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INTRODUCTION

~ The bull shark, Carcharhinus leucas, occurs in relatively warm waters
around the world, tends to congreqate in shallow, brackish water about the
mouths of large rivers and to make its way up some rivers, sometimes for
great distances. Tnis appears to be the case n the San Juan River between
Nicaragua and Costa Rica, as well as in Lake Nicaraqua which is drained by
the San Juan, in both of which a sizable populatisn of these sharks occurs.
However, for many years it has been assumed that the sharks in the lake are
landlocked by the occurrence of several ranids in the river, and it has
only been in.recent years that this theory has been challenaed. A recent
paper by my aroup {Copeia 1966(3):385-402) presents evidence anainst the
theory, paointing out that thé sharks are (as shown by morphometric data)
of the same species throughout the system, as well as in the sea; that the
rapids are navigable by barges and tugs of at least two feet draught: that
sharks are taken both above and below the imajor rapids; and that the same
species ascends rivers in other parts of the world. Although the
circumstantial evidence is strong that sharks move up the Rio San Juan into
Lake Nicaragua, definitive proof must come from sharks tagged at the mouth

of the river and recovéred in the lake.

The sawfish, Pristis perotteti, also occurs in the Lake Nicaraqua-

Rio San Juan system and the same question has arisen concerninag its

Tandlocked status.

OBJECTIVES
This study was designed

1. To demonstrate whether or not the bull shark and the sawfish
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move from the Caribbean Sea into Lake Nicaragua.
2. To detérwmine whether or not they return to the sea after having
been 1in the Take. : :
3. To establish)théir patterns of movement within the lake w3d the
Rio San -Juan.

4, To determ{ne hew Tong they stay in frésh water once they enter.

PROCEDURES

The original plan involved conventional tagaing, to be conducted
at the three major cutlets of the Rio San Juan, at San Juan del Norte,
Nicaraqua, ‘Barra del Colorado; Costa Rica {the major outlet, called the
Rio Colorado, where the 1argest population of sharks occurs), and Samay
Lagoon, Costa Rica; at various points on the river, particularly E}
Castillo and San Carlos, Nicsragua; and at the far end of the jakeé in
the vicinity of Granada. Yarious circumstances prevented work at Granada,
but extensive tagging was carried out at the other, more critical sites
(see maps and Table 8 for geographic locations).

Petersen disk tags were employed in 1966 and 1967, but they nroved
unsatisfactory for such larqe fish as sharks and sawfish. They were
rarely recovered more than four or five months after taqqina, so they
were replaced for the rest of the project by Jumbo Rototags, which have
proven highly satisfactory.

Ultrasonic tags, emitting pulsed sianals into the water, were used
for four seasons. In 1967, sharks thus taqged were tracked, in the Tower
reaches of the river, with portable hydrophones and receivers from boats.
In 1968, 1969 and 1970, passage of Sharks was monitored with recording

receivers installed at strateqic points along the shores of the various

——
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channels cf‘thg'kio San Juan. The tags and recorders have been described
in an ONR Téchnical Report (Thorson, Estérberc and Johnson, 1969).

The sharks and sawfish were caught by local fishermen, wio used thand
lines with chain Teaders and large hooks baited with chunks of freshly cut
anima! flesh, usually fish.

Most of the tagging occurred in the months of June, July and August,
1966 through 1970, In addition, a féw were taqged in November, 1967,
April, 1969, July, 1971, and July, 1972,

RESULTS
Shark Taqging

At the river mouths large numbers of juvenile sharks were taken
{1argely from about 50 to 80 cm. in length), as weil as adults (as the
term is used here, it includes sexually immatyre as well as mature
individuals) from 170 to 240 cm. Thére were very few of the intermediate
size range (80 to 110 cm.), suggesting that a part of the life cycle is
spent elsewhere. The shark tagging records have therefore been separated
into adult and juvenile cateqories. They are presented in Tables. 1 and
2, which show numbers taqged, numbers recovered at least once, and
percentaqe recovered, by year and by tay tyne, as of January 1, 1973.

