only the corals were identified to species.
The study of the coral reef structure was carried out using 1 m* PVC quadrats which is the
same method used in former studies in this area (Guzm4n etal. 1991). Four transects were
recorded in each of the selected coral reef, from a fixed point at the top down to the base
of the reef (maximum depth of reef growth). The quadrat was placed along the transect at
intervals of 3 m, depending on the length of the transect and the topography of the reef.
Thirty square meters were sampled at each transect, making 120 m? in total per reef. Each
quadrat was divided into 100 sections of 10cm X 10cm. This method was used to estimate
coverage of each species of coral as well as the cover of other sessile organisms.

For the analysis of the data the quadrats were grouped into 4 range of depths: 0.5 -3 m,
>3-6m, >6-9m,and >9- 12 m. At each interval of depth it was recorded the mean
coverage and the number of species of corals (m?).

-Coral taxonomy: It is important to indicate that the taxonomy of the specimens collected
in this study is based on the information provided by the most relevant scientific papers.
Although, it is possible that some changes in the taxonomy might occur as new species are
described or re-described (Knowlton gt al. 1992).
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(3.3) Marine grass
The procedure for this study was as follows:

-Literature survey: a comprehensive survey of the literature on seagrass meadows in Panama
was conducted as the first step in this effort. In addition to the Panamanian literature a
synopsis of the available literature from other similar regions (e.g., Colombia, Costa Rica,
Puerto Rico) is presented in an appendix to this report. Not all of the references located
by the search are cited in this report but they do serve to show the ecological importance
of seagrass ecosystems in tropical and subtropical coastal areas of the Americas.

Grassbeds along the Panamanian coastline tend to be located between fringing reefs and
mangrove shorelines. In south Florida grassbeds are much more extensive and reach
greater depths. They are ecologically important in all areas but they are not ecological
equivalents. Thus it would be unwise to characterize Panamanian grassbeds from studies
done elsewhere.

-Seagrass surveys: seagrass surveys were conducted along the coast between the Rio
Chagres and the western side of Isla Payardi; including Bahia Las Minas, Bahia Margarita,
Bahia Limon, and the numerous small coves between Bahia Limon and the Rio Chagres.
Surveys began with a reconnaissance trip within the branches and along the shorelines of
the two major coastal embayments. Survey routes were recorded by a Global Positioning
System receiver connected to a laptop computer. The GPS unit was not used in tandem
with a stationary unit. Therefore the accuracy of the recorded positions is variable. Small
seagrass patch locations may or may not be located precisely at the recorded positions.

A fathometer was used to determine water depths; this was most useful along the banks of
the Rio Chagres, where the bottom was not visible from the surface. Shorelines and
shallow areas were observed by diving or by inspection from the surface when the water
was clear. When seagrasses were located their positions were recorded; seagrass species
composition, water depths, and estimates of aerial extent (for small patches) were also
noted. - Large seagrass beds were revisited to produce more thorough surveys and
descriptions of site characteristics.

Sea bottom contours were profiled, as described below, within each of eight small to large
seagrass beds. Several additional seagrass beds were located and described in areas that
were not amenable to the type of surveys conducted at the eight profiled beds. The
additional beds were either too small or they were located in areas that were probably
highly polluted. Surveys from the sea surface were used in characterizing seagrass beds in
the polluted areas.

At each site transects, marked by measuring tapes, were set out at right angles to the main
axis of the shoreline. Transects began on the shore, if not covered by mangrove forest, or
at the seaward edges of the mangrove forest. Starting points were marked with paint and
their GPS positions were recorded. Afterwards each transect was either visually surveyed,
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(4.2) Laboratory procedures

Processing of the benthic community samples followed the recommendations given in Holme &
Mcintyre (1984) and Parsons et al. (1985):

-The three replicate samples used for counting the benthic organisms (A, B and C) were
sieved under a 1.00 mm standard sieve, using abundant water for washing.

-All of the retained material by the 1.00 mm sieve was placed in one gallon Ziplock plastic
bags.

-A solution of a biological stain (Rhodamine B or Rose Bengal) was added to each bag
enough to completely cover the sample. The biological stain solution was prepared by
diluting 0.6 g of stain in one liter of 5 % formalin.

-All benthic organisms (red stained) were separated and counted under a dissecting scope.

-Organisms were placed on small 2 oz. glass vials with proper labels, being changed to 75
% alcohol as final preservative solution after one week.

In this report the identification as to species or to the lowest taxonomic category | is given for
all 16 animal Phyla found in five cruises. The taxonomic list of benthic organisms follows the
phylogenetic order suggested by Barnes (1991).

Identification of benthic organisms was based on the following keys: Porifera (Barnes 1991),
Cnidaria (Barmes 1991, Mendez 1987), Platyhelminthes (Hyman 1951), Nemertinea (Hyman
1951), Mollusca (Abbott 1974, Feinberg 1980, Keen 1971, Warmke & Abbott 1975), Crustacea
(Rathbun 1937, Sieg & Win 1978, Abele & Kim 1989, Brusca & Iverson 1985, Murillo 1988,
Kensley & Schotte 1989, Rodriguez 1980, Schram 1986), Sipuncula (Barnes 1991, Hyman
1959), Bryozoa (Barnes 1991, Voss 1976), Echinodermata (Barnes 1991, Downey 1973, Hyman
1955), Hemichordata (Smith 1977), Chaetognatha (Newell & Newell 1977, Smith 1977) and
Pisces (Cadena & Flores-Coto 1981, Meek & Hildebrand 1923).

(5) Meroplankton
(5.1) Field methods

Collections were carried out in 11 stations (6 on the Pacific and 5 on the Caribbean) in five (5)
quarterly samplings as follow: July, August, and November 1992, February and May 1993
(Maps N° 25 and 26). The positions of the sampling sites were established using navigation
charts of the Gulf of Panama (Pacific) and Cristobal (Caribbean). The positions were verified
using a GPS (Global Position System) with a precision of 50 to 100 meters. Depth was
determined with a Hummingbird Sonar (Model LCR 400 ID) with a range of 600 feet. At each
station, samplings were in triplicate using a plankton net 1m in diameter, 3m long, a mesh size
of 300u, and a General Oceanics flowmeter (Model 230R). The haul was done for 15 minutes
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(6.2) Laboratory procedures

The fish collected were identified using systematic keys provided by Jordan & Evermann 1396,

Meek & Hildebrand 1923-1928, Bohlke & Chaplin 1968, Randall 1968, Chaplin & Scott 1972,
Howell & Dawson 1974, and INP 1976. The measurement of the specimens was carried out

in the laboratory where the total lenght (TL) in cm and the weight in grams was recorded.

For the monitoring of the gonad maturation the techniques described by Nielsen & Johnson
(1983) were used. The gonads are removed, weighted and this weight is expressed as a
percentage of the body weight prior to gonad removal (Gonadosomatic index, GSI). Also,
because tropical fish reproduce throughout the year (Nikolsky 1963) and in order to document
more accurately the reproductive patterns of the fishes it was also used the classification based
on the phases of gonad maturation proposed by Snyder-(1983). This classification is based on
the appearance and the size of the gonads as follows:

-Phase I-Immature: The gonads of juvenile fish are generally very small and threadlike or
stringlike, and they lie close to and under the vertebral column. They appear transparent,
translucent, colorless or grey; in some species, the ovaries are wine-red and the testes are

whitish to grey-brown. The oocytes in the ovaries are very small, transparent, and not
visible to the unaided eye. .

-Phase II-Developing, ripening, or maturing: The gonads enlarge until they finally fill the
body cavity, reach a maximum weight, and have produced gametes in a mature, ripe, or
gravid state. Testes generally turn from a reddish color to white. Ovaries become opaque
turning from red to yellow or orange color because of the process of vitellogenesis, during
which yolk is accumulated in the enlarging oocytes. Because or numerous blood capillaries,
the ovaries may appear tinged with red. The developing eggs themselves change from very
small, transparent oocytes to large, opaque, clearly discernible ova filled with yolk material,
most becoming round and transparent just prior to spawning. Towards the end of this phase
the testes may yield small amounts of milt when pressure or a milking force is applied to
the abdomen, but they will not be in a running-ripe condition.

-Phase III- ing-ri ing: The gametes of fish in this condition are in
a mature form with eggs typically round and transparent. Both eggs and milt flow freely

from the body with little or no pressure applied to the abdomen. Gonad size and weight
decline rapidly during spawning activities.

-Phase IV-Spent or recovery: The testes and ovaries are emptied of most mature gametes
and are considerably reduced in size and weight with organ walls striated. The gonads are
red with prominent blood vessels; the ovaries may be bloody at the beginning of this phase.
Residual sperm and advanced or mature eggs are broken down and resorbed. If the fish is

to begin another cycle, small transparent oocytes may already be developing but remain
invisible to the naked eye.
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4) RESULTS AND DISCUSSION

a) TERRESTRIAL
(1) The physical environment

The Isthmus of Panama, due to its climatic characteristics and soil evolution, has natural
conditions to sustain a forest type cover. Most of the area was covered with tall forest until the
first half of the sixteen century, when the introduction of cattle, sugar cane and the production
of food, firewood and timber for a growing population started a forest destruction that continues
until today. These facts have been verified and commented by anthropologists, biologists and
natural scientists in a number of publications since the second half of this century.

In the Gatun and Madden watershed (some 3,338 km?), this destructive process was the same
as in the rest of the country but with important variation. The 1904 Panama Canal Treaty
reserved for construction and protection the so called Canal Zone; thus, the area remained out
of Panamanian jurisdiction and under military control. This halted new colonizations, eliminated
many of the existing farming and cattle raising schemes, and discouraged human occupation of
the area, except for activities related to the operation and maintenance of the Panama Canal.
These circunmstances favored a slow return of previously deforested areas to dense original
forest. However, the colonization process never completely ceased, and in the past fifteen years
it has increased with the expansion of agricultural and grazing frontiers threatening the integrity
of the watershed and the survival of the Canal. The study area is now covered with an intrincate
mosaic of remaining primary forest in the steepest terrain and in areas of difficult access,
secondary forest in different stages of development, grasslands and small patches of temporary
crops. The completed watershed of the Canal has aproximately 3,338.5 km? (1,289 square
miles) and is divided in two sectors, SW low watershed including Gatun lake and its main
tributaries (Gatun, Cirf Grande and Trinidad) and NE sector upper watershed, comprising
Alajuela (Madden) lake and its principal tributaries (Chagres, Pequenf and Boquerén).

On low watershed about 95% of the area has been depleted from the original forest cover. A
gentle topography and relatively flat lands have encouraged low intensity agricultural activities
and establishment of large areas with native and exotic grasses, appropriate for grazing.
Apparently, erosion is not very important because of topographic condition and temporary use
of land. Abandoned land, after temporary use, is covered with piooner vegetation, first stage of
natural succession which protects soil and keeps rate of erosion low.

On the upper watershed, even with a much smaller deforestation rate, a combination of higher
rainfall and steeper topography are factors of accelerated erosion. At the beginning of the
century, Embera indians started the process by establishing crops for subsistence (rice, corn,
plantain, coffee) in dispersed areas of less of two hectares which occasionally, were abandoned
and replaced for new ones. The system is compatible with ecology; nevertheless, new
colonizations mostly from central provinces, are threatening the watershed integrity especially
the upper one. These farmers ("colonos”) purpose is to raise cattle (Heckadon 1985); since vast
spaces are needed to develop this activity, large areas of forest are cut and remanents are
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The physical conditions of the soils were observed as follows:

-

P
st
st
loam
(
Epiped umbric ochric ochric ochric ochric ochric
Endoped cambic oxic oxico cambic oxico oxic :‘
¢
Drainage moderately- | well well well well well tc
well drained | drained drained drained drained drained n
Texture clayish fine fine fine fine clayish w
clay clay al
moderately | moderately (M
deep deep
Origin limestone igneous exteasive extensive sandy exteasive tr
rock igneous igneous rock | sedimentary | igneous
rock rock : th
45% - 75% 20% -45% | 45% -75% | 45% -75% 8% -20% 2
little to little to little to little to
moderate T
€\
moderate
be
Iv re
L
Class IV soils are defined as tillable with severe limitations on plant selection or requiere very 0«
careful management. P;
Class VI soils are defined as non tillable, with severe limitations for agriculture, suitable for T

pasture land, forest, and biological reserve.

Class VII soils are defined as non tillable with very severe limitations for agriculture, suitable
for forest, watershed protection, and biological reserves.

(2) Flora
Results from sampling sites are summarized in Tables N° 4 to 28.

In Table N° 4 a general summary for all vegetation sampling sites is presented. The percentage
of samples identified to species level reached 93.4% (27,581 out of 29,528 samples); the rank
fluctuates beetween 98.9% for Mandinga samples to 91.1% for Pequeni. Mixture ratio varied
from 0.06 in Cerro Jefe (the most heterogeneous association) to 0.15 in Chagres, the association
with lower diversity. As to number of trees with diameter equal or bigger of 10 cms. the most
forested association was Cerro Jefe with 763 trees and Trinidad with 211 trees had the lower
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@3 Basal area and timber volume

Considering only D.B.H. of 10 cm or higher timber volume was calculated (in m3 for each

individual and the every one of the 50 subplots of each site).

Chagres with 462.05 m3/ha rank first in volume and Trinidad with 63.27 m3/ha was the
association with lowest timber volume. Timber volume considered by itself is deceitful a very
few of the big aund abundant species detected are actually of commercial importance. This is
an important condition for discouraging organized timber extraction for commercial purposes.

(3) Fauna
(3.1) Entomology
(3.1.1) New Jersey black light trap (Tables N° 29, 30, and 31)

The following insect species were collected:

-Culicidae: 10 genera of the Culicidae Family were collected at the four localities, all of
which were present at Gamboa, and Arenosa and 8 at Arraijan and Paraiso. Gamboa was
the station with a greater number of specimens collected (4756), while at Paraiso 222 were
collected. Culex was the genus more frequently found in all the localities, followed by
Aedeomyia, Uranotaenia, Mansonia, Anopheles, and Ae-es. Populations of Culicidae were
drastically reduced in the dry season with the exception of Aedeomyia that went up during
this period at Gamboa. It is worth mentioning there was a considerable increase in the
population of this group at Arenosa in September. Due to the condition of the samples of
Culicidae it was only possible to identify males, so the following species were determined:
Anopheles albimanus, A. vestitipennis, A. punctimacula, A. pseudopunctipennis, Aedes
taeniorhynchus, Mansonia titillans, and M. indubitans.

Among the insects found that may be considered of medical importance, the Anophelines
occupy the first place because of their potentiality as vectors of malaria. Traditionally,
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In general, the wet and dry seasons do not seem to have affected the Populations of this
group of insects. ltisimpomnttonotemawoutof?speci&s traditionally known as
anthropophilic in habit, L. gomezi, L. olmeca, L. panamensis, L. pessoana, L. trapidoi, and
L. ylephiletor, were present. These have been reported as carriers of skin leishmaniasis in

Panama. L. sanguinaria was the only anthropophilic species not found in this study. Other
non anthropophilic species that were collected are important because they may contribute |

to maintain the parasite in wild reservoirs

Although Gamboa was the locality where more species were obtained, the greatest
ecological diversity for this group was obtained at Paraiso (H’=0.699), followed by
Arenosa (H’ =0.677), Gamboa (H’=0.650), and Arraijan (H’ =0.545); this was due to the
high population of L. panamensis and L. dysponeta found in Gamboa. The equitability index

Was greater at Arenosa (J' =0.801), followed Arraijan (J'=0,701), Paraiso (J’ =0.647), and
Gamboa (J’=0.602).

-Qviposition traps (Tables N° 32 and 33)

Twenty five taxa were collected with this method in the 4 localities, of which 14 were present
in Arenosa, 11 at Gamboa, and 10 each at Arraijan and Paraiso.

The Diptera, represented by 5 Families showed the greatest diversity, especially the Culicidae
with a total of 8 genera and 7 identified species. The group most frequently collected was the
Empididae which was dominant at Paraiso.

The Empididae Family as well as Limatus and Culex genera were most abundant at Arenosa;
the Empididae and Lepidoptera at Arraijan, and the genus Trichoprosopon and the Empididae
at Gamboa, the Empididae and Lepidoptera at Paraiso.

