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the effects of herbivores on vegetation 
(3). Noticeably absent is the situation 
in which there has been sufficient quali- 
tative or quantitative information con- 
cerning the preceding conditions of the 
ecosystem to permit a quantitative state- 
ment about changes resulting from the 
species introduction. Even in the field 
of biological control, where serious 
studies of this nature have been con- 
tinuing for more than seven decades, 
accurate predictions of the effects of a 
new species on a given ecosystem are, 
even at the most basic level, not yet 
possible (4). 

Historically, fish introduction (or cul- 
ture) has provided a rich source of 
protein in many tropical areas. Intro- 
ductions, however, are not without a 
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potential ecological cost. As many gov- 
ernments in the tropics turn increasing- 
ly to freshwater fish as a source of ani- 
mal protein, it seems important to be 
able to predict the long-term conse- 
quences of altering natural freshwater 
ecosystems. Further, if data on intro- 
ductions of fish to tropical lakes were 
available, they would be valuable to the 
development of a general theory of 
freshwater community structure and or- 
ganizationo 

For at least three centuries before 
1958, Lake Atitlan, a large, tropical, 
and surely one of the world's most 
beautiful lakes, had sustained fisheries 
for small native fishes, probably Poe- 

cilia sphenops and Cichlasoma nigro- 
fasciatum, as well as a substantial crab- 
catching operation (5)e The fish, which 
were smoke-cured, consumed, and, if 
there were any excess, sold in the mar- 
ket, and crabs (Potaimocarcinus guate- 
malensis) provided the native Guate- 
malan Indian population with an im- 
portant source of protein as well as a 
small extra cash income. In 1958, 
through the efforts of a well-meaning 
fish biologist, the game fish Micropterus 
salmoides, the largemouth bass, was in- 

troduced, along with Pomoxis nigro- 
maculatus, the black crappie. Microp- 
terus fed voraciously on the small native 
fishes, and the result, a totally unex- 

pected one, is that now, some 15 years 
after the introduction, the local fish 
populations, along with the crabs, are 
gone, both decimated by Micropterus. 
The few large Micropterus in the lake 
are taken only by those individuals 
fortunate enough to own skin-diving 
equipment (and they do not include the 
local Indians). Gone is an accessible 
and, in this region of the world, critical 
source of protein, as well as the extra 
income once generated by the local fish 
populations. Clearly the ecological cost 
of this species introduction was great 
and the benefit slighto 

History of Cichla 

Fig. 1. Cichla ocellaris (Bloch and Schneider), showing ocellus (eyespot) at base of 
caudal peduncle [from Sterba (11), probably 1 year old, 24 to 32 cm TL]. 

Chagres 
River 

ioles 

Gamboa 

5 km 
-I.., , I. 

Fig. 2. Map of Chagres River and Gatun Lake, showing estimated extent of Cichia 
population by August of each year, 1969 through 1972. The extensive shoreline de- 
velopment is emitted from map outline. Cichla was first introduced in the upper 
Chagres (arrow), spread toward Barro Colorado Island (BCI), and, as of 1972, has 
not yet spread throughout the Trinidad Anno 
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In 1967, Cichlia ocellaris (Bloch and 
Schneider) (6), a cichlid fish native to 
the Amazon River and its tributaries 
in northern South America, was intro- 
duced to Gatun Lake, a large (surface 
area of 42,315 hectares) body of fresh 
water in the Panama Canal Zone (7). 
This piscivore, bright yellow with black 
vertical bars, derives its pseudonym of 
"Peacock Bass" from its bass-like shape 
and, specifically, from the conspicuous 
ocellus (eyespot), black encircled by a 
gold ring, located at the base of the 
caudal peduncle (Fig. 1). Cichla, which 
commonly reaches 2 kilograms in 
weight and 50 centimeters TL (total 
length, from tip of snout to end of 
caudal fin) was thought to have been 
introduced as a boon to sportsmen be- 
cause it has a reputation as a fine fight- 
er, as well as being delicious (8). Ow- 
ing to the success and popularity of this 
fish, a number of local residents have 
each taken credit for the "first intro- 
duction" of Cichla. In fact, in 1965, a 
local businessman, with the cooperation 
of the Panamanian government, ar- 
ranged the transfer of approximately 
100 fingerlings from rearing tanks in 
Buga, Colombia, to Panama. These 
fingerlings were put into a small im- 

poundment with the hope of their 
eventually providing fish and fishing for 
the employees of his company and the 
residents of the neighboring community 
as well. During the rainy season, the 
waters of this impoundment, formed 
by damming the Quebrada Ancha 

creek, overflow and eventually reach 
the Rio Gatuncillo, a small tributary at 
the northern end of the Chagres River 