A total of 1634 adults and 1203 juveniles were tagged. In both
categoriss, appreciably lower percentages of Petersen tagged sharks were
recovared than those tagged with Rototags. Only one of the former has
been recovered within the past four years, its taas having beén overgrown
by cartilage and carried for 1022 days whern the shark was caught.
Recoveries of Rototags are still being made, and 1ikely will be for a

number of years. The overall resovery rate (13.8% for adults, 17.1% for




juveniles) seems remarkable, considering that each shark released has

avaiiable to it the whole lake, the river, several large tributaries,

‘ cgast;}~chaéne1s and thé open. ses. :

Movements of adult sharks.

Table 4 summarizes movements made by adult sharks from each tagaing :f
site and gives ranges of time lin days) bétween tagaing and recovery. §
The -data are shown*qraphicallé in Figures 1, 2, and 3. 31

:ﬂhi1e most fecoveries-wgre made at the same locations where tadqing :J

took place, the sharks obviously moved freely back and forth between
the coastal taaging sites as well as up the river for various distances.
Six tagged at Barra del Colorado traversed the whole léngth of the river

to San Carlos, and two of these continued on far into the lake {Isla

‘Ometepe and Islas del Nancital).
b Of the 145 adult sharks taqged at San. Carlos, twenty have been

L2

recovered to date at the various mouths of the Rio San Juan. The free
movement of sharks through the full length of the river, in both
diractions, ‘has thus been positively estahlished.

Movement within the lake has also heen demonstrated by two sharks

;. tagged at San Carlos and recovered at the far end of the lake at Los f,i

Cocos and the mouth of the Ric Tipitapa. %
The length of time the sharks stay in fresh water cannot be %

-established with complete certainty, since we cannot be sure that a shark 3

both tagged and recovered in frash water has not returned to the sea

during the interim. However, the distances involved and the frequency
of captures and recaptures, both in fresh water, arque strongly for 4

virtually unlimited tolerance to fresh water.




To date, no recovaries have beaen reported in the Caribbean Sea
farther from the coastal tagging sites than Tortuquero to the south aind
San Juan del Horte to the north. It seems probable that sharks of trie
Lake Nicaragua-Rio San Juan system range farther thin known recoveries
indiCate. There may well be tags in the possession of fishermen at
more distant points that have not reached me. However, the possibility
also exists that we are dealing with a more or less isolated population.
Nothing is known of the coastal movements of this species, nor is it
known where the missing size range (80 to 110 cm.) spends that part of

its life cycle.

Movements. of juvenile sharks,

Juveniles are found throughout the lower river and the channels
connected wWith it. They are concentrated in some of the side channels
where presumably they are safer from predation by adults, but they are not
restricted to these "nursery grounds." They are numerous, especially
below the rapids, at E1 Castillo and occur, in small numbers, in lLake
Nicaragua.

Tagging showed that most of the recoveries of juvenile sharks were
made in the same general area where tagging occurred. However, they
move freely locally, for instance among the channels and sites included
within the designation "Barra del Colorado", and between the various
coastal tagging sites (Table 5, Figures 4 and 5). One tagged at Barra
del Colorado was recovered 420 -days later at Rio Maiz, the greatest
distance north of the taqging sites of any recovery, including adult and

Jjuvenile sharks and sawfish.

A




At the upstream sites, recoveries were mostly local (as at El
Castillo) or showed downstream movements, including the single juvenile
tagged at San Carlos, which was recovered 493 days later at Barra del
Colsrado.

Most of the juvenile recoveries were made within a month or two of
tagging, largely during thé time when we were stil? present in the study

area. Apparently most .of the young leave the area after their first few

months of 1ife and probably return after an undetermined length of -time.
To date I ‘have only two recoveries between one and two years after
tagging, and one approaching three years (965 days). However I have
accurate total length measurements for none of them, so I cannot as vet

determine the growth rate, nor the length of time the young are absent.