During the dry season an increase in numbers of Tabanidae larvae was observed at Arraijan,
while a decrease of the Empididae population took place in the same locality. The Culicidae
were present in high population densities in August at Gamboa and Arenosa. During the wet
season, although present, no specific group of this Family was permanently present and in the
dry season only 4 Culex specimens were collected at Arraijan. It is worth mentioning the
presence of species of Haemagogus and Sabethes, known vectors of the yellow fever virus, and
species of Taxorhynchites, which are predators of Culicidae larvae.

(3.1.3) Aquatic net (Tables N° 34 and 35)

Thirteen insect Orders and two Classes, totalling 50 taxa (32 at Paraiso, 35 at Gamboa, 25 at
Arnaijan and 29 at Arenosa) were obtained through the use of this methods. Odonata was the
taxon more frequently collected at Paraiso, Gamboa, and Arraijan, while at Arenosa the
Scirtidae were more abundant, followed by the Belostomatidae and Odonata. The taxa that
were always present throughout the sampling period were Ephemeroptera, Odonata, and
Trichoptera(insect Orders); Gerridae, Cicadellidae, Curculionidae, Dytiscidae, Hydrophilidae,
Ceratopogonidae, Chironomidae, Formicidae, Belostomatidae, Naucoridae (Families), and
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During the sampling period a total of 43 major taxa were collected. Most of the material was
identified to Family, and only a few sporadically caught, were identified to Order. At Gamboa j
and Arraijan 40 taxa were collected, while at Paraiso and Arenosa, 39 and 38 taxa were
obtained, respectively. Thirty one of these taxa were caught at the 4 sampling stations. The
Diptera were best represented with 27 Families, followed by Hymenoptera with 7, Coleoptera
with 4, and 1 for the remaining taxa. '

Considering all the taxa collected, Drosophilidae was the predominant Family at Paraiso, and
Arenosa. Particularly at this location its dominance was very significant, while at Gamboa the
Phoridae and Otitidae were very similar in numbers to Drosophilidae. At Arraijan the Otitidae
Family was predominant over the Drosophilidae and Phoridae. These three groups together were
dominant at this locality. It is interesting to observe the high population density shown by the
Muscidae Family at Arenosa where it was second in dominance. Together with the
Sarcophagidae mark the degree of ecological disturbance of the area. The high populations of
Calliphoridae at Arraijan can be misleading because the peak occurred in September when a
particularly high number of specimens of a migrant population of Chrysomya sp. were caught
in the traps. Within the Hymenoptera, the Formicidae Family was predominant in all the
localities except in Paraiso, where the Apidae were more abundant. It is worth mentioning the
low numbers of insect parasites (Braconidae, Cynipidae, and Diapriidae) trapped in Arenosa.
This was also true for pollinators in all the localities. With the exception of Paraiso very few
bees were captured at Gamboa, Arraijan and Arenosa. Populations of Staphylinidae (Coleoptera)
were always present although in lower proportions at Arraijan and Arenosa. This group includes
important predators of Diptera larvae and pupae.

Comparing the population trends of all the taxa collected as influenced by the wet or dry seasons
it can be said they were greatly affected as shown by a considerable reduction of their populati-
ons during the dry period. This situation is readily observed on Drosophilidae in all the
localities, and for Muscidae and Sarcophagidae at Arenosa; the same phenomenon was observed
for the Otitidae and Phoridae, although the lower humidity did not affect them so much at
Paraiso. Generally speaking, these were the predominant groups in the dry season at Paraiso and
Gamboa during the dry season, together with the Muscidae at Arraijan and Arenosa.

All that has been previously mentioned can be seen more clearly through the ecological analysis
for this sampling method which show Arenosa with the lowest diversity indexes (H’ =0.565,
J’=0.358) and a higher level of ecological disturbance. On the other hand, Paraiso (H" =0.806,
J"=0.507), Gamboa (H"=0.841, J"=0.525), and Arraijan (H"=1.00, J" =0.625) exhibited a
higher degree of ecological diversity, the latter being the least disturbed of the sampling sites.

(3.1.8) Berlese funne] (Tables N° 44, 45, and 46)

Using this method it was possible to collect a total of 42237 specimens belonging to 17 Orders
and 75 Families. The numbers per locality were as follows: Paraiso 54 Families, Arraijan 52,
Gamboa and Arenosa 46 each. The predominant taxa were Acari, Formicidae, and Isoptera,
adding up to 35856 individuals (84% of the total). Second in importance were the Araneae,
Coleoptera larvae, Entomobryidae, Isotomidae, Rhinotermitidae, Scolytidae, Sminthuridae, and
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scason). This was particularly true for the Chloropidae (Diptera) and Braconidae
(Hymenoptera). ‘

A total of 14 insect Orders were collected at Arenosa, 12 each at Paraiso, Gamboa, and
Arraijan during the 9 months of sampling. More Families (137) were collected at Arraijan,
followed by Paraiso with 134, Gamboa with 123, and Arenosa 121 Families.

Paraiso was the locality that showed a higher degree of ecological diversity (H"=1.406),
followed by Arraijan (H"=1.291), Arenosa (H"=1.241), and Gamboa (H" =1.237). Likewise
Paraiso had the highest equitability (J"=0.661), followed by Arraijan (J*=0.604), Arenosa
(J°=0.596), and Gamboa (J*=0.592). According to the data obtained through this sampling
method Gamboa exhibited a higher level of ecological disturbance.

(3.1.11) Insects in plant residues

Three insect Orders and 4 Families were collected using this method. These were Curculionidae
(Coleoptera), Calliphoridae and Psychodidae (Diptera), Formicidae (Hymenoptera).

The same Families were collected at the 4 sampling sites, except for Arenosa, where the
Psychodidae were lacking. : o

Very few specimens were obtained with this method which requires larger amounts of woody
material and time of exposure for the emergence of insects.

(3.2) Herpetology

The historical events that took place in the central part of the Isthmus of Panama, due to the
particular geographic features of this region, facilitated in a direct or indirect way the study of
this biota. This aspect of the central region has been the better studied of the whole country.

In 1874-1875, during a survey for an interoceanic route carried out by american militaries, Dr.
John F. Bransford made a small collection of amphibians and reptiles in the region. His
collection consisted of a few specimens captured, when his other duties allowed him, mainly
along the Panama Railroad (Savage, 1973). Subsequently, during the Smithsonian Biological
Survey of the Panama Canal Zone, in the period of the construction of the interoceanic canal,
a collection of amphibians and reptiles was made in the years 1911 and 1912 (Schmidt, 1933).

Within the former Canal Zone, the faunistic survey was concentrated in Barro Colorado Island,
after been considered an exclusive area for scientific research. In early 1930s, appears a
publication on the amphibians of Barro Colorado Island (Dunn, 1931), including information
from nearby locations. Almost four decades later, a list of the amphibians and reptiles recorded
from the island was published (Myers and Rand, 1969). The continuous flux of scientists to
Barro Colorado Island, and the expansion of their activities to the vicinities, has greatly
contributed to the knowledge of the herpetofauna in this region. The work of Rand and Myers
(1990), in addition to present an updated list of the amphibians and reptiles of Barro Colorado
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This is a very complete list of the species present in the area, which has been compiled for about
70 years and by several investigators.

The analysis was limited to the anurans (frogs and toads), saurians (lizards) and serpents. For
this analysis we omitted some of the species listed by Rand and Myers ( 1990), which based in
our experience in the region, are not expected to occur in Corte Culebra. Nevertheless, those
species for which we doubt were not eliminated, especially in the case of most of the snakes.
Therefore, the total number of species expected to be found for each group in Corte Culebra
was: 41 Anura, 27 Sauria, and 46 Serpentes. We found 29, 14 (excluding the previously
unrecorded Leposoma rugiceps) and 7, respectively. Therein, it is estimated that in Corte
Culebra we have found 71% of the total anurans, 52 % of the total saurians, and 15 % of the
total serpents present in this site.

If we reduce the list according to the category of abundance only to the usual species, we have
found 75 % of the usual anurans, 50 % of usual saurians, and 25 % of the usual serpents
occurring in Corte Culebra. In the same way, it is estimated that we have found 100 % of the
common anurans, and 75 % of the common saurians present in this site. These rough estimates
might be extrapolated to the other study sites.

In general terms, the anurans are relatively easy to sample, especially because many species tend
to aggregate in suitable sites for breeding or concentrate in moist places during the dry season.
In addition, they are more conspicuous than other groups, because the males give advertisement
calls, enabling us to determine their presence by only listening. Whereas, the snakes are
extremely difficult to sample, most of them are observed infrequently; which seems to be a
normal condition in the lowlands of the region (Myers y Rand, 1969).

(3.2.3) Species diversity

Figure N° 1 shows the increment in the number of species as the sampling effort (i.e.,
person-hours) increases the study sites. The number of species per study site varied between
42 and 60. Pequeni and Corte Culebra had the highest diversity of amphibians and reptiles,
while Cirf had the least diversity of species. This contrast could be partly related to the higher
habitat diversity of the area sampled in Pequenf and Corte Culebra than the one sampled in Cirf,
the latter site been a pasture land with reduced zones of regrowth, gallery forest or secondary
forest.

(3.2.4) Abundance of amphibians and reptiles

Only 8 species of amphibians and 4 of reptiles were found in all the study sites, four of them
being common in these sites: the small treefrog Centrolenella fleischmanni along the margins
of forest streams, the small treefrog Hyla microcephala at the edges of ponds in open areas, and
the frog Eleutherodactylus fitzingeri, and the lizard Anolis limifrons in the forest understory.
The presence and abundance of a species usually vary among study sites; hence, this information
has been summarized in Tables N° 54 and 55.
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(3.2.5) Seasonal changes

From the counts made along the transects, a seasonal pattern in the abundance of individuals of
some species can be shown.

Sensonalchangesinﬂxeabundanceofthreeanumnswmmﬁcedinmemactsloatedin
Sherman: (1) the leaf-litter frog Colostethus talamancae decreased from the margins of the forest
stream during the months with high rainfall, when the frogs disperse throughout the damp forest
floor (Figura N° 8), (2) the glassfrog Centrolenella Sfleischmanni, whose breeding males were
moreabundantonmevegetaﬁonalongthefomsuumatmebeginningofmewetm
(Figura N° 9), and (3) the abundant treefrog Eleutherodactylus diastema, whose males call from
concealed sites in the forest’s vegetation, were more visible in January on the vegetation along
the forest stream (Figura N° 9). Partly, this increase in the visibility of these frogs maybe
related to their feeding activity during a moonlighted night. -

In Corte Culebra, seasonal changes in six species were observed: (1) the grassfrog Leptodactylus
labialis, active at night but frequently also in the daytime, was more abundant in the middle of
the wet season (Figura N° 10), (2) the treefrog Hyla microcephala, whose breeding males
concentrated on the pond vegetation during the wet season (Figure N° 11), (3) the terrestrial
Physalaemus pustulosus, also resorted to the ponds to breed during the wet season: (Figure N°
11), (4) the leaf-litter frog Colostethus flotator, whose individuals concentrated in the moist sites
along the margins of the forest stream during the dry season (Figure N° 12), (5) the toad Bufo
ryphonius that breeds in this locality at the end of the wet season, and whose young toads
concentrated along the margins of the forest stream in the dry season (Figure N° 12), and (6)
the glassfrog Centrolenella fleischmanni, as in Sherman, the breeding males were more abundant
on the vegetation along the forest stream at the beginning of the wet season (Figure N° 13).

In Cocolf, seasonal changes were noticed in five species: (1) the treefrog Hyla ebraccata, whose
breeding males gathered on the pond vegetation in the wet season (Figure N° 14), (2) the
treefrog Hyla microcephala, for the same reason of the previous one (Figure N° 14), (3) the
terrestrial Physalaemus pustulosus, also resorted to the ponds to breed during the wet season
(Figure N° 14), (4) the toad Bufo typhonius that breeds in this locality at the end of the wet
season, and whose young toads concentrated along the margins of the forest stream in the dry
season (Figure N° 15), and (5) the leptodactylid Eleutherodactylus fitzingeri, whose individuals
also concentrated in the moist sites along the margins of the forest stream in the dry season
(Figure N° 16).

In Pequenf, the leaf-litter frog Colostethus flotator appeared in the transect along the forest
stream in March, because the individuals concentrated in the moist areas along the margins of
the forest stream during the dry season (Figure N° 17).

Observations on three of these transects were performed by another person in different days and
nights, which had the purpose of estimating the variation that could occur under such conditions.
In general terms, the most common species were found consistently in both circumstances, being
relatively more abundant. Whereas, those species that are observed infrequently, were either
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The results from this bird inventory are in Tables N° 58 to 104. The Table N° 73 shows the
effort of quarterly sample in hours/men (M/H). Includes the total of species and individuals as
for the first sample, as for the second, third, fourth and fifth o the habitats of each visited place.
Also shows the cumulative species for all the project. The great variations in hours/men
followed on August, February-March, and May due to the repetitions made at the South
Entrance, Gaillard Cut, and the North Entrance. The cumulative increase of hours/men
corresponding with the number of registered species (cumulative), although the amount of
species that have been added on each sample have been decreasing (Tables N° 73, 74, 90, 94,
and Figure N° 18). )

In general terms, the effort done shows that the population has been well sampled. This can be
noted from the point of view of the total of samples (Figure N° 18) total by place (Figure N°
19), total by habitat (Figure N°® 20), and total by place and habitat (Figure N° 21). The figures
show excellent samples and at the least note a strong tendency to stability.

In this project observations have been carried out in 580.05 kms. as a result of the runs and
their repetitions done on our normal (ordinary) route of 101.05 kms (Table N° 99). In total we
have registered 53 912 individuals belonging to 405 species, 54 families, and 19 orders (Tables
N° 58, 59, and 90). These species belong to 66.39% of the 610 reported for the Canal zone
among the works of Wetmore (1952), Eisenmann and Loftin ( 1967), Willis and Eisenmann
(1979), Ridgely and Gwynnne (1989), Engelmann (1990), Karr, Robinson, and Blake (1990),
and Drennen (1991). From the 222 registered for the area that we did not observe in our sample
and appear registered for the area by the already cited authors 127 (57.21%) belong to species
name by Ridgely and Gwynne (1989) as rare, very rare, casual, accidentals, hypotheticals,
irregulars, scarce or pelagic visitants. It is obvious that these conditions greatly influenced for
its detection in our samples. On Table N° 58 and 59 it is shown the taxonomic list of all
registered species on this inventory, with the abundance on each sample and also on each place,
the list of additional species, obtained from the already cited references is shown on Table N°60.

We shall not ignore that birds of the Canal zone have been studied since approximately a century
and a half (Salvin and Godman, 1879-1904) and that the present list of this zone is a result from
studies made during all this time on the other hand, the present region of study has been very
altered by falling and burning of trees, which influences on the number of species and the size
of their populations, as for locals and for migrants. Ramos and Werner (1980), consider that
the winter residence play a very important role on the bird’s evolutive history therefore major
efforts to preserve them should be made. Terborgh (1982), notes that forests are more important
than previously thought for many migrant species. Also, the major or minor intensity o hunting
contributes negatively. '

On the inventory, we have registered a total of 17 species that were not included up to now on
the birds list of the Panama Canal zone, increasing therefore, the number of species to 267 for
this areas. The species included are:

Jacana espinosa, June and August, 1992 and March, 1993, B. Jimenez, E. Pefia, P. Garces, R.
Hinds, and J. Ortega, on Farfan Lagoon, Gatun Lake, Alajuela Lake, and Ciri River.
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open area, the Pilherodius pileatus (capped heron). It is probable that the Oceadroma tethys has
been seen on Lake Alajuela, around Tranquilla area, Ridgely (1989) notes its existence only for
Panama bay and specially off shore. Some of the migrants species have arrived before the noted
date in Ridgely (1989). On the case of Myiarchus crinitus that was registered on August 8, 1992,
the Bureo platypierus that was detected on August 4, 1992, the Icterus galbula that was seen on
August 9, 1992, Vermivora peregrina seen on August 3, 1992 and Seiurus noveboracensis
registered on August 29, 1992. Ridgely (UP. Cit.) noted its arrival since the month of
September. The most representative species in all the sample in other words in all 580.05 kms
run through the sample, it was the turkey vulture (Cararthes aura, with 8181 individuals,
15:17% followed by the black vulture (Coragyps atratus, with 3,066 individuals, 5.68%), the
orange chimed parakeed (Brotogeris jugularis, with 1982, 3.67%), neotropic cormorant
(Phalacrocorax olivaceus with 1873, 3.47%), the little egret (Bubulcus ibis, with 1597,2.96%),
gray breasted martin (Progne chalibea, with 1556, 2.88%), bern swallow (Hirundo rustice, with
1484 individuals, 2.75%), Brown Pelican (Pelecanus occidentalis, with 1,052 individuals,
1.95%) and the blue-gray tanager (Thraupis episcopus, with 1,034 individuals, 1.93%). The
other species were below the 1,000 individuals. In general the number of individuals was low,
there were 37 (9.13%) species that only a sample was seen (0.002%) and 160 (39.5%) species
registered 10 (0.002%) or less individuals (Tables N° 58 and 59) (Catharthes aura and Hirundo
rustica are migrants and more in his groups, but Catharthes aura does it in thousands of
individuals, as we saw on the open area of the south entrance of the Panama Canal and Ciri. The
most representative family was Emberizidae with 80 (19.75%) species, followed by Tyrannidae
con 58 (14.32%) species, the order best represented was the Passeriformes with 16 (29.62%)
families and 222 (54.81%) species, most number of individuals and species, corresponded the
samples of November and February - March that exactly are the months of migratory peak, on
November from north-to south and on February-March from south to north (Tables N° 58, 59,
and 90). Taking on account the must of 2 kms, in all area run (Table N° 92), also results that
the major number of species and individuals is given on the samples of November and February-
March. We have to consider that the trip from south to north the routes can change and the
population can also decrease.