(Fig. 2). It is probable that by late 
1966, during the rainy season, some of 
these fish entered this small tributary 
and spawned and that by 1967 Cichla 
had traveled the approximately 8 kilom- 
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eters to the Chagres River itself. Since 
its initial introduction, Cichia has been 
casually introduced, often successfully, 
in rivers and ponds al over the isthmus, 
there being, no apparent or effective 
controls or regulations in Panama and 
the U.S. Canal Zone regarding intro- 
ductions of new species. 

So far, Cichla completely lived 
up to all expectations; its capture has 
provided entertainment for fishermen, 
and its taste has pleased many palates. 
Further, it is the only freshwater fish 
sold for consumption in this area. How- 
ever, in a situation reminiscent of that 
in Lake Atitlan, one unforeseen effect 
of this introduction has been dramatic 
changes in the biotic community of 
Gatun Lake, with repercussions that 
have affected the entire lake ecosystem. 
We had been conducting investigations 
of this ecosystem for several years be- 
fore the advent of Cichia, and this ar- 
ticle documents qualitative and quanti- 
tative changes caused by the introduc- 
tion of this single, piscine predator, 
whose actions have affected populations 
from the tertiary consumers down to 
the primary consumers and, in all prob- 
ability, the primary producers as well 
(9). 

1971. Cichia appeared idt our saipling 
areas around Barro Colorado Island 
(BCI in Figc 2), and spread toward 
Gatun, at the northernmost end of the 
take (12). At the present time, the fish 
population is spreading to the last re- 
maining unexploited area of the lake, 
the Trinidad, or Southwest, Arm. 

The fish have not diffused haphaz- 
ardly throughout the lake, but have 
moved as a wave, with a leading edge 
composed of subadults, in such a way 
that the dynamics of the Cichia pop- 
ulations at the edge are significantly 
different fron those in the rear. The 
total fish community is still a long way 
from equilibrium. 

There are only two main processes 
slowing the spread of Cichia throughout 
Gatun Lake. First, although there do 
not seem to be any natural predators 
making a significant dent in the popula- 
tion, man's fishing is very intensive and, 
especially in recent years, has certainly 
contributed toward reducing the rate at 
which Cichla spread through the lake. 
Second, the species itself is very terri- 
torial during the breeding season, both 
parents remaining with the schools of 
fry for probably 60 days or more, and 
each Cichia pair probably breeds for a 
considerable portion of each year and 

probably reinains i the same vicinity 
during breeding activities. Thus immi- 
grants to previously unexploited habih 
tats will probably be immature, thereby 
introducing :a reproductive lag into the 
rate of population expansion. 

Effect on Native Fishes 

As Cichla has spread through the 
lake, its voracious predatory habits have 
had a devastating effect on the native 
fisl populations. One can see the re- 
sults by comparing lish census data 
taken before the introduction of Cichla 
with those taken after the population 
had moved through an area, In our 
sampling areas, located around Barro 
Colorado Island, the more common di- 
urnal fishes found abundantly in pre- 
vious years included the species listed 
in Table 1, The values in Table 1, ob- 
tained from field observations over the 
past 6 years, illustrate how Cichia has 
effectively eliminated six of the eight 
previously common fish species and 
drastically reduced a seventh. 