A summary of the tagging of 345 sawfish and the recovery of 183 is
provided in Table 3. The high recovery rate {44.3% until Jan. 1, 1973)
is in part a refiection of a commercial sawfish fishery overating in Lake

Nicaragua since 1970 and the efforts of personnel of Instituto de

Fomento Nacional (INFONAC) in hiandling tag recoveries.

Of the 17 sawfish taaged at Barra del Colorade, seven were recovered
at least once, all at Barra del Colorado. Two of them: were recovered a
second time, also at Barra del Colorado. Time at Tiberty ranced from one

day to 629 days (Table 6).

Two sawfish were tagged at E1 Castillo, one of which was recovered at 4
Barra del Colorado 85 days later (Fiqure 6).
Of the 326 sawfish tagged at ‘San Carlos, A4 were also recovered there,

from two hours to 752 days latep. Only four were re-captured downstreanm,




_ 7
one at £l Castillo 450 days iater, two. at Barra del Colorado 577 and

743 days later, and one that pisSéd out cne of the mouths of the river

T

and made its way down the co&ét to Parismina (1398 days}, the areatest
distance south of the tagging sites of any shark or sawfish tagaed in 1
the program. |
' By far the greatest number of sawfish recoveries were of those taqaed ]
in San Carlos and later taken in Lake Nicaragua. These were taken in

relatively shaliow water along the coasts of the lake and various islands 14

in the Take in from 34 to 1334 days after taagina.
Soma of the sawfish may remain in one Jocality for extended seriods,

as in the case of a 362 cm. female taken at San Carjos June 28, 19771, and

‘recapiured four times at intervals of 3, 21, 368 and 143 days, every time

within a few hundred yards of the same piace in San Carlos. On the other

hand, they are ciearly very mobile, having been recovered in the sea and

a1l over Lake Nicaragua.

That they move between the lake and the sea was clearly demonstrated

el e bt

by three individuals that moved from San Carlos the full distance down the i

river. Unfortunately, relatively few sawfish are taken at the river mouths,

and only 17 were tagged in five taqging seasons there and none were 9

proven to make the complete trip upstream. There can be 1ittle doubt,

3 however, that they do so, as there is a pre-reproductive size range 3
; virtually missing from the population either in the iake or at the river

mouths, which must occur in the sea. i
; . Ultrasonic Tracking

[

Table 7 summarizes the electronic tagging activities carried out |
from 1967 through 1970,

J‘
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In 1967, when portable tracking equipment was used, 11 sk-~ks were
tagged. One at San Carlos was lost almost at once, but ten were tracked
in the channe1§:near Barra del Colorado and Samay Lagoon for from five
minutes to nine hours and 20 minutes, and for distances of from less than
a kilometer to about seven km. HMost of them tended to move downstream.
Three of four tagged in the river mouth headed directly out to sea; the
fourth circled about and moved back and forth within a radius of about
1/2 km for two or three hours on two different days. Four of the eleven
were caught by fishermen 29, 30, 35, and 39 days after the oriainal
marking, and oné was taken abeut a year later, ald of them in the river
mouth.

In 1968, 1969 and 1970, movements were monitnred by recording receivers
instalied along the river banks. Numerous movements were demonstrated
between various pairs of points, but the most noteworthy movements were
the following ones.

Two sharks tagged at E1 Castillo .each passed out the river mouth at
Barra del Colorado about 36 hours later, having traveled a distance of
about 125 km.

Three sharks tagqed at San Carios were recorded in the Barra del
Colorado area about 175 km downstream, one in five to seven days, one
in 114 days and one in 12 days. A fourth shark taqqed at San Carios
passed the Delta monitor (below all of the rapids) in four days and
17 hours.