Considering the total of runs on each place (Tables N° 59 and 73), results that Pequen{ has the
biggest number of species (269 species, 6.6.41%) followed by Gaillard Cut (267 species,
65.92%), The North Entrance from the Panama Canal (254 species, 62.71%), the South
Entrance of the Panama Canal (229 species, 56.54 %), Ciri (209 species, 51 .60%) and Tranquilla
(165 species, 40.74%). There are factors as the repetitions and the length of the runs that have
influenced on these results, but on Pequenf no repetitions were made and yet the kilometers run
are more, as the number of species, however we consider that the result must be influenced too
by the proximity of the jungle to the places of study. Even through Tranquilla Shows a total run -
almost as the one zone in Ciri and bigger than the one on the South Entrance and than the one
from Gaillard Cut, always showed the smallest number of species. This must be the result that
only sampled the open area and the transect aquatic and littoral. The forest habitat was not
sampled because it was not representative, prevailed the grass-lands, consequently there was less
diversity of bioteped. Although in Ciri the distance run was superior to the one of South
Entrance and to the one of Gaillard Cut, and trough the same type of habitats were sampled the
number of species registered was less. The main reason of this can be that the area is very
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In the aquatic and littoral habitat the most common was Thraupis episcopus, blue-gray tanager,
which flew over Pequeni river, alone, by pairs or in groups up to 5 individuals. It was also seen,
heard on the trees on the border where (ayed down, cleaning from lice, drying off, shaking and
looking for food see the same Table for the other species found in Pequeni.

In the North Entrance (Table N° 63) the most abundant species was Coragyps atratus, black
vulture (436 individuals), followed by Brotogeris jugularis, orange clinned parakeed (345
individuals) and Hirundo rustica, barn swallow (273 individuals) 39 families and 19 others were
noted. In the forest prevailed Coragyps atratus that flew over the area, possed on the trees and
eating carrion. On the marine habitat the most representative was Brotogeris jugularis, flying
over the area and living on the of the mangrove where its noises could be heard.

The most common in the open area was the Hirundo ﬁcstica and in its migratory movements
flew over the grass in groups, catching insects on the wind nearly touching the plants or higher
in the air, in all directions. Also stayed on the living remains of the cutted grass.

In the aquatic habitat and coastline the most abundant were the southern rough-winged swallow
(Stelgidopteryx ruficollis) that flew over the lake in groups, on the edge of the surface or at few
meters, higher catering insects. See the same Table for the other species found at North
Entrance.

On the South Entrance (Table N° 61) the most abundant was Cathartes aura, turkey vulture,
migrant bird that every year goes through the Canal area in big groups (Smith 1985 & Tejera,
Gorrichategui & Castro 1993). Forty seven families and 19 orders were registered. On the
forest of this place prevailed the Coragyps atratus, black vulture, overflying the area or resting
on the trees where they lies sunbathing, cleaning themselves off lices and they were also seen
eating on the ground.

On the open area the most abundant was the migrant prey Cathartes aura which crossed at low
height over the area in a column of thousands of individuals although with less abundance the
Progne chalibea was also present with greater contact with the area because they rested on
antennas, cables, wires, wired fences, points of small houses and flew over the area on different
heights and directions catching the insects they eat in the aquatic and littoral habitat prevailed
Dendrocygna auwtumnalis, black-bellied whistling-duck, aquatic and colonial that ate in Farfan
lagoon, flying over the zone and rested on the trees of a neighboring mangroves on the mouth
of Matuteta River. Also, there were in less number, Actiris macularis, spotted sandpiper, which
fed on the coastline of the lagoon and the Phalacrocorax olivaceus, neotropic cormorant, aquatic
and colonial birds that swam and dove here to obtain its food, it also flew over the site, rested
and sunbathed in the lagoon. In the marine habitat the most abundant colonial bird was Fregata
magnificens overflying the area, together with some vultures and pelicans. The pelican
Pelecanus occidensalis followed it in abundance, posed and sunbathing on the Perico Island
forest, diving to catch the fishes for food or staying calmed, floating or resting in the dockage
of Naos Island. On third place of abundance was the Coragyps atratus, with 315 individuals,
which represented less than 50% of total of magnificent frigate birds flying over the area usually
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tree (Enterolobium cyclocarpum) and eating fruits of palma culebra (Elais oleifera). In the
aquatic and littoral habitat the most abundant bird was Phalacrocorax olivaceus, neotropic
cormorant (51 individuals, 7.72%), swimming and diving in Chagres River seeking food and
also resting and sunbathing in trees and trunks of the riverine coastline. Jacana jacana, wattled
jacana (40 individuals, 6.05%) was found running along the riverine margin in search of food.
See the same Table for the rest of birds observed in Tranquilla.

From the observations carried out in 2kms of each habitat (Tables N° 61 to 66, and 74) the
highest richness of species was related to the forest, followed in order by the open area, the
aquatic and littoral, and the marine habitat. The north entrance was the exception where the
marine habitat followed the forest. On the other hand, in Pequeni, the richness of species in the
forest, the open area, the aquatic and littoral habitat was higher than those recorded for each of
the other sites. Furthermore, Tranquilla had the less richness of species in all of its habitat.
On each habitat of each place, Emberizidae and Tyrannidae were the dominant families while
the order Passeriformes prevailed, but there was a difference in the number and composition of
species, families and orders.

In the habitat in some sites the trail was larger than 2 kms. The list of species and abundance
is given in Tables N° 67 to 72.

In general, during this inventory it has been observed that the total number of species and
individuals of birds has increased with the progress of the rainy season, reaching the highest
migratory activity during the peak of this season. Toward the dry season the number of
individuals decreases, perhaps influenced in part by the decrease of food and water. The
decrease continues until May because there are not migratory birds and the effect of the dry
season persists (Figures N° 35 and 39, Tables N° 90 and 92). The same trend was observed
with the species (Table N° 92 and Figures N° 22 and 28).

The difference in the number of species during August are possibly related with tornados and/or
strong winds that hited the area of sampling few days before our arrival (Cirf, North Entrance
of the Panama Canal and Pequenf) and due to the results from duplicate samplings (South
Entrance of the Panama Canal and Gaillard Cut). During November the changes in the species
are related to the migratory activity and the peak of the rainfalls (Tranquilla, Cirf, North and
South Entrance of the Panama Canal and Pequenf). The strong winds and storms previous to
our visit to Gaillard Cut may have contributed with this variations. The presence of the dry
season is perhaps the most determining factor in the observed variations during February-March
(Pequeni- South Entrance, Cirf, and Tranquilla). The Gaillard area, located at the continental
division and the North Entrance (Caribbean slope) perhaps offers the best pluviosity, food and
shelter for the species of birds which might play an important role in the increase here reported.
Tranquilla has always shown less number of species probably because it was only sampled in
open area and in aquatic and littoral habitat (there is not enough representative forest) and few
diversity of biotopes. The decrease of species number observed during May on Gaillard Cut,
North and South Entrance to the Panama Canal, and Tranquilla, coincides with the absence of
migratory birds and the persistence of the dry season. In Ciri, the conditions during May and
March were alike, and in Pequeni the effect of the rainy season improved the climatic conditions
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Passeriformes also decreased in the open area but increased in the aquatic and littoral habitat.
Apparently there are movements from one habitat to another and the occupies those left by
migrant birds. The abundance of preying birds, though very little, lowered even more (Figure
N° 27). The observed situation was practically the same on the 2 kms trails, although there was
not a decrease in the abundance during August for local and Passeriforme birds (Figure N° 34),
The seasonal abundance of birds were also reflected in the complete trails at each habitat (Table
N° 95). Some of this trends can be observed in Figures N° 24 to 27, 30 to 33, 36 to 38, and
41 to 45.

In general the higher number of species (79 and 60) and individuals (6,941 and 4,828) of
migrant birds was recorded in November and February-March, respectively. During this same
periods a high number of raptor’s species (18 and 16 respectively) and individuals (4,934 and
3,887 respectively) was also recorded. The same was for Passeriformes, being the highest
number of species 162 and 164 (respectively) whereas the individuals were 5,427 and 5,033
respectively (Table N° 91). Considering trails for each habitat (Table N° 95) it was found that
the highest number of threatened species (58), local birds (264), and Passeriformes (189) were
registered in the forest habitat. The highest abundance of migrant bird species (73), transient
birds (43), winter residents (43), and game birds (20) was found in the aquatic and littoral
habitat. The highest among the raptors (24) and sparrows (3) occurred in the open area whereas
the highest number of endangered species (7) was detected both on the forest and in the aquatic
and littoral habitat. Having in account the number of species counted it was observed that local
birds species prevailed over the migrant birds (Figure N° 27 and 34). Also the same was
observed regarding the abundance of birds (Figures N° 38 and 45).

When the 2 km trails for each habitat are considered (Tables N° 61 to 66) it was found that most
of the local species belonged to Pequeni (223, 65.97%) followed by the northern entrance to the
Panama Canal (207, 61.24%), the Gaillard Cut (190, 56.21%), the southem entrance to the
Canal (173, 51.18%), Ciri (166, 49.11%), and Tranquilla (126, 37.27%). As for the migrant
birds, the highest abundance was recorded at the southern entrance to the Panama Canal (71,
78.02%), followed by the northern entrance (50, 54.94%), Gaillard Cut (40, 43.95%), and
Pequeni (31, 34.06%), Ciri and Tranquilla with 28 species (30.76%). Pequeni is the site which
contains the highest number of threatened species (47, 59.49%) followed by the northern
entrance (38, 48.10%), the southern entrance (36, 45.56%), Gaillard Cut (29, 36.70%), Ciri
(29, 31.64%), and Tranquilla (16, 20.25%).

The northern entrance and Gaillard Cut were the areas with the higher number of game birds
(15, 60%), followed by Pequeni (14, 56%), south Entrance and Tranquilla (12, 48%) and Ciri
(11, 44%). Regarding the endangered species, the highest number was found in Gaillard Cut
(6, 60%), followed by the southemn entrance, Pequeni, and Tranquilla (5, 50%), and Ciri (4,
40%). The names of local species, migrants, threatened, game, and endangered species, and
their relative abundance on each 2 kms habitat, in each place are indicated in Tables N° 61 to
66. In some places, there were habitats on which the trails were higher than 2 kms. The name
of the registered species is registered in Tables N° 67 to 72.
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particularly true of the neotropical forests. Thus, even a trained observer will very
probably fail to observe all of the mammals in a given area. An example will illustrate the
point: Barro Colorado Island is a small (1,600 ha) relatively isolated sample of forest which
was declared a biological reserve in 1924. Since that time there have been many thousads
of man/hours of observation of the fauna there by trained observers. But it was not unitl
1966 that a student of monkey behaviour (J. R. Oppenheimer) first recorded the presence
of the climbing rat Diplomys labilis on Barro Colorado Island. This nocturnal, arboreal rat
is unlikely to have reached the island by swimming so it is probable that the species had
been present there for 42 years before being observed for the first time.

-A third note of caution must be introduced in regard to the data on bats. Bat netting is
essentially a “lottery® process where only those individuals that have chosen the path
interrupted by the nets are recorded. Moreover, it is impossible to place nets at all altitudes
and so the sample obtained will be biased toward those species that normally forage
relatively low. Thus, practically all of the data presented should be viewed as being
conservative.

Some species of mammals are very rarely seen because they are rare, others because they are
cryptic, arboreal and/or nocturnal. The bushdog (Speorhos venaticus) falls into the first of these
categories. No specimen has ever been collected further West than the Cerro Pirre region of
the Darie and there has never been even a suspicion that bushdogs exist in the study area. But
one recent sighting by a pair of Smithsonian scientists and another by two ecotourist guides make

it appear probable that there are at least a few (perhaps only one group of three) bushdogs in the
area.

The silky or pygmy anteater (Cyclopes didactylus) in the order Edentata falls into the second
category. It is a small animal which is totally arboreal, nocturnal and very cryptic in the
daytime sleeping position, and it does not have a bright “eyeshine” in the light of a headlamp
so that it is difficult to see even when it is active. Only one specimen of Cyclopes has been
observed in the present study, and two others have been reliably reported. The species is
probably considerably more common in the study area than the data indicate.

The following is a comparison between the number of mammals found in this inventory and

those reported (Eisenberg, 1989):

Comments
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not hunted and the small mammals. The greatest influence on the distribution of mammals in
the study area is the state of the habitat, and the state of the habitat is a reflection of human
activity. A rough guide to the state of the habitat is presented in Map N° 14,

In summary, there is basically a corridor of relatively undisturbed habitat running from the Fort
Sherman/Fort San Lorenzo region in the northwest, broken by Gatun lake to the south, then
continuing toward the southeast through the Barro Colorado Nature Monument and the Parque
Nacional Soberanfa, the rear of Fort Clayton, to the Parque Metropolitano on the east side of
the canal, andﬂ\eEmpimmngebankofthemalwtheCocoli/FonRodmanmmmewest
side of the canal.

Within this corridor the inventory of mammal species is relatively complete (i.e. it is what would
be expected, zoogeographically, in undisturbed habitat). The forest has been maintained, and
even improved, from the days of canal construction, so that most of the forest is fairly young
second growth. But control of hunting was not attempted, except on the islando of Barro
Colorado, until the mid to late 1970’s. “Sport®, “pot” and "market” hunting resulted in the
diminution of populations of Agowti paca, Dasyprocta punctata, Tayassu tajacu, Mazama
americana, Odocoileus virginanus and Sylvilagus brasiliensis, and the local extinction of Tayassu
pecari, Ateles geoffroyi and Tapirus bairdiii. Hunting for the mascot trade also reduced
populations of Cebus capucinus and Saguinus geoffroyi. A combination of reduced potential
prey populations and hunting was probably responsible for the reduction of carnivore
populations, particularly the felids, in the area and the probable local extinction of Felis
concolor.

There is now very little "market" or "sport" hunting in the forest corridor and, in spite of
considerable "pot” hunting, the populations of game animals that were reduced are now
recovering, particularly in the Parque Nacional Soberanfa. Of the locally extinguished species,
Ateles and Tapirus have been reintroduced to Barro Colorado and Tapirus may have spread to
the western side of Soberanfa. So T. pecari and F. concolor are the only large mammals that
would naturally occur in the area but are missing.

Different species of mammals apparently differ in their adaptability to the activities of men.
Thus, in the Fort Sherman area where, judging by the quantities of MRE wrappers strewn about
on the forest floor, human activity is high and the resulting garbage plentiful, Nasua narica and
Didelphis marsupialis (both of which are highly opportunistic foragers and facultative
commensals with man), are very abundant. But neither Eira barbara (probably the most direct
competitor with Nasua) nor Philander opossum or Metachirus nudicaudatus (competitors and
sometimes prey of Didelphis) were encountered there. Similarly, the mammal fauna of the
Bnpinhngehnkofﬂwmalapparstobespeciudepaupeme, even in areas where there
is no ongoing earth moving.