During the summer of 1972, we at- 
tempted to substantiate further the dif- 
ferences in the structures of the fish 
communities. We made two complete 

Spread of Cichla 

Cichla is a strictly piscivorous preda- 
tor inhabiting the Amazon River sys- 
tem (10, 11). Since its natural habitat 
is a river, the initial introduction in 
Panama to the Chagres River was for- 
tuitous. In this habitat, the Cichla pop- 
ulation, feeding voraciously on the 
abundant, smaller native fishes along 
the river banks, increased rapidly in 
numbers. By early 1970, probably 2 
years after the initial introduction, 
Cichla had traveled down the Chagres 
River, and catches were reported in 
the area near Gamboa (Fig. 2), where 
the river enters Gatun Lake's eastern 
boundary. The Cichla population, ap- 
parently ineffectively opposed by any 
natural competitors or predators, had 
increased to the point where it was 
not uncommon to find sportsmen on 
any given weekend who had caught 
30 or more Cichla, with an average SL 
(standard length, from tip of snout to 
end of vertebral column) of 30 cm. 
By June 1970, Cichla were sighted near 
the small village of Frijoles, apparently 
having traveled along the eastern side 
of the lake. No significant progress of 
the population was noted for the fol- 
lowing 7 months, but in the spring of 
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Table 1. Diurnal Barro Colorado Island fish species with 
Cichla appearance. 

percentage change following 

Change 
Family Species Increase Decrease 

(%) (%) 
Atherinidae Melaniris chagresi 50 
Characinidae Astyanax ruberrimus 100 

Roeboides guatemalensis 90 
Cichlidae Aequidens coeruleopunctatus 100 

Cichla ocellaris 100 
Cichlasoma maculicauda 50 

Eleotridae Gobiomorus dormitor 90 
Poeciliidae Gambusia nicaraguagensis 100 

Poecilia mexicana 100 

Table 2. 1972 fish collections contrasting a non-Cichla site in the Trinidad Arm region with 
a Cichla site near the shores of Barro Colorado Island. 

Family Species NoCih Cichla 
No. No. 

Atherinidae Melaniris chagresi (23) 200 0 
Characinidae Astyanax ruberrimus 160 0 

Compsura gorgonae 120 0 
Hoplias microlepis (24) 0 1 
Hyphessobrycon panamensis 2 0 
Pseudocheirodon affinis 7 0 
Roeboides guatemalensis 195 21 

Cichlidae Aequidens coeruleopunctatus 10 0 
Cichla ocellaris 0 14 
Cichlasoma maculicauda 7 36 
Neetroplus panamensis 4 0 

Eleotridae Eleotris pisonis 4 99 
Gobiomorus dormitor 42 10 

Poeciliidae Gambusia nicaraguagensis 22 0 
Poecilia mexicana 17 2 

Other (25) 0 1 
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tish collections comparing the Trinidad 
Arm, where Cichla has not yet invaded, 
and where the fish community repre- 
sents the pre-Cichla conditions, with 
Barro Colorado Island, where the Cich- 
la population has recently peaked (Ta- 
ble 2). In the Trinidad Arm region, the 
site we chose was relatively shallow 
(:- 5 meters), with dense vegetation, 
mainly Hydrilla sp., lining the shore. 
At this site, we made a large semicircle 
(30 m by 5 m) with a 1.27-cm mesh 

nylon net. Thie net was attached to the 
shore, with the ends 10 n apart, to 
form the letter "D." The second site, 
along the shores of Barro Colorado Is- 
land, was a comparable cove, depth :- 5 
m, with the same species of dense vege- 
tation lining the banks and choking 
much of the waters. A 30 m by 5 m 

nylon net closed off the mouth of the 
cove, leaving an area approximately 30 
m by 25 m. The results are presented 
in Table 2. The Barro Colorado Island 
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Fig. 3. Generalized food webs of common Gatun Lake populations, contrasting pre- 
Cichia (or present non-Cichla) regions (top) with Cichia regions (bottom). Thick 
arrows indicate that food item is of major importance to predator or herbivore, thin 
arrows indicate minor importance. Key to species: (A) Tarpon atlanticus; (B) 
Chlidonias niger; (C) several species of herons and kingfishers; (D) Gobiomorus 
dormitor, (E) Melaniris chagresi; (F) characinidae, including four common species; 
(G) poeciliidae, including two common species-one exclusively herbivorous, Poe- 
cilia mexicana, and one exclusively insectivorous, Gambusia nicaraguagensis; (H) 
Cichlasoma maculicauda; (I) zooplankton; (J) terrestrial insects; (K) nannophyto- 
plankton; (L) filamentous green algae; (M) adult Cichla ocellaris; (N) young Cichla. 
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site had a total surface area, volume, 
and shoreline several times that of the 
Trinidad Arm site. A census of the 
fishes at each site had been taken pre- 
viously by direct observation. 