A single shark taaged at the river mouth passed the fuldl length of
the river upstream, in 25 days or less. It was one of 38 sharks tagqged

at Barra del Colorado and Samay tLcgcon from two to 25 days before its

arrival at San Carlos.
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Tapping siter

2w

able 4, .Hovements denonstrated for Garchnrhinus leucas adults,

Tagping site:

Barra del Gglor o (1363 tagged)

Reco gx aggg Ko, of‘recoveries Days gg,iiﬁéiti

Barra -del -Colorado.
Samay Lagoon ’
San: Juan ‘del Norte

El Castillo
San.-Carlos
Crétepe,
HNancital

Terming site:

‘Samey Lagoon

Barra -del -Colorado.

gan Juan-del Norte
lortuguero

Rio Bartola

I ‘Castillo

?aqgig@ site:

Samay ngobn»(78

San Juan del XNorte:
Barrd dél Colorado.

Tagsing sit s

Barra del Colorado.

ngging‘gite:
Barra del Coloradc

Tasging‘sitgz

Rio San Carlos.
Barra del Colorsdo

‘San Carlos

Los Cocos

Rié Tipitapa

El Castillo

Delta

\Cano Madre

Barra del Colorado
Samay Lagoon

San Juan del Norte

101 2 Era, = 1402 days

22‘ 1l = 1479
20 18 - 841
118

Qg.
O

B3
>

Ll a2 X IV STl
-
~2
I OO O
Q
&

£
3
e
o/

31 = 39
3 - 289
58 = 1135
o4

a2l XY XY

San Juan del Norte (9 tagged)

3 22 - 79

<2 35 = 46
?brggggerO'(l tagged)

1 286.

Catio Nepro (1 tagged)

1 20

b4 | Castiilo (37 tagged)

1 200 V
9 16 - 1399

San Carlos (145 tagged)

38
9% - 553
-~ 352
41 - 1375
32 - 1108
78 - 1524
1 - 810

= )
W W OO
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Table 5, Movements demonstrated for Carcharhinus leucas Juvenilee,
Tagping site: Barra del Colorado (1000 tagged)
=8ELIng site: Barra del Colorado
E Recovery site HNo. of recoveries Daye at liberty
3 Barra del Colorado 154 2 hrs, - 346 days
g Rio laisz 1 420
% Semay Iagoon 3 5«32
g Cafio Madre 2 48 - 80
Delta 2 25 - 35
2agpnine site:  Samay Lagoon (54 topred)
Samay Lagoon 6 2 - 2%
Barra del Colorado 2 3«13
Tortuguero 1 965
Ll Castillo 1 217
Lag-ine site: San Juan del lorge (3 taggped)
San Juan del Horte 2 3 - 34
:; . tosping site: £l Castillo (145 tarped)
1 E1l Castillo 20 1 -2hps, - 132 doyn
A Rio Isla Chiecn 1 115
L 2io Bartola 1 53
¥ Rio ~an Carloes 1l 3
3 Rio Saraniqui 1 207
5 Barra del Colorado 4 4 - 25
g Lacing site: San Carlos (1 tacred)
] Barra del Colorado 1 49%
¥
2
| :
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'.lf ! :
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Table 6. Movements demonstrated for Frastis perotteti.

fagsing sites Baprs Qel Colorado (17 teaged)
Eggovery site Ho. of rscoveries Days at liberty

Barra del Colorado

Lopging site: El Castillo (2 tagged)

Barra del Colorado

arming site: San Carles (326 tagped)

San Carlos

k1l Castillo

Baryrs del Colorado
Pariamina

Lake Nicarsgua:

Rio Zanote

Rio Boca Ancha

Islas Balsillas

Archipielago Solen-
tiname

Morillo

Punta E1 Tule

San Miguelito

EZ1 Pedernal

Punta El1 Copelito

Isla San Bernardo

Islas del Nancital

San Ubaldo

Puerto Diaz

Punta Santa Clara

Rio Malacatoya

Los Cocos

Las Isletsas

Isla El Armado

San Jorge

Isia Ometepe

Unknown

4

1

64

[
NCOI\)H\N'\‘J\NI\JG!N\”O\-P\N\H\N#\X kANt -2

YT

1 -.629

85

2 hrg, - 752 days
450

277 = 743
1398

1267
506 « 874
188

312 - 1279
46 - 1300
299 - 589
183 - 1239
171 - 510
160 - 795
128 -~ 594
179 - 725
272 = 601
29 - 817
185 - 244
222 - 461
336 - 1334
19 - 808
736