Outside of the forested corridor the habitat is very disturbed. Much of it has been cleared and
much of what has been cleared has been invaded by Saccharum sponianeum, a non-native weed
grass which supports low biological diversity. Even where there is still good forest, such as the
valeys of the Pequen{ and the Upper Chagres (those parts of the valleys within the study area)
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Lake Gatun
Lake Alajuela
Lake Miraflores
Camaron Arm

Caimitillo Arm

Railroad Pond
Pedro Miguel Pond

Maximum elevation of Gatun Lake is 26 m above sea level. Maximum depth is 29 m and the
mean depth is 12.7 m. This gives a picture of a relatively shallow lake with a long shoreline,
estimated in 1750 km (Zaret, 1984).

All these reservoirs brought parallell problems associated to the natural successional processes
in the tropics. From 1913 on, the massive presence of aquatic macrophytes in the Gatun Lake,
began to create problems to ship transits and other activities related to the canal operation (Von
Chong, et.al., 1988).

The general features of the study area is as follows:
-Life zones: In a relatively small area, the Canal watershed-ecosystem displays a wide range of
variations i.e., four different life zones, and mean rainfalls ranging from 1778 mm on the Pacific

slope to 3300 mm on the Atlantic slope.

Based on Tosi’s (1971) bioclimatic map for the Republic of Panama, a rough area estimation
(Von Chong et al. 1986) of life zones comprising the Panama Canal watershed follows:

Tropical Moist Forest

Premontane Wet Forest
Tropical Wet Forest 11,990 3.7
Premontane Rain Forest 585 0.2
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the Atlantic slope = 3,302 mm. Mean Annual rainfall for the Pacific slope = 1,778 mm.
Source Data: Meteorological & Hydrographic Branch. Panama Canal Commission.

On a broader scale there is a strong gradient of rainfall across the isthmus of Panama (Rand ¢t
al. 1982). This is also valid for the entire Panama Canal watershed, in which rainfall ranges
from 1500 mm to about 4000 mm. Higher rainfall values are recorded in life zones of the upper
ranges of Alajuela Lake watershed (Jonas gf al. 1986). '

-Winds: Seasonality of winds are clearly manifested in strenght and direction during the dry
season. In general, strong trade winds blow from North and Northeast 90 percent of the time
(Gonzalez ¢t al. 1975). Wind pattern is highly seasonal with a minimu.a monthly mean value
of 8.5 km/h during June and August. During the dry season it attains values ranging from 18
to 22 km/h (Zaret 1984).

The dry season period brings a constant seasonal factor affecting the distribution of some aquatic
macrophytes. Waves induced by winds erodes lakeshores facing the predominant northern
winds.

-Drawdowns: Drawdown is not a climatic phenomena, but a process associated to the Canal
operation, water is managed through the reservoirs. The range of seasonal drawdowns have
different values for every water reservoir serving the Canal system.

The following table, prepared with data from The Panama Canal Meteoroly and Hydrology
" Branch, illustrates the different dynamics of major reservoirs in the Canal system:

Elevations Lake nge
Period Minimum Maximum
. Average Average

Gatun 1954-1982
Madden 1954-1982
Miraflores 1954-1971

Mean annual elevation of Gatun Lake is referred to 77 years of records (1915-1992) and the
mean monthly elevation is based on 1992 data. The mcan monthly elevation of Lake Aljuela
(Madden) has been calculated on 56 years of records (1937-1992) and the mean monthly
elevation is based on 1992 data. The following table shows the mean monthly variations of lake
levels:

100




101

"SISAU UMiEDH pue Jpueln UT) ‘pepIuLLL
‘saifeyD o w1 Aurew Ing ‘39AU AUBW UL PIAIISQO 3q UED STYL "PIq JIAU S} UO SUSWIPIS JO
speo] Aaeay Sumenwnooe ‘A[reonselp soseaddp A1do[ea Jaem jutod siyl 1y “spunoil Sutpunowns
P jo AydesSodoy ayy pue ‘axe ay Bunsew usym 19U 3 Jo adols Y O} UONE UL (BISP)
s1s0dap [e1AN(Te JO Suoz 3y BUIPUAXS ‘SUOTIEMION [9AS] AXNE] YIIM UONOUN{UCD UT UBANSUMOP

pue ureansdn $9poO3s Suoz SIYL ‘ave] Y Aq 1999 Sunwurep Sy O} INp INoRIEYd ano|
Q) $50] 39AU AP wym sired aso ut 1ay3iy Ajqeqoud st sIss3001d UOHEILIWIPIS JO eI YL

'S0 reutuu 3y w1 voneindod Suimordioas ue
Jo amssaud 9y 01 139(qns spue 359y} UT I|QEPIOABUN TE SIOURQINISIP POYSIatem ‘K[oreuniojup)
"(S861 OpeIeA]Y) uoRmUAWIPAS [elany Ul soBuey> Jonpul [m sIsn pue] W seduey)

"surel jo Aiireuoseas Aq pajoedwt snyy pue “[rejures o) paread y1oq “IN0-ysem 10s pue 330
-UTJ 30BLINS 03 PIIBIDOSSE S $53001d SIY ], “JIOAIISAI B JO AJI] [NJISN Ay} SIUIULIAAP A[Tensn yorym
ss300d Jueuodw 194 € 1nq ‘euswousyd STBWIID 10U JAYIOUE ST UORBIUSWIPIS - IO ISTTPaS -

*UoISSTWIWO)
eue) eureveq ‘youelg owydes3oipAH pue [ed130[0J0SI [EURD BWERUBR] (EBJED 92INOS
1°9L Y74
1°SL €97
TEL 9
9'1L 0'92
z'oL 6'ST
L'89 8°ST
8°L9 LSt

¥°L9 ) 9°¢t
6°89 9°¢T

8'1L ) 6°ST
0'vL 9
v'SL L[4
(w) (w)

(z661-L€61) (z661-S161)
elanfery aye] e ungen




The following table shows the contribution of the principal rivers to suspended sediments loads,
according to the most recent report (April, 1993) of Panama Canal Watershed Hydrology for
year 1987:

Source data: Panama Canal Watershed Hydrology, 1987. Meteorological & Hydrographic
Branch, Panama Canal Commission, April, 1993.

Results of previous studies (James & Barko 1991) revealed that submerged macrophytes, i.e.
Hydrilla, play an important role in sediment accretion and composition. Marked differences
were found in sediment composition between the littoral and erosional zones.

- In shallow sites of the study area, it is clear in the delta formation zones of Chagres, Gatun, Ciri
Grande, Trinidad an other rivers, that Hydrilla sp. and other submerged macrophytes, have been
influential in promoting sediment accretion. Emergent macrophytes like Typha sp., Eleocharis
sp., in the littoral zone, also contributes to increase sedimentation rates by slowing the water
current velocity.

(1) Water Quality

The results of analysis and measurements of freshwater from the § quarterly samplings carried
out between July 1992 to May 1993 are presented in Tables N° 107 to 116. Each table include
the results from analysis and measurements at each sampling site.

Results of the monitoring during the whole project indicate, in general, the conditions normally
found in the area according to particular time of the year (Gonzdlez gt al. 1976). The most
remarkable feature is the uniform distribution of the temperature in the water colum, this
condition indicates the lack of thermal stratification where the difference between the surface and
bottom temperature hardly exceeded 1°C. The only exception, like in the month of July and
August is the station FWQ-05 located in Lake Alajuela close to the dam, where, indeed the
thermal stratification is found (Figure N° 46). This thermal stratification express itself through
the presence of a well defined metalimniom, located below 10 meters depth and followed by the
drastic decrease in the dissolved oxygen concentration, where usually the oxygen concentration
is less than 2 ppm (Figure N° 47).
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FWQ-03) and Rio Pequeni-Rio Boqueron (FWQ-04), These rivers introduces oxygen rich (7
ppm) cold waters (less than 25 °C) which penetrate into the lake controlling the conditions in
most part of the hipolimnium of Lake Alajuela during the rainy season.

During the dry season, the absence of rainfall, and consequently the absence of any significant
runoff eliminates the cold waters currents observed during the rainy season along the bottom of
the lake, flowing along the former river beds of Chagres and Pequeni rivers. This explains the
low concentration of dissolved oxygen in bottom waters of the Lake Alajuela, around 1.4 m/1.
At the same time, the dissolved nutrients, had concentrations greater than those usually found
during the rainy season, this is specially valid for total phosphorus. '

In contrast to the rainy season, during March 1993 the concentration of nutrients in the bottom
waters of Lake Alajuela are not similar to the concentration of nutrients in the Indio and Chagres
rivers (station FWQ-03) nor for Pequenf and Boqueron rivers (station FWQ-04).

The most pronounced changes in the Alajuela Lake during the rainy season, were related to the

increase in the concentration of chlorophyll a in the hypolimniom observed at the end of rainy

season. This condition decreased gradually with the progress of the dry season. At the same

time, there was a pronounced increase in the nitrates in the epilimniom which decreased

gradually as the dry season progressed (Figure N° 54). This two parameters are inversely
. correlated (-0.92). .

By the end of the dry season the Indio and Chagres rivers, and Pequeni and Boqueron rivers,
manifested once more their influence in the bottom waters of Lake Alajuela. This is clearly
indicated through the water temperature in the hypolimniom which are identical to the water
temperature at the bottom of those tributary rivers.

The sampling during May 1993 indicated that it is at this time of the year when the lake
exhibited the highest oxygenation in comparison to the rest of the year. Below 10m depth the
concentration of dissolved oxygen was near 3.5 ppm down to the bottom. This process was
followed by a decrease of ammonia concentrations while the concentration of nitrates and the
chlorophyll a maintained themselves at a constant level in comparison to the values observed
during March 1993.

(1.2) Gatun Lake

The features of the bottom water of Lake Alajuela are traceble as far as in station FNQ-06 near
Gamboa. This station indicated the same values for nearly all of the measured parameters in
the hypolimniom near the dam of Lake Alajuela. Consequently, this is the only sampling station
which presents the lowest dissolved oxygen concentration in surface water in whole the area
(below 5 ppm). The comparison of the nitrate concentration together with dissolved oxygen
concentration in the bottom of stations FWQ-05 and FWQ-06 (Figure N° 55) showed a high and
significant correlation (r=0.91).
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-There is a high oxygenation of the water column in all of stations in the area throughout
the entire year. However, during March 1993 only one station in Gatun Lake (FWQ-08)
was found to have less than 4 ml/L of dissolved oxygen.

-The concentration of heavy metals in the water system of Panama Canal during the time
of this study, indicates for the dry season, the concentration of iron much less (50-200 ppm)
than the rainy season. With much probability this is due to the substantial decrease in the
water turbidity and in the concentration of suspended solids due to the limited runoff. The
same occured with the concentration of copper and zinc which presented during the dry
season the lowest values. In the meantime the concentration of lead and mercury are close
to the instrumental detection limits.

According to the monitoring of May 1993 everything indicates that the characteristic of the fresh
water system of the Panama Canal found during the dry season (March 1993) are still present
without any indications of significant changes due to the beginning of the rainy season.

(1.4) The state of eutrophication of Alajuela and Gatun lakes

From the chemical point of view, the pollution of lakes is characterized by the chemical
processes in the bottom of the hypolimnion during the maximun condition of stratification
- (Cowgill 1975, Kwiecinski 1975). Normally, the process of eutrophication has the following
stages:

-Stage [: Although the concentration is decreasing, dissolved oxygen is still quite high in
the deep waters; iron and sulphide ions concentrations are absent and the dissolved phospate
is quite low.

-Stage II: Dissolved oxygen is quite low in the deep waters and oxygen distribution is
clinograde type. Neither iron nor sulphide ions are present and the dissolved phospate is
generally in low concentration. Some lakes do not spend this stage.

-Stage III: Oxygen is very limite in deep waters; iron and dissolved phospate are quite high,
but the sulphide ion is still absent.

-Stage IV: Oxygen is at very low level or absent in deep waters. Dissolved phosphate is
quite high and sulphide ion is present and pull out most of the iron.

-Stage V: Oxygen is completely absent except in a very thin surface layer. The sulphide
ion is present, even at the surface; water clarity is very low because of the precipitation of
ferrous sulphide and pyrite; the concentration of dissolved iron is very low. The lake looses
iron because of the precipitation with sulphur; there is not enough iron to precipitate the
phosphate, which increases its concentration thus promoting the proliferation of aquatic
weeds.
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The samples collect during March 1993, indicated that some changes took place and the most
notorious was the significantive increase in the concentration of iron, a sligth increase of zinc,
whereas copper presented an erratic variation.

With regards to the heavy metals usually related to environmental pollution, the recorded
concentrations were rather constant throughout the study period and within the area. The
concentration of lead ranged between 15 to 30 ppm, and mercury between 0.2 to 0.5 ppm.

The analysis of high molecular hydrocarbons in sediments from Gatun Lake showed low levels
(Table N° 127). However, an exception to this was the result from the analysis of May 1993
samples, when the concentration almost were four times higher than previous in the station FB-
01 and almost six times more than usually recorded at station FB-07. These relatively high
concentrations could be related to the transit of ships through the canal and this is clearly shown
in the constantly high concentrations recorded in station FB-05, close to the Gatun Lake
anchorage.

On the whole, the concentration of heavy metals in the sediments of the aquatic system of the
Panama Canal, are within the ranges indicates for the igneous rocks (Green, 1959), without any
indication of water pollution.

(3) Aquatic Macrophytes
(3.1) List of species

List of aquatic macrophyte species reported in the study area were reviewed. Included are
previous reports by: Pasco (1974), Gonzalez et al. (1975), Zaret (1984), D'Arcy (1987), and
the cheklist of the Flora of Panama (1980). Both in the checklist of the Missouri Botanical
Garden up to 1980, and D’ Arcy (1987) the submerged macrophyte Vallisneria sp. is not reported :
eventhough it was included in the list of aquatic macrophytes reported by Gonzalez et al. (1975).

Most of the listed macrophyte species were recorded at the observation stations and during the
surveillance by boat. The following is the list of aquatic macrophytes within the study area:

Emergent plants

FAMILY SPECIES

1 Araceae Montrichardia arborescens (L.) Schott

2 Cyperaceae Eleocharis geniculata (Rottb) Blake

3 Cyperaceae Eleocharis intersticta Spreng

4 Cyperaceae Eleocharis elegans (H.B.K.) R& S

5 Cyperaceae no identificada

6 Cyperaceae Eleocharis sp.

7 Gramineae Phragmites australis (Cav) Trin.ex Steud.
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20 Gramineae

21 Gramineae

22 Gramineae

23 Gramineae

24 Gramineae

25 Gramineae

26 Gramineae

27 Gramineae

28 Gramineae

29 Gramineae

30 Gramineae

31 Gramineae

32 Gramineae

33 Leguminosae
34 Leguminosae
35 Leguminosae
36 Maranthaceae
37 Onagraceae
38 Onagraceae
39 Orchidaceae
40 Papilionaceae
41 Polygonaceae
42 Polygonaceae
43 Polygonaceae
44 Polypodiaceae
45 Pontederiaceae
46 Zyngiberaceae

Relative frequency of macrophyte species are shown in Tables N° 128 to 234. Index of
similitude among main rivers and between the two lakes are shown in Table N° 135.

Cyperus luzulae (L.) Retz

Scleria eggersiana Boeckl

Helecho

Leersia hexandra Swartz

Panicum grande Hitchcock & Chase
Echinochloa polystachya (H.B.K.) Hiitch
Paspalum fasciculatum Willd

Panicum maximum Jacq.

Luziola subintegra Swallen

Panicum purpurascens Radd.
Acroceras zizanioides (H.B.K.) Dandy
Gynerium sagittatum

Panicum c.f. laxum Schwartz

Panicum c.f. poligonatum

Panicum sp.(#1)

Paspalum repens Berg.

Panicum sp.(#2)

Panicum sp.(#3)

Sacharum spontaneum

Paspalidium geminatum (Forsk) Stapf
Oriza latifolia Derv

Homolepis aturensis (H.B.K.) Chase
Hymenachne amplexicaulis (Rudge) Nees
Sorghum vulgare Pers.

Paspalum nutans Lam

Phaseolus c.f. coccineus L.

Senna alata

Mimosa pigra L.

Thalia geniculata L.

Ludwigia natans Humb & Bomp
Jussiaea natans H.B.K.

Habenaria petalodes Lindley

Sesbania emerus

Polygonum hyspidum H.B.K.
Polygonum acuminatum H.B.K.
Polygonum punctatum Ell

Acrostichum aureum L.

