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TI!lT. objectives and philosophy of the medico-ecology sur-
vey of two proposed sea level canal routes in Panama and
Colombia are discussed elsewhere® It is appropriate 10 re-
state, however, that the survey methods described in this
paper were chosen in the face of a two-year time himitation
and a small budget. Table T shows, moreover, that the time
eventually spent on the canal routes Fell far shore of twao
vears, This paper will discuss the sources of information and
field collection techniques upon which subsequent papers
in this series are based.

Sources of Information

Existing Knowledge

There was little ::F':-F't:il—n" ]u:h]iﬁh:'d rmecdical information
concerning the actual canal routes or the land immediately
adjacent to them. A considerable amount of research had
been done, however, on reservoir-vector-pathogen  rela-
tiomships in areas of Panama and Colombia similar ecologi-
cally to the study arcas. There was also some information
available in reports of sickness and injury in workers in-
volved in construction of the Panama Clanal, In certain
instances, information contained in the literature proved
invaluable. This was especially true in the case of taxonomic
literature on animals of medical importance, and in the
many studies carried out in other parts of Panama and
Colombia on reservoirs and vectors of arthropod-borne
diseases, Most of this information has been published over
the years by the staffs of The Gorgas Memorial Laboratory
{GML) and The Middle America Research Unit (MARL
Since few attempts were made in the present study to in-
criminate vectors of disease by the isolation of pathogens
from arthropods, many conclusions in this area hinge on
information contained in the literature,

Studies of Disease in Humans

Human Sentmel Surcey. § Many of the individuals entering
the study areas for the purpose of participating in the sea
level canal feasibility studies had never before been to the
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tropics, let alone o Panamd or Colombia, In order to take
advantage of this situation, it was decided to obtain blood
samples of all study personnel before their initial wip to
the study area. Included in this survey were all individuals
not indigenous o the area and who were employed by the
Atlantic-Pacific  Interoceanic Study Clommission
(A-PICSC) or any of its contractors. Subsequently, all indi-
viduals were re-bled at about three-moanth intervals or at
the time of any febrile illness, In addition, stools were pr:]'i-
odically collected from study personnel at irregular inter-
vals, The handling and testing of these specimens will be
discussed in greater detail in a subsequent paper,
Daspensary Repuris of DHsease. Personnel working on the
routes received medical care from base camp dispensarics
or from first aid stations located in field camps.” In addition,
local individuals were provided emergency medical treat-
ment. Dispensary and first aid station records furnished
considerable information on disease occurring in the areas,
Mpecial Hurean Dosease Stuefees, AL various times during the

Canal

S!lu‘]'}', local human i’:H'IE:IJ]'dﬁU[I!\ were studied il:ﬂ'ltﬁj\'r‘h'.
This usually followed information received concerning large
numbers of disease cases in a particular village or concern-
ing a partcular problem, such as the discovery of chioro-
quinc-resistant falciparum malaria on the Pacific coast of
Colombia in 19671

Studies of Potential Vectors ond Reservoirs of Disease

I'he bulk of the medico-ccology information accumu
lated was obtained through the collection of vertebrate and
invertebrate animals from the canal routes. Most of
vertebrates collected consisted of small rodents: lesser nume-
]Jl‘.‘rﬁ ul’ |Tl'il'd!i. ﬂ:‘p[ilt‘s, amphibiarm anrl la'ir;.g:' rnammals were
collected. The principal invertebrates collected were arthro
pods: mosguitoes; sand flies; black Mies; horse and deer Hies;
ticks, mites, triatomid bugs and other miscellaneous ecto
parasites, The procedures used in making these collections
comprise the remainder of this paper.

||"|I:"

Field Collections
Areas of Collection

{.:‘Il"E‘.lfriIHIH wWenrs !I'H.i-'l.lil;'. HI'I.l.}" i[l i’]ﬂfi ﬂl'lr“!'td. a Ff"'n-‘r' ]IH."}:I-
tions on cach route. Collection arcas were chosen o be
geographically representative of the routes and to furnish
aceess to the major ecological associations present.” The
collecting areas are shown in Fig. 1 (Route 17) and Fig,
2 (Route 23). A brief description of each area follows (Areas
were numbered 1o facilitate machine data processing b:

Area [ (Santa Fé Camp, Route 17), on the Rio Sabana,
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is located on the broad Pacific coastal plain, The climax
vegetation here is classified as Transitional Tropical Moist/
Dry Forest.* Well-drained soil is covered by a deciduous
forest dominated by the {'Lli.]:rn [ Cavanillesia Ihf{:::!arg.{ﬁ:."gqj_
several subclimax associations are also present, The arca
includes the farthest limit of tidal infuence on the Rio
Sabana, thus the northern-most limit of mangrove swamps.
Several extensive stands of mangrove are present, although
they do not approach the extent of stands along the lower
Sabana and other tidal estuaries adjacent to the Gulf of
San Miguel. Much of the land in this area is subject to
continual clearing and burning and o grazing by cattle.
Where such land is no longer used for this purpose, it is
gradually reverting to forest, and is covered by guarumo
{Cecrapta ip.), balsa (Ockroma sp.), and other secondary tree
species. Although some hills having elevations in excess of
A m ocour within few kilometers of this area, all collec-
tions were made at elevations of 20 m or less.

Fig. 1. Route 17, eostern Ponoma,

drea 3 (Morti Hydeo Camp, Route 17) is located on
the Pacific slope of the Serrania del Darién, It is crossed
by the Rio Morti. The camp itself is approximately three
airline kilometers upstream from the Indian village of
Morti Arriba. The area is marked by sharply rising hills
with elevations ranging from 100 to 300 m. This area falls
within the Transitional Tropical Moist/Dry Forest Life
Zone,” although by casual inspection the zonal vegetation
appears more hydrophytic than does that of Area 1. There
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1s very little flat land in this area, and much of the collecting
was done on steep slopes, Most of the land is covered by
what appears to be primary forest. A few man-made clear-
ings are present and some areas are apparently undergoing
secondary suocession.

Atrea 5 (Sasardi Camp, Route 17) is located at the june-
tion of the steep northern (Atlantic) slope of the Serrania
del Darién and the narrow ecoastal plain. The life zone is
Tropical Moist Forest.® Clearing for agriculture has been
very extensive, so that mature forests are almost completely
gone from the coastal plain and are usually found only on
the mountain slopes. On the plain, secondary successional
stages from open field to secondary forest are present. There
are also scattered poorly drained depressions supporting
swamp forest (Fig. 3). Between the camp itsell and the coast
are extensive stands of coconut palm, Along the shores, a
few narrow bands of mangrove grow at the mouths of
streams. Several streams traverse this area, the most sig-
nificant being the Rio Coadi. These sireams drain the area
of maximum precipitation on Route 17, and are subject
to frequent wet season flooding. This factor, coupled with
topographical conditions, have produced an area of great
potential for the breeding of vector mosquitoes,

Area 2 (Teresita Camp, Route 25) is located across the
continental divide from Area 4 in the ecastern foothills of
the Serrania de Baudd, The Rio Truando, a major tribu-

SAUTATA
(-]

Fig. 1. Route 25, nerthwestern Colembin,
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tary of the Rio Awrato flows across this area, as does ihe
Rio Salade, a small tributary of the Truando, The land
between these streams is subject to lrequent Mooding and
supports considerable swamp forest. The area s included
in the Transitional Tropical Moist/Wet Forest Life Zone ™
Although considerable logging has occurred here, extensive
stands of mature evergreen forest are still present, especially
on mountain slopes and on land away from large streams,
Human activity has been largely restricted to lands adjacent
to the Rio Truando:; consequently, such lands now are
either in cultivation or in various early successional stages,