The Trinidad Arm community is 
composed of 14 fish species, 11 of 
which, in terms of their percentage of 
the biomass, contribute significantly, 
These are the genera Melaniris, Asty- 
anax, Compsura, Pseudocheirodon, 
Roeboides, Aequidens, Cichlasoma, 
Neetroplus, Gobiomorus, Gainbusia, 
and Poecilia. In contrast, the Barro 
Colorado Island site shows seven fish 

species present, but dominated heavily, 
in terms of percentage of biomass, by 
Cichla and Cichlasoina, This compari- 
son indicates (excluding Hoplias) that, 
of the 11 previously important species, 
Cichla has completely eliminated seven 
and has reduced three others. One, 
Cichlasoma, has apparently increased. 
[The increase in Cichlasomna is probably 
due to the elimination by Cichla of 

species that formerly fed on the Cich-, 
lasoma fry, thereby seriously limiting 
the population. Eleotris, although abun- 
dant numerically, is a very small spe- 
cies, most of those we found being < 2 
cm SL. The role of this fish in the lake 
is not understood and is omitted from 
further discussion, although it seems 
that Cichla's presence is resulting in an 
increase of this smaller species. The 

presence of a substantial number of 
Roeboides came as a surprise because 
this species was never seen during our 
numerous diving activities. Roeboides 

primarily feeds by ingesting scales of 
other fishes (13) and apparently has 
survived Cichla by remaining in the 
midst of the dense aquatic foilage where 
it must await other fishes darting in for 
cover.] The results from these fish col- 
lections basically support the generaliza- 
tions we made after several years of 
observing the associations of Cichla 
with the native fish communities. 

Cichla's Effect on the Food Web 

Cichla predation affects most directly 
the secondary consumers, and these 

changes are most easily observed. How- 

ever, these secondary consumers are re- 
lated to and dependent upon other lake 

populations, and thus any change in 
the population of prey fishes must re- 
sult in second- and third-order effects 
throughout other trophic levels. Figure 
3 presents a generalized view of the 

trophic structure of Gatun Lake, based 
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on information from stomach analyses 
and direct observations. 

The top of Fig. 3 represents the pre- 
Cichla, or non-Cichla, community, and 
the bottom, the community when the 
Cichla population is at its numerical 
maximum. The arrows indicate whether 
a food species makes up a major (thick 
arrow) or minor (thin arrow) propor- 
tion of its consumer's diet. 

Melaniris chagresi is a key species in 
the lake food web (14), with three 
higher-level species feeding heavily on 
it. Schools of young Melaniris are com- 
monly found up to 100 m from shore 
and so are at least partially protected 
from Cichla predation, which is con- 
fined to the shore regions. However, 
schools of older Melaniris concentrate 
along the shore while feeding and 
breeding, and thus predation falls most 
heavily on these larger, more mature 
individuals. Adult Melaniris are com- 
monly recovered from Cichla stomachs. 
Figure 4 depicts the changes in the 
Melaniris population, derived by com- 
paring the period before Cichla were 
present with the period afterward. The 
pre-Cichla data were collected during 
a 14-month, consecutive period (Janu- 
ary 1969 to February 1970), and the 
Cichla data were collected from July 
to August 1971 and from June to Sep- 
tember 1972. Figure 4A presents the 
numbers of Melaniris adults that passed 
the Dock Sampling Station (off Barro 
Colorado Island) in the daytime. The 
numbers were obtained by direct ob- 
servation, which is easily done with 
these fish because they swim as a school 
near the surface of the water and can 
be counted easily. Figure 4A shows 
a greater than 90 percent reduction in 
Melaniris adults in 1971 and 1972; Fig. 
4B gives pre-Cichla and Cichla data 
with regard to the total number of 
young Melaniris. Each data point rep- 
resents the mean number of Melaniris 
from nighttime net tows taken over a 
100-m towing tract at the Buoy Sam- 
pling Station (off Barro Colorado Is- 
land); there were between one and six 
tows per sample date. These samples 
give an accurate population estimate of 
young Melaniris. Both A and B of 
Fig. 4 indicate the marked decrease 
in the Melaniris population after the 
appearance of Cichla. The reduction of 
young is caused by the reduction in 
adults, rather than by direct predation 
by Cichla. If we had long-term quanti- 
tative data for other fish species, we 
would expect to see a similar decrease 
in population. 
2 NOVEMBER 1973 