Pontederia rotundifolia L.F.
Hedychium coronarium Koening
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Panama Canal records (Von Chong 1988) indicate the posibility that the sumersed
macrophyte Hydrilla began to colonize Gatun Lake about late 20’s or early 30’s. Since
then, the absence of natural enemies, along with its high biotic potential, greatly contributed
to its explosive spread.

Results of aerial photomissions average 4,785 hectares of the Gatun Lake infested with
Hydrilla. Fathometer tracings show Hydrilla thriving at depths close to 9 meter in the
Gatun Lake. The area that could be potentially colonized by Hydrilla is about 8,600 hectares
(Von Chong et al. 1986).

The following table illustrates the Hydrilla infestations in Gatun Lake:

Average
Lake Level

25.91
26.03
26.75

In addition to its large biomass, estimated in 27.2 tons/acre, (1981), disseminulés .like apical
stem sections, rhizomes, and seeds, are effective propagating and dispersing agents, and
also helps Hydrilla to overcome environmental stress and predation.

Aquatic recreational activities contribute to the dispersion of Hydrilla to other locations of
the freshwater ecosystem of the Panama Canal, as is presently occurring at Lake Alajuela
(Map N° 117). Sedimentation due to soil erosion and washout in the Canal watershed will
contribute, along with the disposal of dredge spoils, to raise the bottom to such depths
accessible to Hydrilla colonization. In general, the open lake zones with less than 25 feet
depth are colonized by Hydrilla with no competition. In these sites of open lake Hydrilla
grows the year round because water clarity is usually high.

Other types of aquatic macrophytes in the Gatun Lake are mostly lakeshore and emergent
(Table N° 128).

At the dredge spoil dump 4, behind Gorgona island, we observed a cove of approximately
5 hectares full of Eichhornia crassipes and Pistia stratiotes Full blooming of Eichhornia
may have been induced by intense competition for space and nutrients with the Pistia
(Photography N° 20). This situation could be explained by the “in situ® propagation
because the entrance to this cove in the mouth of Carabali River was closed with a log
boom to prevent floating vegetation to flush into the canal.

-Northeast section of Gatun Lake: Shorelines of land and islands, exposed to the wave

sweeping action induced by the prevailing northern winds which characterize the dry season.
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Table N° 128 shows the relative frequency of species along five observation periods.

Photographs N° 24 to 27 illustrate the abundance of free floating macrophyte communities,
and also surface matting Hydrilla sp.

-Section of the Chagres River downstream Gatun dam: In this section of the Chagres river
flowing into the Caribean sea, the marginal vegetation with greater relative frequency
recorded was the Acrostichum aureum. It shows in long strips on both margins, alternating
with Montrichardia arborescens, which was second in relative frequency. These two species
are frequently found associated with swampy terrains subject to seasonal flooding. Floating
and emergent macrophytes were not recorded here, nor other emergent species.

-Gatun River: During the dry season the water surface in the river mouth is most of the
times cleared of floating vegetation as opposed to the situation during the rainy season.
This, to a larger extent, can be ascribed to the prevailing strong winds characterizing the
dry season, which push to the shorelines the floating vegetation. Due to a reduced
competence for the space and light in the water column, and also to a lower water level,
the Hydrilla is topping out a large part of the water surface.

Floating vegetation is composed mainly by a mixture of Eichhornia crassipes and Pistia
stratiotes. The grasses and herbaceous like Panicum grande, P. purpurascens, Paspalum
Jasciculatum, Paspalum repens and Luziola sp., along with poligonaceae share the alluvial
deposits; along the shoreline E. azurea, ciperaceae, at the lower part of the river
(Photography N° 28).

By the river mouth the lakeshore presents discontinuous strips of emergent Eleocharis sp.
(Photography N° 29). Table N° 129 shows variations in the relative frequency of
macrophytes along four observation periods.

-Ciri Grande River, Trinidad River and Ciricito River: We should mention the remarkable
absence of Pistia sp. in the southwestern part of the Gatun Lake, i.e., Ciri Grande, Trinidad
and Ciricito rivers, during the reconnaissance surveys from May to June 1992, and
following with observations from July 1992 to May 1993.

With the exception of Pistia sp. the pattern of the botanical structure is similar to that of
the main rivers on the eastern part of the lake. We do not have a sound basis to explain the
abscence of Pistia in that part of the study area.

Eichhornia azurea is very abundant in association with Polygonum sp., in narrow frames
almost parallel to the shoreline in the front line, along with Sesbania emerus, Typha sp. and
Cyperus (Photography N° 30). Typha is the most abundant emergent macrophyte occupying
zones near the water line and toward the succession to the hydrosere at the zone of alluvial
deposits (Photography N° 31).

Quantitative differences observed in this part of the study area are related to a minor
relative abundance of the free floating macrophytes Salvinia and Azolla (Tables N° 130 to
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Cyperus sp., Eleocharis sp., Phragmites sp., Jussieq sp., Ludwigia sp. Not very frequent,
the Alismataceae (Echinodorus sp.).

-Camaron Arm: Botanical structure of the aquatic communities in this reservoir is similar
to that in Caimitillo Arm. No eutrophication processes are apparent. No excessive
overgrowth of aquatic macrophytes are observed. Dominant submerged macrophyte is
Hydrilla.

-Railroad Pond: Floating aquatic macrophytes are exogenous. Floating masses of vegetation
from Caimitillo river, are flushed into the pond and pass the causeway culvert to accumulate
here. Chemical control is effected then to reduce excessive accumulations of biomass which
may serve as mosquito breeding habitat (Von Chong et a]. 1986).

-Pedro Migue] Lake: Floating macrophytes propagate gradually since the onset of the rainy
season and are flushed to the pond during floods of Pedro Miguel river. Most frequent and
abundant floating vegetation observed was Eichhornia crassipes, and less abundant Pistia
sp. Shoreline species were the fern (Acrosticum aureum), Cattail (Typha domingensis,
Montrichardia sp., species of the Polygonaceae, and Panicum grande.

-Cocoli River: Cocoli river is a source of potential aquatic vegetation problems during
floods, when excessive overgrowth breaks the containment boom, flushing debris, and
vegetation into Miraflores Lake.

Species observed during the rainy season are Pistia stratiotes, Eichhornia crassipes, Water
fern (Azolla sp.), and Salvinia sp. Shoreline and muddy shallow areas species are colonized
by the Acrostichun sp., Montrichardia arborescens, wild cane (Gynerium sagittatum),
Limnobium sp., Jussiaea sp., Ceratophyllum sp., Ceratopteris sp., Panicum sp.,
Saccharum sp., etc.

(3.4) Species Seasonality

Some variations in the distribution of the aquatic macrophytes are related to seasonal changes
in rainfall as detailed below:

-Floating macrophytes: The selective pressure exerted on each other among populations
of floating macrophytes, and the aditional environmental pressure originated by the

uicreasing amounts of dissolved nutrients and supended solids in water, initially boost the
propagation of some species, in detriment of others. '

Seasonality of precipitation greatly influences growth of aquatic and semiaquatic
macrophytes. At the beginning of the rainy season, intense rains impact on denuded soils
increasing surface run-off and soil wash-out, flushing into the rivers dissolved and
suspended matters. During the low level period, surface mats of Hydrilla trap plant
disseminules and plantlets, forming a bed which gradually develops a mosaic of vegetation
(Photography N° 26).
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the winds (Photography N° 22). There is a constancy in the association of species wherever the
environmental conditions are repeated in the aquatic environment.

3.6)

Effects, if any, of this climatic parameter on the aquatic macrophytes distribution is negligible,
3.7

Drawdown is not a climatic phenomena, but in the case of the aquatic environment of the Canal,
. results from a cyclic process of use and replenishment of water which is also geared to rainfall,
which is a strong seasonal component.

During seasonal drawdowns from March to June, the hydrosoil between high and low water
levels in shallow shorelines zones are accessible to the invasion by agressive shoreline
vegetation, i.e., aquatic, semiaquatic grasses, and herbaceous plants.

Mean range of annual level fluctuation Lake Alajuela is over 13 meters (Figure N° 70)." So far,
this fluctuation has been sufficient to prevent overgrowth of aquatic macrophytes reach nuisance
levels.

In Gatun Lake average level fluctuation is about 1.2 m. Its effect in controlling vegetation
overgrowth is not considered a more limiting factor than it is Alajuela Lake.

Miraflores Lake system has a similar fluctuation value than Gatun Lake, about 0.9 m., and
effects on aquatic vegetation control are almost nil. However, water transparency values are
consistently low at all times in this lake. This poses an environmental stress on submerged
~ macrophytes. Very probable this is the effect of waves induced by passing ships and/or winds
in a relatively narrow section of the Canal. An additional factor can be related to Pedro Miguel
lockages, which bring bottom sediments from the Gaillard Cut (Von Chong et al. 1986).

(4) Benthos

Samples taken from seven benthic stations scattered throughout the Gatun Lake (Map N° 15),
during the period July 1992 - May 1993, indicated that at least five gastropod species inhabit the
sediments (Table N° 136). Mollusk pelecypods were represented by three small body size
species while anneiid oligochaetes and insects collected included only three species each.

The highest densities of benthic macroinvertebrates were recovered for the FB-4 station (mean
= 2,399 individuals/m?). Peak abundance at this station occurred in February with almost 6,000
individuals/m? (Table N° 137). FB-06 was the second station with high population densities.
It total mean density during the study period reached 1,428 individuals/m2, with the highest
population density record in November 1992 (1,804 individuals/m?).
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considered a main group of the meiobenthos, organisms with body size smaller than 1 mm but
larger than 50 microns. Sampling methods devised for the collection of macrobenthic animals

- are generally acceptable for the study of smaller animals, except that size-selective producers
such as sieving must not be used in sorting organisms from the sediment (Huling & Gray 1971).
The relatively low densities of nematodes found in Gatun Lake sediments are probably
underestimates due to the use of | mm sieve in sorting these organisms.

In a detailed study of the nematode population of the sediments of a typical dimictic alpine lake,
Bretschko (1973) found nematodes to be concentrated between 3 and 4 can of depth in the
sediments. Analyses of the seasonal populations dynamics of the many species demonstrated 3
generations per year. Over a 2 year period, the average population density was 235,000/m?
under ice-cover but only 60,000/m? during the ice-free period.

Bretschko indicated that nematode species distribution and biomass production were strongly
correlated with the type of substratum. Over 80 percent of production occurred in the deeper
zone of deep, fine sediments in which gravel was scarce and boulders were absent.

Nematodes of the littoral zone can reach very high densities among the attached algae of dense
emergent and submersed macrophytes. In a detailed study of several lakes, Pieczynska (1964)
found maxima occurred in May and June, when the populations numbered over one million
individuals per square meter. of substrate surface. During the other seasons of the year, the
nematodes occurred in smaller, more or less constant densities. The densities of nematodes were
correlated directly with the development and density of attached algae.

(4.3) Annelida

Two major groups of the annelids, or segmented worms, are represented in fresh waters. The
first of these, the Oligochaeta or aquatic "earthworms”, often form a major component of the
benthic fauna, particularly of lakes. The other group, Hirudinea or leeches, is a diverse class
of annelids of much biological interest. Although the significance of leeches as a component of
total benthic animal productivity is unclear at this time, their predatory habits can materially
influence the population dynamics of other benthic organisms, especially oligochaetes.

Oligochaetes are typically segmented, hermaphroditic annelids with body size ranging from less
than 1 mm to about 40 cm, but much freshwater forms ar less than 5 cm in length.

Much oh the information on oligochaete populations focuses on the geographical distribution,
habitat selection, and effects of organic pollution. The number of species is often greater in
larger lakes, perhaps because of the greater number of different microhabitats common in larger
lakes. Aquatic oligochaetes are distributed widely in lakes of greatly differing productivity,
from oligotrophic to extremely eutrophic (Wetzel 1975).

Annelids are abundant and widespread in Gatun Lake sediments. They were found in almost

every sample taken from the benthic region. Annelids in Gatun Lake were clearly dominated by
oligochaetes which represented between 94 and 100 percent of the group (Table N° 140).
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relatively high mean density of 204 individuals/m2. Peak abundance of Branchiura sowerbyi,
which reached 101 individuals/m2, occurred in the profundal region in July in the FB-03 and FB-
06 stations (Table N° 142).

The other major family of freshwater oligochaeta is the Naididae, an ecologically diverse group
of worms, many of them small. Some naidids are deposit feeders, but many others eat algae
or small animals. The Naididae often are overlooked by limnologists, even though they
dominate the oligochaete communities of many lakes (Strayer 1985).

Oligochaete species are separate within the sediments. Naidid oligochaetes are concentrated at
the sediment-water interface, rarely more than 2 to 4 cm below the surface. Tubificic
oligochaetes are most dense between 2 to 4 cm of sediment depth, occasionally as deep as 15
cm. The movements of benthic organisms within the sediments are important because of the
possibility that their activity can disrupt the oxidized microzone of the sediment-water interface
and there by alter rates of chemical exchange between the sediments and overlying water. It
appears that the intensive microbial activity at the sediment-water interface is sufficient to
reestablish redox conditions almost immediately after such disturbance (Wetzel 1975).

(4.4) Hirudinea

Some leeches act as ectoparasites consuming blood and body fluids of vertebrates greatly in
excess of their body weight. Other leeches are predatory on invertebrate such as oligochaetes,
and entirely consume their prey (Elliot 1973).

Reproduction apparently is governed by the temperature, the density of the populations, and age.
When population densities become high, size can be regulated by high mortality of the eggs,
which are consumed by adult leeches (Elliot 1973).

The abundance of leeches is highly variable among different habitats of lakes. A general direct
correlation exists between leech abundance and lake productivity. This relationship probably is
associated with the increasing diversity of substrate types among the macrophytes and sediments,
with correspondingly greater amounts of invertebrate food sources for the predaceous leeches
and birds, and vertebrates for the blood-consuming leeches (Sander & Wilkialis 1992).

In Gatun Lake, scattered indivi&uals of this group were found at the FB-03 and FB-04 stations.

(4.5) Qstracods

The ostracods, small bivalved crustacean usually less than one millimeter in size, are widespread
in nearly all aquatic habitats. Their small size, benthic habits, and difficult taxonomy have all
contributed to a very poor understanding of their ecology in fresh waters. Ostracods are
omnivorous and feed on bacteria, algae, detritus, and other microorganisms by mean of
filtration. Very little is known of the effects of ostracods on the turnover and metabolism of
benthic microflora. The large population number of ostracods suggest that their role in the
metabolism of surficial sediments is underestimated.
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Littoral benthos sampled in April 1993, showed relatively high Mollusca population densities
at six stations. FB-05 lacks littoral area devoid of macrophytes, so it was not possible to sample
the sediments. Abundance of mollusks in the littoral region in April was over 200
individuals/m? at the FB-01 and FB-02 stations, while at the stations FB-04, FB-06 and FB-07
densities were well over 1,000 individuals/m?.

Mollusks from the profundal sediments reached their maximum overall density (1,073
individuals/m?) in February, then steadily decline during the rest of the study period.

Mollusks constituted more than 40% of the total benthic organisms in Gatun Lake. The lowest
proportion of Mollusca in the profundal sediments occurred at the FB-02 station, where they
represented 41% of the overall benthic population per station. The highest overall percent
values were recorded at the FB-06 (95%) and FB-07 (93%) stations (Table N° 144).

Littoral benthos, sampled in April 1993, showed a clear predominance of Mollusca, which
represented 91% of the total benthic population in this region. In the sediments from the
profundal region, the highest proportion of Mollusca occurred in May (89%) 1993.

Snails (Gastropoda) and clams (Pelecypoda) dominated the mollusks population of Gatun Lake
at all times of the study period. Gastropods dominated the Mollusca at the stations FB-1 (78%),
FB-03 (69%), FB-0S (97%), FB-06 (60%) and FB-07 (56%), while pelecypoda dominates only
at the FB-02 (100%) and FB-04 (84 %) stations during the study period (Table N° 145).

Total Gastropod densities in the profundal sediments increased from 72.46/m%in July to
389.84/m? in November, then declined to 210.78 in May. Pelecypoda did not show a clear
pattern but a maximum was recorded in February (778.55 individuals/m3?).

The highest total mean per station for Gastropoda was recorded at the FB-06 (748
individuals/m?) station while that the FB-04 station showed the highest total mean for Pelecypoda
(1,816.31 individuals/m?).

In Gatun Lake, mollusks were dominated by two pelecypod and two gastropod species:
Corbicula sp., Melanoides tuberculata, Sphaerium sp. and Pyrgophorus coronatus (Table N°
146).