Area 4 (Curiche Camp and Al Curiche, Route 25)
comprises the very narrow coastal plain between the west-
ern-most ridge of the Serrania de Baudd and the Paafic
Ocean and between the villages of Guarin and Curiche,
The area is within the Tropical Wet Forese Life Zone '™ A
series of edaphic-hydric associations 15 present beginming
with narrow bands of mangrove swamp along tudal estu-
aries. Behind these, on slightly higher and less saline ground
are narrow bands of all::m!ul'riue i Muora oletfera), then wider
bands of cativo {Prioria copagfera), On some well drained sites
of the coastal plain and on the slopes and ndge behind the
plain, a mixed evergreen torest is present which shows hutle
evidence of disturbance. On most well-drained land lying
close to the ocean shore, however, much clearing for agri-
culture has taken place and early successional stages are
present. Some of this land is covered by dense stands of
species of Heliooma and Calathen. Alto Curiche Weather Sta-
tion is located on the mountain ridge overlooking Camp
Curiche on the Pacific Ocean, and is surrounded by mixed
E‘."r't'l'il:f_l"."fl'.T'l i'c:ar\r::\'i. ""-II. 1_'!]”!'.1.'.1 i.ﬂ”lﬁ- ilf_"r'{"' Wi I[I-'ld!,'. al I'.]i"'\l'."l! il s
r.'r1r|g§|i|g; hetween 250 and 300 m,

Area 8 (Rio Atrato Barge, Route 23} is located on the
lower Rio Atrato in the vicinity of Hacienda Sautatd, a
large catile ranch, The area falls into the Tropical Moist
Forest Life Zone!" The ecology 15 completely dominated
by the edaphic-hvdric associations present on the enormous
flood plain of the Rio Atratw. Except on river levees, only
prass and sedee marshes and palm swamps are present. The
river levees support a well developed forest, although in
somie areas, for various reasons, it s reduced or even absent.
At Hacienda Sautatd, the Rio Atrato lics very close to
the foothills of the Cordillera, and evergreen forest s pres-
ent on slopes. The flatter land has been cleared for cactle
ETaZINg.

Cecasional collections were also made at locations which
were not included in the regular collection arcas, Two arcas
which were f'rr.Llun:’:TﬂI}' visited on Route 17 were the exten-
sive swamp forests along the Rio Chucunaque, between
Areas 1 and 3, and the mangrove swamps surrounding
Camp Lagarto, a survey camp on the shore of the Gulf
of Jan Miguel directly across from the town of La Palma,

Collecting and Processing of Data

A variety of collecting methods were emploved; some on
a regular basis, others not. A collecting camp was main-
tained in oeach area, and was ::nrllinunuhiy :‘.-]')trl'ale{l
throughout the collecting period for each camp, The periods
of collection tor each area are shown in lTable L

Within each collecting area, some permanent collecting
sites were established where varnous collecting devices, such
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TABLE |

PERIODS OF COLLECTION OF SPECIMEMS FOR SEA LEVEL
CAMAL ROUTES 17 AND 25

_'1.!".".1 R‘_'ILHI:' T'I"ri“l!‘l {}l)l'l:i!r':".-]
| 17 Moo, 96— Dec. 14967
4 17 Febr, 1967 -Diec. 1967
5 17 Feb. 1WG7-fan. 19685
2 25 Mar. [TH7-Dec, 1907
4 25 Apr, 1967-Dec. 1967
h 25 Sep. 1967-Dec. 1967

as Malaise traps and sentinel monkey plattorms, were oper-
ated.§ Much of the collecting was also done on a random
basis throughout these collecting areas,

A field laboratory, cquipped with running water and
electricity, was also operated on cach route, These labora-
tories were used to support the collecting camps and 1o
process material coming in from them. In each instance,
they were located adjacent 1o an airplane landing strip, and
all collected matenal was shipped to Panama City by air,
Preliminary sorting was also accomplished at these labora-
ories.

Final identification, testing, and curating of material was
accomplished at GML in Panama City. These procedures
included:

|. Identification of arthropods, mammals, and birds.