Second-Order Effects-Zooplankton 

Young Melaniris feed almost exclu- 
sively on zooplankton throughout the 
year. The predation pressures that these 
fish exert determine the composition 
and distribution of the zooplankton spe- 
cies, as has been demonstrated for 
Ceriodaphnia cornuta (Sars) (15). This 
species consists of two morphologically 
distinct forms: one possesses "horns," 
pointed extensions of the exoskeleton 
on the head, fornix, and tail region; the 
other does not have these specialized 
structures. Unhorned Ceriodaphnia pos- 
sess a reproductive advantage over their 
horned relatives and predominate in all 
lake areas where the two Ceriodaphnia 
forms coexist in the absence of preda- 
tion. However, Melaniris shows a great- 
er electivity for the unhorned forms, 
and in those regions of Gatun Lake 
where this planktivore occurs, differen- 
tial predation results in both Cerio- 
daphnia forms occurring in more equal 
numbers. We predicted, therefore, that, 
if the Melaniris population decreased, 
the percentage of horned Ceriodaphnia 
would also. 

Figure 4C presents seasonal data 
on the percentage of horned Ceriodaph- 
nia at the Buoy Sampling Station, where 
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Fig. 4. Population changes in (A) adult 
Melaniris chagresi from Dock Sampling 
Station; (B) young Melaniris chagresi from 
Buoy Sampling Station; and (C) horned 
morphs of Ceriodaph,nia cornuta from 
Buoy Sampling Station, contrasting pre- 
Cichla years with Cichla years in the Bar- 
ro Colorado Island region. Pre-Cichla 
years: 1967 (C); 1968 (0); 1969 (*); 
1970 (0); Cichla years: 1971 (A); 1972 
(A). 

the numbers of young Melaniris are 
known (Fig. 4B). The values for 1971 
and 1972 include the lowest ever re- 
corded from this station, indicating an 
almost complete absence of Melaniris 
predation. 

Second-Order Effects-Vertebrates 

In Gatun Lake there are several pop- 
ulations of tertiary consumers that are 
primarily dependent on Melaniris as 
their food source. Atlantic tarpon, 
Tarpon atlanticus, are present in the 
Panama region from late spring until 
early fall; in fact, some of the world 
tarpon catch records come from this 
area. Some tarpon regularly enter 
Gatun Lake by way of the Panama 
Canal locks, and, once within the lake, 
they pursue and feed on the numerous 
schools of Melaniris. Immature Chli- 
donias niger, the common black tern, 
that remain near Gatun Lake during 
the winter perch on the tree stumps 
and channel markers of the lake in 
flocks often numbering over 150. These 
terns follow the tarpon chasing the 
Melaniris schools. Those Melaniris 
which leap from the water in a final 
attempt to escape the tarpon are seized 
and eaten by the hovering terns, while 
many others are taken from below by 
the tarpon. It is rather difficult to 
monitor the seasonal populations of 
these two tertiary-consumer populations 
because of their mobility, and our data 
come from direct observations. Tarpon 
and terns are normally seen around the 
waters of Barro Colorado Island al- 
most every day during the months of 
May through October. However, dur- 
ing the summer months of 1971 and 
early summer 1972, these two popula- 
tions were not seen in the region. Dur- 
ing this same period of absence from 
the Barro Colorado Island region, the 
tarpon and terns were commonly seen 
in the non-Cichla areas of the lake. 
This same trend appears to be true for 
such fishing birds as kingfishers and 
herons, which feed on small fishes (16) 
and which have become much less 
common in the Cichla regions of Gatun 
Lake. 