Corbicula sp. dominates the Mollusca population in Gatun Lake, where it represented 38.58
percent of the overall Mollusca population density. Peaks abundance of Corbicula sp. occurred
in February and May, when they represented 71.84 and 56.89 percent of the Mollusca
population, respectively (Table N° 147).

Corbicula sp. was common at the FB-03, FB-04 and FB-06 stations, where it reached overall
mean densities of 150.47, 1,168.74 and 479.77 individuals/m?2, respectively. Peaks abundance,
" which reached overall mean densities of 770.94/m? and 278.10/m? occurred in February and
May, respectively. Highest densities of Corbicula sp. occurred at the FB-04 station where it
reached 4,418 and 1,307 individuals/m? in February and May, respectively (T able N° 147).
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The following aquatic insects were the most common among the samples:
-Qdonata (Dragonflies and Damselflies): The odonata nymphs and almost entirely littoral

in habitat, living among macrovegetation and littoral sediments, and burrowing into surficial
sediments. The nymphs have fairly high respiratory demands and oxygen requirements.

A few Libellulidae nymphs were collected from the benthic region in the FB-01 station
(8.88/m?) on February 13, 1993.

-Diptera: The dipterans form major constituents of the benthic invertebrates of many
standing waters, and the chironomid ‘arvae are particularly ubiquitous. Adults essentially
are never aquatic, but most of their life cycle is as immature forms is fresh waters. Most
species have generation per year, some have 2 per year, and fewer of those known species
have a 2 year life cycle. Most larvae respire cutaneously or by mean of "blood gills®.
Some larvae possess a type of hemoglobin that functions efficiently at low oxygen
concentration.

The chironomid midges are, by most measures, the most important animals in the lacustrine
zoobenthos. They are abundant in most lakes, and commonly constitute upwards of 50%
of zoobenthic biomass (Strayer 1985). Because many chironomids are retained on coarse
sieves (e.g. 1 mm mesh), they are often considered to be part of the macrofauna. However,
small species and early instar larvae pass such coarse sieves, and are retained quantitatively
only on sieves as five as about 0.1 mm mesh. In this study, we used | mm mesh sieve to
retain the fauna collected from the sediments. It is possible that most of the chironomid
larvae passed through this coarse sieve and their density records are underestimates (Table
N° 151).

In Gatun Lake, chironomid larvae occurred in relatively low numbers (up to 62.22
individuals/m?2 in FB-01 in February and in FB-04 in November) in the sediment samples.
FB-01 station showed the highest chironomid larvae density with a total mean of 30.62/m?
followed by the FB-01 station (19.55/m?). Peak abundance of chironomid larvae occurred
in February (20.31 individuals/m?). At this sapling date, they showed up at the FB-01
(62.22/m?), FB-02 (44.44/m?), FB-03 (8.89/m?) and FB-04 (26.66/m?) (Table N° 152).

-Chaoboridae: This family is represented by a single genus, Chaoborus, in Gatun Lake.
The larvae of Chaoborus live in the sediments during the day and in the pelagic zone at
night. They are predaceous, feeding both on zooplankton and zoobenthos such as
oligochaetes. '

Because of its small size, it is possible that most of the Chaoborus larvae passed through
the sieve (1 mm) used during the study and its population densities are underestimates.
Chaoborus occurred in August at the FB-02 (14.81/m32) station and in November at the FB-
02 (26.67/m?) and FB-04 (8.89/m?) stations.
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minimum value of 0.26 was recorded in the stations FF-08 and FF-09 (Table N° 158). These
fish per hour indices range from 0.67 and 0.88 fish/hr.

The total weight for the inventory was 226.4 kg, obtaining the higher amount in the third
sampling period with 65.8 kg, while the minimum amount of was obtained in the fourth
sampling period with 39.5 kg. The stations FF-04, FF-02, FF-03, FF-01, FF-05 and FF-07
showed the higher biomass values with 98.5, 34.7, 25.4, 18.4, 17.3 y 10.8 kg, respectively
(Table N° 159).

Simultaneously, during the inventory of fish species we collected five species of crustacean
decapods belonging to 3 families (one freshwater and 2 brackish water species). Also was caught
‘one freshwater mollusca species. The checklist of the main macroinvertebrates species and their
families are presented in Table N° 160. The distribution of these species also is detailed in
Table N° 161. Callinectes toxotes, Macrobrachium amazonicum, and Macrobrachium
americanum were the most common crustacean decapods during this inventory. -

From the 5 crutacean species, 4 (or 80%) were collected in station FF-01 (Miraflores Lake) and
were Penaeus stylirostris, Macrobrachium americanum, Macrobrachium sp. and Callinectes
toxotes. In the other hand, Macrobrachium amazonicum was collected in stations FF-03 and FF-
04, located at the Alajucla Lake where it was recently introduced. The freshwater snail
Pomacea sp. of recently introduction in the Panama Canal lakes are present in stations FF-03,
FF-04, FF-07, FF-08, FF-09 and FF-10 (Table N° 162).

~ Numerical dominance was observed in M. americanum, M. amazonicum, and Callinectes taxotes
_ with 43.4, 27.3 and 24.2% of the catch respectively, totaling the 94% of the inventory catch.
" The other 6% was divided between Penaeus stylirostris and Macrobrachium sp. (Table N° 162).

The total weight for these macroinvertebrate was 4,924 g. showing Callinectes toxotes and M.
americanum the higher values with 85 and 12.4% of the total biomass, respectively.

(6) Commercial and Sport Fisheries

(6.1) Commercial Fishery

This activity is carried out by local fishermen living in shoreline communities of Lake Gatun and
Alajuela Lake. These fishermen trade fish locally or send them to the city markets in Panama
and Colon.

The main type of fishing is through fishhook (N° 10) and string, baited with live bait. Generally
fishermen fish for three to five hours a day, for a period of 3 to 6 days per week. As
transportation they use canoes with lengths of four to 6 meters, propelled by oars or by outboard
motors of 4.5 to 6 hp. (Maturell & Tapia 1991).
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Table N° 154 displays the data on the catch and fishing efforts recorded from November 1992
to March 1993, in a sport fishing landing point in La Arenosa.

During this period, a total capture of 2,326 kg was registered, with a mean value of 465
kg/month. The total fishing effort was 568 hours with a mean value of 114 hours. Finally, the
total c.p.e.f. was 19.8 kg/h with an average 3.96 kg/h (Table N° 154). Without any doubt,
this fishing activity involves the creation of many temporary and permanent jobs from boat
rentals to cleaning of captures, etc.

6.4)C 2l fishi lysis at the Gatun River C. ive. Col

During 1992 the National Directorate of Aquiculture through the Department of Lakes and
Rivers, carried out a study to gather data on the catch, ﬁshmg efforts, and fishing efforts of the
pre-cooperative group of Gatun River, Colon.

This particular group of fishermen is made up of ten active members that usually fish for 3 to
6 days a week and sell their catches in a small store along the Transisthmian Road, near the
town of Gatun River.

It is important to stress that the data for 1992 is incomplete due to problems which appeared in
the records of the pre-cooperative. In Table N° 153 are displayed the leading data for this
group.

In 1992, the total capture (kg) for this group was 10,398 kg, September being the month with
the most captures (1,588 kg), while the smallest kg of captures ocurred in February with 748
kg. Mean monthly capture was of 1,157 kg for that year.

The total fishing effort was 3,358 hours for 1992, with a peak value in September with 470
hours. On the other hand, the minimum fishing effort was in February, 1992 with 256 hours.
The mean monthly fishing effort was 373 hours.

The captures per effort unit (c.p.e.f.)) was variable for 1992 with an average 3.07 kg/h, showing
a peak c.p.e.f. in August with 3.62 kg/h, while a minimum was reported for February with 2.46
kg/h. (Gonzalez 1993).

It is important to stress that commercial fishing has a limitation, which is the lack of market
which inhibits its growth. Every fishing cooperative faces this limitation.

Although the Department of Lakes and Rivers of the National Directorate of Aquiculture closely
monitored the groups close to the lakeshore, official figures have not been collected regularly
this may explain that the minimum annual commercial capture is close to 10 metric tons in each
community.
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Agassiz as chief scientist (Garman 1899), Meek & Hildebrandt 1911-1912 (Meek & Hildebrang,

1923, 1925, 1928), Waldo Schmitt in 1926 (Rathbun 1930, 1937), George Vanderbijt in 194

(Fowler 1944), the Allan Hancock expedition in 1934, 1935, and 1938 (Rathbun 1937), a4

more recently the R/V John Pillsbury expedition carried out by the University of Miamj during

1966-1967 in behalf of the Bioenvironmental and Radiologica] Safety Feasibility Studies Atlantic.
- Pacific Interoceanic Canal (Bayer ¢t al. 1970).

(¢)) Ocanography and Water Quality

upwelling in the Caribbean side.

Another important features affecting the Properties of the sea water are the tides and the coasta]
currents. While in the Gulf of Panama the tides are semi-diurnal and wide ranged (6m), the
tides in the Caribbean side are both semi-diurna] and diumnal, of smajj amplitude ( <0.5m).
Related to the tida] regime is the residence time of natural or anthropogenic elements in these

The results of the Mmeasurements and analysis corresponding to the qQuarterly samplings
performed in the period from July-1992 to May-1993 are Presented in Tables N° 163 to 167.

132




£el

“eureued jo Aeg oy
JO 139eMm BIS Y UT SIUILDNU JO UONBNUIDUOD Y UOUN[[IP AQ PIseadep Jjouru pue uonwidioaud
oyl ‘shp ueyn UOW  °sprjos papuadsns jo peo] YB3y sa1 Jo IsNEIAq SSEW IStEM I JO
Aouaredsuen ay) SISEAIIP JJOUTU Y], *SIUSLIINU PIA[OSSIP JO uonenuaduod 3y pue Asuaredsuern
A are 3reyosip ssaremysay oy Aq suaeurered pajodyse 1sow A ‘Ajumes oy sapiseg *Jjouru
sy pue uoneidioad Y3y sy 01 parejar are pureueq Jo Aeg Iy Jo Idtem B35 AP UT sadueyd
saneoyrudrs jeyn paroid (9961) epAeWS “BaTe Y UI JJOUNI IITRMYSL) SY) PUE [TRJUTEI Oy
Uo Jux3 je3 w1 puadap Aeg Bureueq sy Ul SUONENUIUOD P [[AYdoIONYS P PUE SHUILONU Y]

‘(1661 B
B 201D.Q ‘6961 4813qs104 ‘9961 epARWS) Jeah y) JO N Y PUE BATE Y IO [BULIOU aunb
Je SONSUORIBYD ISAYL ITRIIAR YY) UO ‘00/0 Of MOJ3Q Sem AJIUI[ES SJBLINS BIS Y} PUR D),87
punore sem uoseas Aurel 3y} 3uunp Aeg eureueq ay Jo ainjesadwa) oINS Bas 3y ‘Arewwns uj

"(SL oN 1n31) uoseas Aures ainus syl Suunp wdd g veys so[rews sem pdsp ur wgy
JO uwn[od JNEem B Ul UIZAXO PIAJOSSIP Y} JO UONEBIUIDUOD UT IOUAISIP S Jely PIIOU SeM I
uones SIp Ul “pO-OMIA UOLIEIS I8 POPIOAI Sem UIBAXO PIAJOSSIP JO UORNGLUSIP WLIOJIUN Y
Jo 9durexs reoidAy v “(anfea uonwinges 9/ ,) wdd ¢ 9aoqe usBAxo pIA[OSSIp JO uonenuduod
POUTEIUOD SIjeM WONOQ Y) JWN dwes Y3 I J[Iym ‘(3neA uoneimes Jo % ¢7]-z6) wdd g 01 9
U3OMI9q pILIeA UOSEds Aurel ay) 3uLnp SI9JBM 30BLINS UI UONBNUOUOD USBAXO PIA[OSSIP Sy
"UWN[OO J31eM Y Ul USBAXO PIAJOSSIP JO UONEBNUIOUOD 3y Ul sanfea wiojiun Aq porvedwodde
S! uopeoynens Jo oussqe Yl dwey) jo Aeg 3y 01 Kinwixoxd ayi pue s19au SuuoqySiau
S| Wolj jjouns Inemysaly dy Jo doudnpul Iy o3 anp st sy Aipqeqoad [ Y (v
oN 2In31) JIGWIAON Ul 00/0 8Z Pue A[N[ Ul 00/0 [ ¢ INOGE JO AIIUIES J0BLINS BIS mo| AjoAnean
P (0T-OMIN Pue 80-DMIA suoners) s10ds Swos are a1ay) eare Apnis 3y Jo UonIIS 159M Y U]

"T661 J9QUISAON Ut
00/0LZ 03 AInf u1 00/0 [ InOqe Woy SuiSues ‘uonels SIy) Ul punoy Anutres mof ayy 03 Surpiodoe
(up3req jo wuoxy u) Z0-OMIN UOREIS 18 PSRN 3q [INS UED SYO0] Y3 WOY I3reyosip igemysaly
UL "SY00] Teue) eureued Y JO ucneIado Iy WY INEMYSAL JO JJOUNI JURISUOD A O)
PAIR(qns S YoIYM ‘Y007 SAUOPRITIN Y} O 50> PITedso] ‘10-OMIA UODENS T8 punoj s1 snp o)
uondaoxs Ue ‘13A3MOH (€L oN uN319) $0-OMIN uoness je PoAIISqO st sty Jo djdwrexs poos v
"00/0 6" PIPISOX? 35O AUB UI YOTyM ‘AITUTTES WIOKOQ U PUB 0BLINS BIS U] UMD U
MmN A1aA st-aryl Autres 9y Jo uonnquustp yidap 3y Butpredas pirea st uonipuod sures ayJ.

"(TL oN uN31g) D.8°1 A[uo sem sarmesadwa) wonoq pue oeuNs
o USAMIIQ OUARYIP Y TBY paredtput (dop ur wigz) eare patprIs A Ut tpdsp soreass oy
WA ‘p0-OMW uonEss YL “UOSEds SI 3ULIND UOWIWOD Sem ‘Bare Y} UT SUOKEIS Iy} JO [Te Ul
wonoq 3 03 3eNS Y} WOL D67 PUNOCIE ‘JNBM ULIEM JO J9KB] PIXIW B ‘OS[Y °*SUOREBIYTRRS
[eulay jo xoe] oy pue sAnsdosd A JO UOONQLISIP ULIOJIUN U PITSIPUI LOSEIs AUTEX I
Suunp 131em Bas 3y JO SISATeUR Y pUR SHUSWRINSEIW PISY 3y Jo sIInsa1 9y, UOSER AURT 3T

EUTeTey JO Ae 307 JO AUAEI3oUed0 (1°1)

BRE

ond "9 Sl §

b



The concentration of nutrients, between August and November 1992, was quite low and rather
uniform regarding the vertical (Figure N° 76) and horizontal (Figure N° 77) distribution. The
concentration of nitrates, a critical nutrient for the phytoplankton photosynthesis, seldomly
exceeded 1 pg-atom/L in all of the vertical profiles in the area. Higher values were found
during November at the stations MWQ-01 and MWQ-02, both located close to the entrance to

- the Panama Canal. The relatively high concentration of nitrates (higher than 2 ug-atom/L) with
most probability is related to the contribution from the fresh water runoff from the Gatun Lake.
The analysis of the water of Gatun Lake indicated extremely high concentrations of nitrates
(around 10 ug-atom/L) in the vicinity of the Miraflores and Pedro Miguel locks.

- The concentration of chlorophyll a presented a significatively increase in November, sharpy
pronounced at the stations MWQ-01 and MWQ-02 (Figure N° 78). With all probability the
increase of chlorophyll at these stations is related to the freshwater runoff from the Miraflores
and Pedro Miguel locks. Coincidencely, the analysis of freshwater samples from Gatun Lake
indicated a steep increase of nitrates and chlorophyll @ during November 1992.

The concentration of total phosphorus, which during July was higher than the average for this
time of the year, returned to normal levels in August and November. Both the concentrations
of the nitrates and total phosphorus during November were significatively lower than those of
July. According to Smayda (1966) the amount of inorganic phosphate in the water column in
Bay of Panamd is inversely correlated with the precipitation and the freshwater discharge. Thus
this correlation increases with the progress of the rainy season. Also, this conclusion might be
valid in regard to the observed decline in the concentration of nitrates.