2 Testing of specimens of whole-blood from wild-caughi
and sentinel vertebrates for antibodies aqainxt arhovirus
diseases,

3. Identification of hemoparasites by examination and
culture of specimens of whole blood and by examination
of blood smears from wild-caught vertebrates.

4, ldentification of intestinal parasites from wild-caught
vertebrates.

5. ldentification of pathogenic bacteria from  wild-
caught vertebrates.

. Pathological examinations of tissues from sick sentinel
ammals.

Information pertaining to cach collection was entered
on a standard form in simple numerical code. When all
collected material had been identified and coded, the infor-
mation was transferred to punched cards for machine data
processing, This, and subsequent sorting of cards and print-
ing of information was done at the Middle American Re-
search Unit, Balboa Heights, Canal Zone, Later processing
was done at the Walter Reed Army Institute of Rescarch,
Washington, D.C.

Studies of Petential Disease Reservoirs

Cidlectron of Wild Vertebreies. In order to determine relative
numbers and types of small rodents present in the various
ccological associations found within each area, a svstematic
program af trapping was employed. Each sampling was

$1n conducting the research described in this report, the investigators
adhered to the "Cuide for Laboratory Amimal Facilities and Clare,” as
promulgated by the Committer on the Guide for Laboratory. Annmal
Facilities and Care of the Institute of Laboratory Animal Resources,
National Academy of Sciences— National Research Couneil,
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ILUTII.' h'l.' |||l::l|?'||i.[|.1_' I-'].”I:]II:[Il\ 4} Ni”i(”'li_'ll I.'I'\'l' I[.I'.'Ifll!‘- dal
10-foot intervals. The traps were left in place for five con
secutive nights. Traps were checked each morning, and
trapped mammals were removed in their traps. In the eve-
ning, the trap line was again checked, all traps were freshly
baited, and any traps removed in the morning were re-
placed. At the end of the five-day trapping period, the trap
line was moved 10 a different ecological associaton, Trap-
ping went on bor five days at the new location and was again
moved. In this manner, three or four associations were
sampled in a fixed sequence, so that each association in an
A PRl WY RS Hﬁ]:l.l:llt"lii il iI.E:lli']'l::l\:i][li'l.ll:'l'l.' |]!1'|TI.|]:II.\' i.||||'l"\r'i'llJIN.

|r| ..Jdl:lth 10T 14 5v "-\.H!rr'li'ﬂi.(' 1r'£l[J[$'illL:. HEJt!('i}!] ]]}ll::lili“'i "‘\'IJL']E
as trees were also sampled at irregular intervals, Mist nets
were used periodically to colleet bats and small birds. Large
:r|'¢1|n|:r|.1|:-» }l:lil |i'1]':|,!|."' E.lir'll.h Were "'I'IIZ:IL Ei]]ll. HOOTIE Wale FJUJ-
chased from local inhabitants,

Keptiles were captured on a casual basis. A large collec-
tion of reptiles and amphibians was made in Area 3 by
Dir. Charles Myers, a herpeiologist now at the American
Museum of Natural History

Pracessing of Wild Vertebrates. When possible, identifications
of vertebrates were made in the Reld, If a specimen could
not be determined to species with certainty, however, a
study skin and skull or the entive carcass in formalin was
gent to GML for identification. In some instances, as in the
case of an undescribed species of Orpzemps collected in
Colombia, the specimen was shipped 1o authorities in the
Linited States.

Fig. 3. 5ite 504, a freshwater swomp neor Camp Sasordi, Comarca de
Son Blos, Ponoma.

Whaole blood samples were collected from all captured
vertebrates. They were allowed 1o clot at room temperaiure
and then stored in a houschold refrigerator (ca. 470 They
were then shipped on wet dce in insulated containers o
GML tor serological and parasitological testing.

All collected
f‘('lll[);!r}lhi“f'!‘i -I.hf'.‘\f' Wre ri'r”l'l"-.'l."'l:iI|I N(JT“'L!_ HT'lI:] Jfl'r_':‘_:{'r'\.'{'[l
Most rodents were examined for

\'!'r[t'EJ!'HH'H Wi i'}]ﬁ'f‘li[l\ !‘.'('ﬁ]!li.rl'."(! t‘(!l]

for later identification,
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intestinal parasitic worms by Aushing the guis with distilled
WALCT.