Second-Order Effects-Insects 

Many of the prey fishes fed pri- 
marily on insects, including the most 
common fishes, such as the characins 
Astyanax and Roeboides (17), adult 
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Melaniris (14), and Gambusia (18) 
With the absence of these species, one 
would expect some change in the local 
insect populations. However, measur- 
ing changes in insect populations for 
the Gatun Lake area would be, at 
best, a very tenuous prospect, even if 
there were good records, which there 
are not. The only data that were col- 
lected consistently and that date from 
the period before the introduction of 
Cichla concern mosquitoes. Mosquito 
abundance is a matter of concern be- 
cause malaria was once a serious prob- 
lem in the Panama region. 

At the present time, the Division of 
Sanitation of the Panama Canal Com- 

pany keeps a constant vigil in the form 
of a weekly "mosquito index," which 
consists primarily of the genera 
Anopheles, Culex, and Mansonia. Since 
the two areas of mosquito light traps 
used to obtain the mosquito index are 
located in the two major Canal Zone 
cities, Balboa and Cristobal (at op- 
posite ends of the canal), and since 
the organophosphate Baytex is used 

regularly there to control the mosquito 
populations, data from these areas are 
of little value for our study. However, 
there are some records from Gamboa, 
a small town on the Chagres River close 
to the area where the river enters 
Gatun Lake and near the region where 
Cichla was flourishing by 1969. Mos- 

quito control in Gamboa is only partial, 
primarily local applications of 5 percent 
DDT in kerosene. The average mos- 

quito take in the light traps reaches 
more than three orders of magnitude 
greater than that of Balboa and Cristo- 
bal. The mosquito data at the Gamboa 
station were first collected in 1968 

(pre-Cichla) and have been continued 
since that time. The monthly averages 
for 1968 to 1971 are plotted in Fig. 5. 
They show that the total mosquito 
populations were at their lowest in 
1968 and that there was a dramatic 
increase in 1969, coinciding with the 

period when the Cichla population was, 
in all probability, peaking in the re- 
gion. This is followed by years of 
somewhat lower abundance, although 
still appreciably higher than the low of 
1968. Each monthly average in 1968, 
with one exception, is the lowest value 
for that respective month in the 4 

years during which data were collected. 
There has also been an interesting 

change in the type of malaria occur- 

ring in the Canal Zone. Until 1969, 
more than 95 percent of malaria vic- 
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Fig. 5. Monthly averages of total number 
of mosquitoes of the genera Anopheles, 
Culex, and Mansonia, from Gamboa 
Chagres River Jungle Edge Station, one 
light trap per night, four nights per week, 
contrasting pre-Cichla year with Cichla 
years. Pre-Cichla year: 1968 ( ). Cichla 
years: 1969 (0); 1970 (A); 1971 (A). 

tims carried Plasmodium vivax as the 
disease agent, while less than 5 percent 
carried P. falciparumE Starting in 1969, 
however, there was an abrupt change. 
Since then, 60 percent or more of the 
malaria victims have carried the P. 
falciparlum agent, and the most serious 
outbreaks (in 1971 at Las Cumbres, an 
artificial lake, and in 1972 at Escobal, 
located just at the narrow section be- 
fore the Trinidad Arm) have consisted 
primarily of P. falciparum cases. Both 
of these outbreaks, involving several 
hundred people, have occurred in areas 
near waters containing Cichla (19). 

We wish to reiterate that the preced- 
ing information must be taken very 
cautiously. There are other possible ex- 
planations for the apparent changes in 
mosquito abundance, the most likely 
being changes in aquatic vegetation or 
precipitation, the latter often a corre- 
late of mosquito abundance. However, 
whereas the mosquito population in- 
creased most sharply, and to its highest 
levels, in 1969, the rainfall data taken 
from Barro Colorado Island showed 
little annual change, going from 2238 
millimeters in 1968 to 2194 mm in 
1969. In 1970, when the rainfall in- 
creased approximately 1.5 times, to 
3226 mm, the total mosquito levels 
dropped. The rainfall for 1971 was 
2162 mm. These data suggest strongly 
that some factor other than rainfall was 
important in determining the mosquito 
population levels. 