The dry season: The monitoring of March 1993 indicated significant changes of the parameters
in response to the development of the seasonal upwelling in the Gulf of Panama, normal to this
time of the year. In general terms, there was a big change from November 1992 to March 1993,
which reflected the effects of the movement of the Intertropical Convergence Zone southward
of Panama.

According to the hydrometeorological data there is a strong correlationship between the annual
average of the northerly wind index vs. the decrease of the average sea level in the Bay of
Panama. This is followed by a simultaneous decrease in the sea water temperature and increase
in the salinity of the water column.

The sea water temperature at the surface indicated a decrease from 28-29°C in November 1992
to 22-24°C in March 1993 (Figure N° 79), whereas the sea surface salinity increased from 27-28
0/00 to 34 0/0o0 in the same period (Figure N° 80). The mixed layer decreased to less than 10
meters and the thermocline used to be found between 5 to 10 meters in depth. Also, the stability
of the water mass decreased substantially.

The temperature and the concentration of dissolved oxygen in the water column decreased
(Figure N° 81) while, on the other hand, the salinity and the concentrations of the dissolved
nutrients increased in all levels of the water column. The spots with the low surface
concentration of phosphorus and nitrates vanished in March 1993,
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of total and fecal coliforms. The maximum counts of coliform were recorded in August whey
practically all of the stations indicated the presence of total coliforms (between 20437
MPN/100ml), as well as the presence of fecal coliforms (between 4-231 MPN/ 100ml). The
counts of total coliforms (Figure N° 85) and fecal coliforms (Figure N° 86) were at minimun
in November.

by the high values in turbidity, suspended solids, total phosphorus, and also by the moderate
counts of coliforms.

The analysis of volatile organics from samples collected during June and July 1992 revealed that
such compounds are not found in the area in meaningful concentrations (Tables N° 173 and

In summary, the data gathered through this Biological Inventory suggests that the water quality
of this part of the Bay of Panama is normal and present a healthy image.

(1.2) Qfmzmmm:.mmumm

The rainy season: The most notable characteristic of the sea water within the study area is the

homogeneous distribution of the properties in the water column. These conditions comprised
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Offshore the Bay of Limén the salinity is typically oceanic (35.5-36.0 0/00). This pronounced
increase of the salinity was observed from the surface to the bottom and the gradient was around
0.5 o/0o. This suggest the presence of a highly homogeneous water mass at the beginning of the
rainy season.

The concentration of nutrients in the water columm was doubled, and eventually triplicated, and
these were the highest values found during this project in this area (Figure N°® 96). Both the
concentration of total phosphorus and nitrates indicated an uniform distribution in the water
column with values above 1 ug-atom/L. This stimulated a moderate photosynthetic activity in
March 1993 that was higher than the observed during the rainy season of 1992. This was
evidenced by the relatively high values uf chlorophyll a, generally above 1 mg/m® (Figure N°
97). :

The concentration of the nutrients markedly decreased at the end of the dry season (May 1993),

returning to the typical conditions of the rainy season. However, the exception to this was the-
high concentration of total phosphorus during May 1993, being this the highest concentration

recorded during this project (around 1.7 ug atom/L). These high levels of phosphorus were

accompanied by increases of chlorophyll a in the surface (near 0.5 mg/m’). This should mean

a higher photosynthetic rate at the beginning of the rainy season.

Water quality of the study area in the Caribbean: As previously indicated, the concentration of
dissolved oxygen in surface water ranged between 5.7 and 7.0 ppm (87-107% saturation value),
whereas in the bottom was generally over 5 ppm (76% saturation value) during the rainy season.
Low concentration of dissolved oxygen was observed offshore the jetties during the dry season
(2.0-3.0 ppm). This might be caused by the inversion of the water column due the increase of
the surface water density. This event brings to the surface the poorly oxygenated bottom waters.

The BOD concentration, from July to November, was rather low and quite uniform (1-2 ppm)
during the period of this project. The BOD values from August were the highest and the BOD
values of November were lower than those of July. These changes in BOD values were follow
by: a rather striking and paralell increase in the counts of total coliforms (76-348 MPN/100ml)
and fecal coliforms (34-97 MPN/100ml) during August, and a markedly absence of total and
fecal coliforms in November 1992, and March 1993 (Figures N° 98 and 99). At the end of the
dry season, the offshore low values of dissolved oxygen vanished and the analysis from the May
1993 samples revealed a well oxygenated water mass.

During May 1993, coliform were present at all of the sampled stations, with the exception of
station MWQ-15 and MWQ-16 located offshore the jetties. However, both the counts of total
and fecal coliform were below 100 NMP/100 ml.

As recorded in the Pacific, the concentration of heavy metals during the dry season (March
1993) indicated a clear decline in comparison to the rainy season (Tables N° 168 to 172). These
concentrations are within the normal range found in the Caribbean coast (Lowman ¢t al. 1970).
The decrease in the concentration of these metals with all probabilities is due to the decrease of
turbidity and suspended solids which contains important quantity of heavy metals.
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(2.2) Caribbean

Sediments collected in the Caribbean stations showed an increased in the proportion of the silts
and clays fraction (< 80 microns). All of the data from the granulometry analysis are presented
in Tables N°® 175 to 179. It was observed that the silts and clays fraction composed almost 70
% 1 31 % for the average case of total sediments of the Caribbean study area (Tables x-x).
Caribbean stations showed a higher contribution of the sand fraction (medium to very fine sand)
of the total sediment samples (N= 30).

The results from the analysis of total nitrogen and total organic carbon in marine sediments are
presented in Tables N° 180 to 184. The concentration of the organic nitrogen in the sediments
in the Caribbean remained nearly constant throughout this study, the same as in the Pacific. The
concentration of organic matter in these marine sediments is low, in the range between 2-4%,
and this were found well oxigenated without presence of sulphidric ion. The concentration of
total nitrogen (0.10 to 0.20%) in sediments is about half of the value normally found in the Bay
of Panama. This might be related to the smaller organic production in the Caribbean, or to the
higher concentration of dissolved oxygen.

In general, the concentration of copper and zinc in sediments from the Caribbean are similar to
those measured in the Bay of Panama (Tables N° 180 to 184). Although the reported
concentrations of heavy metals are within the limits normally found in coastal sediments (Green,
1959), the concentrations of manganese and iron are significantly higher than those found in the
sediments of the Bay of Panama. With the exception of this anomaly, the sediments of the
Caribbean area do not indicate any significant symptom of metal contamination.

The highest concentrations of HMW hydrocarbons were detected within the Bay of Limon and
particularly close to the navigation channel of the Canal (stations MB-09 and MB-10) ranging
the values from 49.30 to 67.84 ug/g dry sediments (Table N° 185). Offshore the breakwater
the hydrocarbons are found at lower concentrations, indicating clean or slightly impacted marine
sediments that contained small amounts of HMW hydrocarbons, possibly from biogenic sources.
On the whole, the accumulation of hydrocarbons in sediments is low and do not suggest an
important pollution.

(3) Corals, Mangroves and Marine Grasses

(3.1) Corals

During the past 20 years the coral reefs in both coast of Panam4 have changed notably, being
evident a high and progressive decay of the community due to natural events, as El Niilo, but
mostly because of the anthropogenic actions such as oil spills, increased sedimentation, and
dredgings (Glynn 1988, Guzmdn ¢t al. 1991). A great portion of the coral reefs close to both
entrances to the Panamd Canal are affected by oil pollution (Guzmén ¢t al. 1991, Guzmdn &
Holst 1993), heavy metals (Guzmén & Jiménez 1992), in addition to the overfishing of fish
species associated to corals, and the extraction of corals (Guzmdn, pers. observation). The most
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affecting the coral reefs in the area (Rutzler & Sterrer 1970, Guzmédn ¢t al. 1991, Guzmén &
Holst 1993).

The history of the coral reefs in the Pacific entrance of the Panam4 Canal has been less dramatic
than described for the Caribbean, since there were more construction material available from
large land excavations in Gaillard Cut and some other areas (Rousseau 1916). Notwithstanding
that, both entrances to the Canal are constantly subjected to a high silting derived from the
dredging of 2 million m® of sediments as required for the functioning of the Canal (Noriega
1986). In addition, the locks operations produces a constant discharge to the coastal zone of
millions of gallons of water loaded with suspended solids due to the deforestation of the Canal
watershed (Bethancourt 1988). In spite of the high sedimentation in the area and the history of
adverse environmental impacts since the beginning of this century, the mean coverage of coral
in the Caribbean side was near 27% in 1985 (Guzm4n etal. 1991), and possibly higher than this
in the Pacific (Glynn 1984).

‘ Currently, two third of this coverage has disappeared (Guzmén et a]. 1991).

: Thirteen (13) reef’s flats with different sizes are
present in the Caribbean study area and none in the Pacific area (Maps N° 20 and 21). The
total area of the reef’s flats in the Caribbean is 134.4 Ha (Table N° 186). The reef’s flats of
Largo Remo Is., Galeta Is., Fort Sherman and Bruja Is. are the largest within the study area
(Table N° 186).

The number of coral reefs within the Caribbean study area is similar to that of the reef’s flats

(Map N° 20, Table N° 186). Many of these coral reefs are separated by channels into small

patches distributed across the flats. The total area of the coral reefs in the Caribbean was 204.6
? Ha, whereas in the Pacific these were just 3.9 Ha . The most important reefs in the Caribbean,
7 regarding their size, were those of Payardf Is., Largo Remo Is., Galeta Is., Media Palma, and
| Brujas. The coral reefs at Payardi Is., was possibly twice as big as it has been observed during

this study, due to the 5 millions of cubic meters of corals that were extracted in the excavations
i that took place during the construction of Refinerfa Panam4 (the oil refinery).

The coral reefs in the Pacific area (Map N° 21) were only found in the surroundings of Taboga,
Urabd, and Tabogui''a Islands. The coral reef northeast to Taboga (in front to the town) is the
largest and best developed of the area and has almost 2 Ha. However, this coral reef is
completely dead. Some coral communities, formed by few coral colonies growing on the rocky
bottom, were observed in all of the surroundings of these islands, including Farallén Is., Cham4,
Tértola, and Melones. No corals were observed in the surroundings of islands very close to the
mainland (i.e. Venado, Gato, and the group of small islands south to the Rio Perequeté) in spite
of the presence of rocky bottoms which might provide a suitable substrata for coral development.
Possibly, the high siltation produced by the tides might be a limiting factor for the normal
development of coral reefs in this area.
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however, since these were just a few colonies within a large area (0.9 and 1.8 Ha respectively;
see Table N° 186), none of these were detected within the transects recorded at each of the
reefs. The crustose coralline algae covered 100% of the area within the transects at these sites.
Regarding the Urab4 reef, with intermediate size when compared to the other two reefs, P.
damicornis cover more than 20% of the reef area, whereas coverage by P. clavus and
Psammocora spp. is less than 2% (Figure N° 108). It is important to mention that this small
reef patch is beside the unique population (6 individuals) of Siderastrea sp. reported for the
eastern and western Pacific Ocean.

In general, the main reef builder species of the Caribbean Sea were recorded within the studied
area. The absence of some of the Caribbean species (47%) within the studied area could be
explained as follow: 1) these reefs are not found in depth greater than 10-12m, whereas in other
areas of Panam4 (i.e. San Blas) reefs are distributed down to 40m in depth; 2) the environmental
impact that have occurred since almost a century, has been mostly concentrated in the Colén
area; 3) the reefs within the study area are under a chronical environmental pressure as a
consequence of the dredging, silting and oill pollution (see Guzm4n et al. 1991, Guzmén &
Holst 1993). Although the first explanation could answer the absence of some species that are
associate to specific habitats, although these are not the majority of the species; the two other
explanations seem to be a more valid explanation for the decreased number of species. For
instance, Acropora palmata disappeared from Bahia Las Minas after the 1986 oil spill (Guzmén
etal, 1991). Porites furcata, a very active reef builder coral species in Bahia Las Minas, was
found in healthy conditions only at the Largo Remo west reef (LRRW). Additionally, all of the
reefs within the Bahia Limén were killed because of the construction and operation of the
Panami Canal, also being affected extensive areas of coral reefs located several miles away
(H.M. Guzmin unpublished data). The reduced area cover by life coral (<6%), and the high
coverage by macroalgae (>80%) found at all of the reefs (Figure N°® 105) clearly evidence the
magnitude of the damage suffered by the corals of the area since time ago.

In the Pacific, the species diversity is comparable to what has been reported for the rest of the
isthmus and the eastern Pacific. Although not documented from the quantitative side, the coral
reefs at Taboga-Taboguilla were affected by the 1982-1983 El Nifio event, causing massive
mortality of corals that reached 90% in some of the reefs at Las Perlas Is. and in the Gulf of
Chiriquf (Glynn 1984). Besides this, these reefs have recently been subjected to large extraction
of coral heads to be sold abroad. It is understand that this activity has been stopped. The only
coral reef within the area that still alive is at Urab4 Is. In this reef was discovered the unique
alive population of Siderastrea that exist in the eastern and western Pacific ocean. This
discovery has promoted an intense scientific interest in the area. Until know this genera was
exclusively reported for the Caribbean Sea, the Red Sea, and the Indian Ocean (Veron 1986).

It is necessary to understand the value of coral reefs for the society. The benefits derived from
these reefs are beyond their importance for the coastal protection, the fisheries yields, and the
reacreational value, because of the current researchs on the reef’s natural products that are being
tested against many human diseases. Whatever is the selected alternative for the Panam4 Canal,
it should consider the current health of the coral reefs in the area. If the salinity, or the rate of
silting, are changed due to the deforestation of the Canal watershed, the widening of the canal,
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composition (Table N° 199), and it had a basal area of 48.2 m*ha. Also note the 19%
presence of tall Rhizophora racemosa (17-18 m).

During the survey, the stream flow was notably freshwater outflow with many drift logs and
flotsam being swept downstream. This was reflected in low mid-stream salinities (Table N°
198) and temperatures (mean of 24.8 °C). It was also observed that several species were
flowering and/or fruiting. Some notable ones were: Rhizophora mangle with mature fruits;
Avicennia germinans with immature and mature fruits; and, A. bicolor with mature buds and
flowers.

The mouth of the river and the surrounding rocky headland shores were notably dominated
by scrubby Laguncularia trees (3-8 m tall). There were no Rhizophoras observed in this
habitat. The small rocky island (called Isla Peligro in this study), 4 km east of Rfo
Perequeté, also had many scrubby trees of Laguncularia racemosa (3-4 m tall) on the north-
western rocky-spit beach. These were on the low to mid intertidal. Behind them (mid to
high intertidal) was a small number of other trees (~ 8 m tall), including several Avicennia
germinans, and two A. bicolor. There were no Rhizophoras.

-Caimito: This section of the coast is situated in the southern part of the Pacific study area
(Map N° 93). It includes four general groupings of mangrove forest communities, notably
those around the Rio Caimito system, southern Bahfa Chorrera and Isla Gato, Quebrada
Copé and Punta Salazar, and Bahfa Vacamonte (Map N° 121). The country-side
surrounding these mangroves is generally hilly grasslands with some scattered small stands
of natural trees. There is a busy village at Puerto Caimito. Rainfall, tidal range and wind
conditions are notably similar to those shown in Map N° 24,

The Rio Caimito system is the largest area of mangrove in this section. There are around
3.50 km? (=350 ha) of surrounding mangrove forests in this well-developed estuary. The
main channel is navigable by small craft for 8 to 9 km upstream. This course meanders and
the actual distance inland accessible by boat is less than 4 km.

Nine mangrove species, and the white form of Pelliciera, were observed in this system. The
most outstanding finding was Mora oleifera since this was the only site where this species
was observed in the study area. All taxa are listed in Table N° 200, along with their
presence at eleven sites upstream. Note the differing ranges upstream of each. Laguncularia
racemosa and Avicennia germinans extend virtually throughout the estuary. Avicennia
bicolor and Pelliciera rhizophorae “red” range from the mid to upper estuarine parts, while
the white Pelliciera was notably seen upstream only. The pattern with Rhizophoras noted
in the Perequeté was also seen in this river, namely with Rhizophora mangle limited to
downstream parts and R. racemosa upstream. These latter trees upstream were around 40
m tall. Upstream parts (~4.5 km and more), where characterized by the presence of Mora
oleifera. These trees were around 30-40 m tall and often formed a continuous monotypic
canopy with an undercanopy of Mora seedlings, as well as, Acrostichum and Tabebuia.
(~2-3 m tall).
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parts. Only one Rhizophora species, R. racemosa, apparently occurs in this system, and this
isfrommidtoﬁmherupsuum.n&hnermwmmndmmml.
Hibiscus tiliaceus was found in upstream locations beyond 2.8 km (Table N° 205),

The Juan Diaz system was characterized by the dominance of Avicennia bicolor in many
species associations, or in monotypic stands. The stand surveyed included a even mix of
both Avicennia bicolor and Rhizophora racemosa. These were of moreorless equal height
and number. Generally trees were around 20 m tall. Tabebuia was notable again as an
undercanopy to Avicennia bicolor in upstream locations.