Diprtera, These insects are of greater medical importance
than any comparable group of arthropods, Collections in-
cluded mosquitoes, phlehotomine sand flies, black fies
i Simuliidas), biting enats (Culicosdes), and homse and deer
fies (Tabanidae). Collection methods uzed included Malaise
trapping, light trapping, collectipns using humans and ro-
dents as bait, collections of mosquito larvae from water, and
aspiration of resting flies from tree butiressess and foliage.
Malaise traps were constructed From plans published by
lownes.!! CIN miniatre light traps’ were used, without
dry ice. Although the use of drv ice would have increased
the volume of mosquitoes captured many fold, it was 1m
possible to supply it to the collection camps on a regular
basis. Rather than use it on an irreeular basis, it was de-
cided not to use it ar all. Modified Shannon traps! were
also used nocturnally with gasoline lanterns. Some collec-
tumns were made of blow fies, Aesh Mies, and other non-
biting Diptera, mostly from Malaise traps

Other Biting Arthropods, In addition to the ecroparasites
ohtained in connection with the vertebrates collection pro-
gram, some triatomid bues (Reduvindae) were collecied,
1tluﬁliy in Shannon traps,

Sentinel Animal Studies

Laboratory-bred animals of known immunolomcal status
were exposed to the environment of the study areas. Tt was
possible 1o detect active disease agents by isolating pathao-
gens from the tssues of sick anmmals and by detectine anti-
bodies in apparently healthy animals.

Several species of monkeys known 1o be susceptible 1o
vellow fever were t'xpr;-:«*r't at four study areas on [:u|;!|h:1'|'|';j-»
situated at heights of about 20 m above ground level {the
likely vectors of jungle vellow fever are canopy-inhabiting
mosquitoes), Temperatures of the monkevs were taken rec-
tally daily, and daily captures of mosquitoes were made on
the platform. These MosaUiloes were shipped alive to GMI.
for virus isolation attempis,

Golden hamsters, known 1o be susceptible 1o Venezuelan
equine encephalitis and o many Group C arbovireses, were
exposed at both ground and canopy levels. Hamsiers are
cfiective sentinels, even when transmission rates are low ™
Cages were checked twice daily and any hamster showing
“iEIIF l.lj f-::-'ahl-\. I”.III."'H-\. Was I'||'|'r'u]|-iir"|_‘j, ']'i-.h“i'-, WE D ;,hi',:i"u:'-;l
on owel ot GMNL fon pmhuhri:hni examination and at
tempted virus solation. At the end of 30 d;[}'-c_ all surviving
hamsters were returned to GMILL and replaced with a fresh
ErOup

Summary

A Medico-ecology survey was conducted  of ]If'f?i_lil-it'(l
sea-level canal routes in castern Panama and northwestern
Colombia. Information was gathered from a variety of
sources, including published literature, unpublished repaores,
.'i!‘]i]lli‘i_']l'il] 1:?Lilllr|i'|]i'|.1il::ll'l'i Hj. hl'::ll::ld hi!]]I.E:llt"" lill\'.i'll I:'1'c1rn T10k¥T0
indigenous personnel engaged in canal feasibility studies,
dispensary disease records, studies of local human popula-
[jl’ln'i. ﬁ.t'l.d h{"l.{] L‘:(?JEi'i'ﬁirill"i UF l.)[)”'!}[ii!l 'd]]i.rll'dl VEeriors .'III(]

reservolrs of |IIJ][I.'lrI 'i]1H'1'-lH!'.
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A wide variety of vertebrate and invertebrate animals
were collected, identified, and processed, using live animal
traps, mist nets, shot guns, Malaise traps, light traps, Shan-
non Traps, human biting collections, larval collections, and
other methods. Blood and other tissues were examined for
pathogens and for antibodies against viral agents,
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