Our present efforts are concerned 
with monitoring changes in the Gatun 
Lake populations, including such aspects 
as the predator and its population struc- 
ture, the rate of movement of the preda- 
tor population through the lake, al- 
terations in the prey communities as 
the predator spreads its influence, and 
the subsequent second- and third-order 
changes in the higher and lower trophic 
levels. Coupled with this long-term data- 
gathering are a series of field and 
laboratory experiments designed to 
elucidate such interactions among popu- 
lations as predator food preferences, 
prey removal rates, and the effects of 
prey escape on the rate of predator 
spread throughout the system. We are 
developing a heuristic model to describe 
the effects on a freshwater ecosystem of 
a newly introduced, top-level predator. 

There are also several areas con- 
cerning the basic ecological theory of 
freshwater systems that we hope to 
examine over the next few years. We 
present, therefore, several predictions 
that we will be directly testing in Gatun 
Lake. We base these predictions on the 
assumption of no further fish intro- 
ductions. 

1) The predatory nature of Cichla 
is having dramatic effects on the native 
populations of fish species. We predict 
that we will be able to determine, for 
any given locale in Gatun Lake, a co- 
efficient of predation pressure (namely, 
the magnitude and time element of the 
predation force) by simply examining 
the spectrum of the secondary-con- 
sumer populations and their relative 
numbers in that location. 

2) The habits of the chief plank- 
tivorous fish in Gatun Lake, Melaniris 
chagresi, confine its influence solely to 
those areas of the lake within 100 m 
of the shore. We predict that, as 
Cichla removes Melaniris from these 
shore-associated regions of the lake, 
there will be an increase in the total 

zooplankton density and also in the 
average body size of the largest species 
(22). Under these conditions, very 
small zooplankton species, including 
rotifers, would be expected to diminish 
in numbers as well. 

3) It has been suggested that, when 
planktivorous fish effect changes in the 
composition of the zooplankton com- 
munity, there are corresponding changes 
at the level of the primary producer 
as well and that this may be a primary 
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control of algae abundance (20). This 
result has taken place in small-scale 
laboratory experiments and also in ex- 
periments in large artificial ponds (21). 
Although there appear to be no gross 
chemical differences in the water of 
different areas of Gatun Lake (22), 
there does apear to be a lower phyto- 
plankton standing crop in those areas 
characterized by Cichla predation. We 
predict that we will find a continuance 
of this pattern-namely, that the species 
composition and abundance of phyto- 
plankton will be related directly to the 
coefficient of predation pressure. 

It appears that it is the magnitude 
and direction of predation, and preda- 
tion alone, which is now the overriding 
factor in determining the structure of 
populations in the Gatun Lake eco- 
system, from the tertiary consumers 
down to the primary producers, as 
long as the lake retains its nonequi- 
librium status. We expect that this in- 
fluence will subside as the lake eco- 
system returns to, or at least ap- 
proaches, some form of equilibrium. 

Summary 

Probably in early 1967, a piscivore 
from South America, Cichla ocellaris, 
was introduced to Gatun Lake in the 
Panama Canal Zone. As this predator 
population spread through the lake, the 
initial effect was dramatic reductions 
in almost all secondary consumers. 
These species reductions produced, in 
turn, second- and third-order changes 
at other trophic levels of the ecosystem. 
The resulting changes in the lake com- 
munity can be seen best by examining 
the general Gatun Lake food web. The 
decrease in numbers of the important 
planktivore Melaniris has resulted in 
changes within the zooplankton com- 
munity, as illustrated by the cladoceran 
Ceriodaphnia. The tertiary-consumer 
populations, such as tarpon, black 
terns, kingfishers, and herons, formerly 
dependent on small fishes for food, ap- 
pear less frequently in the Cichla areas 
of the lake. There has also been, possi- 
bly, a resurgence of the local mosquito 
populations (which are malaria vec- 
tors), caused by the reduction in the 
populations of insect-eating fishes. Even 

the primary producers may be affected 
by this introduction. Although at pres- 
ent the Gatun Lake ecosystem is un- 
dergoing rapid changes, we anticipate 
an eventual return to some form of 
equilibrium. However, it will be some 
time before we can evaluate the perma- 
nence or transience of the many 
changes produced in the trophic levels 
by the introduction of a single, top- 
level predator to this lake system. 
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