During the survey, the stream flow was notably freshwater outflow with drift logs and
flotsam. This was reflected in the upstream record of salinities (Table N° 204) and
temperatures (mean of 26.7°C). It was also observed that several species were flowering
and/or fruiting. Some notable ones were: Pelliciera with flowers, Tabebuia with flowers and
fruits; Rhizophora mangle with mature fruits; Avicennia germinans with immature and
mature fruits; and, A. bicolor with mature buds and flowers.

Atlantic coast

-Chagres: This section of the coast is situated in the western part of the Atlantic study area
(Map N° 23). It is partly influenced by the activities and port facilities of the Atlantic
entrance to the Panama Canal. There are five areas of mangrove forests in this section,
notably Rio Chagres, Punta Toro, Rfo Aguadulce, Rfo Petitpie and Quebrada Morito (Map
N° 125). The country-side surrounding these mangroves is generally hilly and densely
vegetated in natural rainforest. Rainfall, tidal range and wind conditions are similar to those
shown in Map N° 24.

There are no major stands in this section. The mouth of the Chagres has few mangroves,
possibly because of the step terrain and the high freshwater flow. One association of species
with Acrosticum and Pachira aquatica trees needs further investigation. They consisted of
a broken canopy of Pachira trees, around 8-10 m tall, with a dense thicket of Acrostichum
underneath, around 2 m tall. These characteristic stands border the river banks downstream.
The stands along the exposed coastal margin to Punta Toro are mostly scrubby thickets
tucked behind rocky outcrops and reef flats.

Five mangrove species were observed in this section. All taxa are listed in Table N° 206,
along with their presence at seven sites around the coastline. There were no situations where
consideration of upstream ranges were appropriate. The diversity was greatest in the small
Rio Petitpie in the south-west comer of Bahfa Limén. Here was found one of the few
occurrences of Pelliciera on the Atlantic coastline. This was the white form. Generally,
most stands are dominated by Rhizophora mangle. And, unlike the Pacific coast these trees
fringe the lower intertidal zone. Heights vary, but in exposed coastal sites like those near
Punta Toro, these were between 2-3 m and reaching 8-10 m behind. In the protected areas
of the smaller rivers, Rhizophoras were notably between 10-12 m tall. Laguncularia trees
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were present also in most locations, including exposed and sheltered sites, they were mostly
behind Rhizophora. Avicennia was uncommon, and Pelliciera was moreso.

-Colén: This section of the coast is situated in the central part of the Atlantic study area
(Map N° 23). It is dominated by the activities and port facilities of the Atlantic entrance to
the Panama Canal. There are seven areas of mangrove forests in this section, notably Rfo
Folk, Cristobdl - French Canal, Telfers Island, Rio Aguaclaro, Gatin - Fort Davis, The
Basin - French Canal, and Bahfa Limén east (Map N° 126). The country-side surrounding
these mangroves is generally flat and there are many areas of filled and reclaimed mangrove
forests. These have been built on as part of the Canal operations, but also for the Port of
Cristobdl and the city of Col6n. Rainfall, tidal range and wind conditions are those shown
in Map N° 24.

This estuary extends to around 6 km upstream from Bahfa Limén, to both the locks near
Gatin and along the old French Canal to The Basin. The biggest stand of mangroves were
found on Telfers Island (~ 208 ha), and includes filled sections of the old French Canal.

Six mangrove species were observed in this system. One species, Nypa fruticans, the
mangrove palm was apparently introduced from the eastern hemisphere (Duke 1991). All
taxa are listed in Table N°® 207, along with their presence at five sites upstream in the
Canal. Note that ranges of distribution in this system are relatively mixed, although
Avicennia germinans was not found in the upstream parts. It was generally uncommon.
Rhizophora mangle and Laguncularia racemosa dominated most sites. The trees were
generally straight and erect, with heights around 30 m in areas like The Basin, and up to
35 m in the Rfo Aguaclaro.

During the survey, the stream flow was minimal freshwater outflow in this large estuary.
This was reflected in the upstream record of salinities (Table N° 207) and temperatures
(mean of 28.9 °C). The Rio Aguaclaro apparently had greater freshwater flow.

There were also large mangrove areas (~25 ha) destroyed after the photos were taken in
1990, along the north-east margin of the Rfo Folk estuary. This area was being converted
to commercial and business facilities. There are recent reports that the destruction of large
areas of mangrove forests continues in this area, notably toward the airport at Frances Field

(Map N° 127).

-Bahia Las Mipas: This section of the coast is situated in the eastern part of the Atlantic
study area (Map N° 23). It is dominated by Bahia Las Minas (BLM) which is a large
northward-facing bay, around five kilometres across the mouth. The margin of the bay is
convoluted, and densely fringed with mangrove forests growing in a variety of habitats from
exposed coastal sites behind reef flats, to those bordering tidal channels, and those further
upstream alongside freshwater dominated estuarine reaches. Parts of these forests have been
altered and removed with some urban development, a port, a refinery and a power plant
(notably around Isla Payardi), but apart from this, their chief use includes fishing,
scavenging and cutting of mangrove saplings at a subsistence level by local fishermen.
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(3.3) Marine Grass

Table N 213 lists the names and locations of all large seagrass beds located during this survey
of the Panama Canal alternatives area. Bottom cover characterizations (Table N° 214), as
percentages of the study site areas, show what types of plants, sessile animals, and non-living
substrata were seen at each site. Other seagrass beds, that were studied during a 3-year oil spill
effects study (Marshall gt a]., in review) were revisited. Profiles from the additional sites are
also included in this report. Profiles from all of the surveyed seagrass beds are shown in
Figures N° 109 to 118. Labeled aerial photographs (Aerial photographs N° 35 to 48) show the
locations of seagrass beds that were not profiled but which were examined. These photographs
show the major seagrass species that were observed at each site. Reef flat seagrass beds such
as those at Punta Brujas (Figure N° 112 and Aerial photograph 46) consisted of very short
bladed beds of Thalassia mixed with algae on a substratum of rocky rubble.

The profiles show that each seagrass bed, with the exception of Punta Brujas’ seagrass bed
(Figure 43), have a characteristic form. The first and the last profiles at each site slope steeply
into deeper water. In most cases the mid-area profiles have a more gentle slope. The Punta
Brujas seagrass bed is located on a reef flat area behind an extensive barrier of living coral and
reef rock. Seagrass growth at Punta Brujas is limited to the protected area within this otherwise
exposed location. The coral and rock seaward barrier protect this shallow seagrass bed from
ocean waves. Seagrasses at this site were patchily distributed and grew into a bed of rocky
rubble.

All of the other sites in this set of figures are located in small shallow bays in Bahia Las Minas
or within coves in Bahia Limon (Figure N° 116). The seagrass bed form is determined, in each
of these cases, by the shape of the shallow bay or cove. Currents flowing along the seaward-
most border of each seagrass bed have apparently dug channels that are too deep for seagrass
penetration. These channel walls are often colonized by corals. At some sites the corals form
a seaward barrier which protects seagrasses during the annual periods of large surf that are
characteristic of this coast. The maximum penetration depth of the seagrass Thalassia
testudinum is shown in each figure (Figure N° 109 to 118).

Thalassia reached its greatest depth in Bahia Limon (Figure N° 116). It reached similar depths
at Pena Guapa (Figure N° 109). Densities of Thalassia, Syringodium filiforme, Halodule
wrightii, and algae varied from site to site (Table N°® 213). H. wrigthii was typically found in
very shallow water adjacent to shorelines or on tidally exposed sand bars. T. testudinum, by far
the most abundant seagrass, covers most shallow bottoms in areas where water clarity is
adequate. S. filiforme was usually mixed with T. testudinum along the deeper edges of grassbeds
or it occurred in monospecific seagrass stands at depths past of the point of penetration of T.
testudinum. A fourth seagrass species, Halophila decipiens was found mixed in with dense beds
of algae along the deep fringes of seagrass beds.

Table N° 215 reports the densities of seagrass shoots that were observed at the profiled sites.

Seagrass mean densities were greatest for Thalassia at the northwest comer of Isla Largo Remo.
Syringodium was most abundant at Pena Guapa. It occurred at 4 of 8 sites while Thalassia was
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increase in depth penetration of seagrasses seen within Bahia Limon is due to the protection
provided to the tropical forests along the route of the Panama Canal.

Despite the fact that seagrass total acreages are relatively small within the study area the
ecological importance of the grasses should not be overlooked. Seagrasses provide juvenile and
adult habitat for many species as demonstrated by the numerous fish species collected in this
study. Abundant populations of invertebrates are described (Marshall gt al. in review, Heck
1979) from collections made in a partial subset of the listing of seagrass beds shown in Table
52. The loss of any significant part of the seagrass community on this coast may result in
decreased stocks of the fishes that are commonly eaten by local inhabitants.

It is also well known (Clark 1977) that seagrass beds decrease current flow rates and thereby
increase sediment deposition. The roots and rhizomes of seagrasses work together to anchor fine
sediments that would otherwise be washed away. The death of intertidal seagrasses following
the 1986 Bahia Las Minas oil spill resulted in the complete erosion and resuspension of fine
sediments from several shallow rocky platforms (Caldwell & Steger, in review). After the
seagrass plants died their roots and rhizomes rotted. At present a bare rocky platform exists
where shallow beds of seagrass existed before the spill.

Any decrease in seagrass acreage within the study area would result in sediment resuspension
and create additional problems for the remaining seagrasses, algae, and coral populations. It
might be possible to use canal derived dredge spoils to create additonal shallow banks, within
Bahia Limon, where seagrasses could grow. The banks should, as indicated by the results of
this study, not exceed 2 m in depth. Sediment characteristics (type and grain size) also need to
be considered prior to creating seagrass habitat. Seagrasses could then be planted across the
bank tops in order to speed up revegetation rates. The overall effect of this effort would benefit
the canal builders by stabilizing banks of dredge spoil and it would benefit local fishermen by
providing increased nursery grounds for many commercially important fish species. Seagrass
sediment requirements and planting techniques have been established for some species but the
success of seagrass bed creation and replantings has been sporadic (Lewis, 1987).

(4) Benthos

Results of the counting of benthic organisms were expressed in terms of mean abundance per
square meter (org./m’) (Tables N° 218 to 227). A total of 3,388 benthic organisms were found
(using a 1.00 mm mesh size) of a total of 210 replicates (21.0 m® of total sediment). From the
total of organisms found 55 % corresponded to the 6 Caribbean stations (1,855 organisms). A
total of 171 species or taxa of benthic organisms were found in five cruises. However, a few
incidental species were collected in benthic samples, and among these: two truly planktonic
hydromedusae, two Sagirza sp., an hemichordate larvae, and a carangid fish larvae. Although,
these only accounted for less than 1% of the taxa here reported. From the identification of the
benthic community two new species were found in the Caribbean: a Cyathura isopod (Dr. T.
Bowman USNHM, com. pers.) and a Stylopoma bryozoan (Dr. J.C.B. Jackson STRI, pers.
com.). For the Pacific study area 19 taxa were added to the existing records of benthic species
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On the whole, including the data from this inventory, 298 benthic taxa are reported for the
Isthmus of Panama (172 in the Pacific, and 126 in the Caribbean). Among these, only 60%
have been identified to species (114 in the Pacific, and 64 in the Caribbean). This Biological
Inventory have added to the species list 62 taxa in the Pacific and 42 taxa in the Caribbean. |
Only 5 identical species have been found both for the Pacific and the Caribbean (1 polychaeta,
2 crustaceans, and two sipunculids). However, some 21 sibling species are within the study
area, 10 of these species are mollusks, 10 crustaceans, and 1 echinoderm.

(5) Meroplankton

The general information on the meroplankton collections is presented in Tables N° 230 to 234.
The data on the abundance of the fish’s eggs is presented in Tables N° 235 to 239. The highest
abundance was observed in samples from November 1992 collected at stations MM-02 (Pacific)
and MM-08 in the Caribbean, both of these sites located near the entrances to the Panama Canal.
The eggs from clupeid and engraulid fish were the most abundant among the commercially
important species, specially at station MM-02 (3,503 and 2,861 eggs/100m’ respectively). A
high number of fish eggs from other taxa were counted in samples from station MM-06 (21,016
eggs/100m®). In the Caribbean, the highest abundance was recorded at station MM-08, where
engraulid fish eggs were predominant (17,560 eggs/ 100m’), followed by clupeid fish eggs (9,091
eggs/100m®). This station also showed a high number of fish eggs from other taxa (4,007
eggs/100m®). The high abundance of fish eggs during November 1992, particularly at stations
MM-02 and MM-08, seem to be related to the low salinity in these areas as a consequence of
the discharge of freshwater from the operation of the Canal locks (27.2 o/0o in the Pacific and
27.8 0/00 in the Caribbean side). According to Simpson (1959) an engraulid fish, the anchoveta
Cetengraulis mysticetus, spawns in low salinity areas close to the Pacific entrance to the Canal.
D’Croz & Kwiecinski (1980) reported the anchoveta to intensively spawn in the coastal area near
the mouth of River Juan Diaz.

The eggs from this spawning are dispersed into deeper areas by the tides and the ocean currents.
The results from this Biological Inventory indicates that the maximum peak in the spawning of
the anchoveta took place in November 1992, which is in complete agreement with previous
reports from Howard & Landa (1958). Similarly, the highest intensity in the fish spawning in
the Caribbean also occurred during the end of year. Some other studies in the Caribbean Sea
(Venezuela) have reported this same pattern (Lopez 1972). But despite this well defined peak
in the fish eggs abundance, there was evidence that some fair abundance of fish eggs occurred
throughout the year, which indicates that there is some spawning activity all year round.

The stage of development of the fish eggs during this study is reported in Tables N° 240 to 244.
Both for the Pacific and the Caribbean, the middle stage eggs from engraulid and clupeid fish
were the most common in the meroplankton samples. Early and late stages eggs from these fish
were very rare, although some from other taxa were observed among the samples.

The larvae of marine invertebrates collected during this inventory are presented in Tables N°

245 to 254. The crustacean Zoea larvae was the most common in the samples, specially at
station MM-02 (Pacific) and MM-08 (Caribbean) where the highest density (45,793
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(6) Fishes and Macroinvertebrates

(6.1) Eish

- The work "The Marine Fishes of Panama" by Meek & Hildebrand (1923, 1925, 1928) has been
traditionally the most important on the panamanian marine ichthyofauna and because of the
geographic position of the Isthmus of Panama its influence extends beyond this country. This
outstanding work was based on samplings from both coasts of Panama carried out in 1911 and
1912, as well as other species reported for Panama by several taxonomists that made collections
inPanama.Asaconsequenceofﬂxegeogmphicposiﬁonof?ananm,somefactsneedtobe
mention: first, the Atlantic coast of Panama is part of the Caribbean and therefore most of the
species found along this coast are typically Caribbean; secondly, Panama is the northernmost and
southernmost distribution species of marine fish from North-America and South-America,
respectively, turning the isthmus into a point of convergence of species from both hemispheres.

The fishes of the Pacific of Panama belong to the biogeographic region known as the Panamic
Province, which extends from the Gulf of California to Ecuador. This biogeographic province
features a high diversity of species and it is the second richest in fish species after the Indo-
Pacific, to whom share some species (Amezcua Linares 1985). On the other hand, the
Caribbean fish belong to the-West Indies Province that extends from Florida to Brazil.

The parallelism between the fishes on both coasts of the isthmus has been under discussion by
many authors. In general, most of them agree with the existence of a connection between both
oceans after which it closed some 3.5 millions years ago (Coates et al. 1992) leading into the
species differentiation in both oceans. For instance, from the 72 species reported as common
for both oceans by Meek & Hildebrand only 24 identical species were collected in both oceans
and the remaining 48 species are cosmopolitan in their distribution. Subsequent studies reduced
the number of shared s