803 - 815
€0 - 738
663 - 720
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1969

1970

Site

Barra del Colorade
S8amay Lagoon

Cano Negro

San Carlos

Barra del Colorado
Samay Lagoon

El Castilio

San Carlos

Barra del Colorado
Samay Lagoon

San Juan del Norte
8an Carlos

Barra del Colorado
San Carlos

Iunmber of tars

— = n =
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Table 8, 3Sites referred to in text and maps,. ' 3
1, 3arra del Colorado
2. Samay Lagoon
3+ ©San Juan del Norte
4, Tortuguers
5. Parisnina
6., Rie Maiz
7 Caﬁo Bravo
8. Caflo Madre i
9. Caflo Nerro ]
10, Delta :
11, Rio Sarapiqui
12, Rio San Carlos
13, Rio Bartola 4
14, El1 Castillo
15, Rio Isla Chica : E
16, San Carlos 9
17. Rio Zapote :
18, Rio Boca Ancha ’ -
19, 1Islas Bolgillas 9
20, Archipiclago Solentiname (with Isla Nancorron) ;-
21. llorillo (with Rio Ansuelo ant Rio Censuclo) 9

22, DIunta El Tule 2with Il Corosal an? Rio El Conro)
23, San Miguelito (with L1 lMorro and Isla Ll Boquetz)
24, E1 Pederncsl gwith Rio Camastro) :
25, Il Copelito (with Guabo) 4
26, Isla San Bernardo (with Isla San Lernardito) i
27, Islas del Nancital (with Isla Grande)
28, San Ubaldo

29, Tuerto Diaz (with Arrayan)

%0, Punta Santa Clara (with Punta Ll lccrco) 4
%1. Rio Malacatoya (with El Guayabo) 1

%2, Los Cocos (with Punta San Pedro ant Lio Moitapa) E
33, Las Isletas (with Granada) .
34, Isla El Armeado )
55. San Jorge 3
36, Isla Ometepe (lloyogalpa, Punta Jesur Maria, Lnsenada kX
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PUBLISHED AND UNPUBLISHED PAPERS, THESES AND REPORTS

Thovson, T.B., G.F. Estarberg, and J.H. Johnsor. 1969. Ultrastonic
shark tag monitoring system. Technical Report to Office of Naval
Rese;rch. Department of loology, University of Nebraska, 2 June 1969,

Thorson, ¥.B. 1970. Proof from tagging thnat sharks of Lake Nicaraaua
are not land-Tocked. Proc. Hebr. A.ad, Sci., 80:14, (abstract)

Therson, T.8. 1371, Movement of bull sharks, Carcharhinus Jeucas,
batween Caribbaan Sea and Lake Nicaragua demonstrated by faaaina.
Copetfa 1971{2):336-338.

Thorson, 7.8. 1972. The sharks of Lake Nicaragua: Visitors from the
Caribbean Sea. Historia Haturai y Pro Natura 4{3):34-36.

Tuorson, T.B2. 13?3. iSexuai dia?rgggim 1nngumbe¥ of rostral teeth of
the sawfish, Pristis perotiat er and Henle, 1841. Trans. Amer.
Fish. Soc. 102(3): In press. '

Jensen, N.H. The reproduction and development of the bull shark,
lenhlnhinns.liug¥§. in the Lake Nicaragua-Rio San Juan System.
D:pa;tment of Zoology, University of Nebraska, July 1972, (PhD
thesis)

Tuma, Robert E. An investigation of the feeding habits of the buil shark,
Carcharhinus leycas, in the Lake Nicaragua-Rio San Juan System of
caragua and Costa Rica. Department of Zoology, University of
Nebraska, December, 1972. (MS thesis).

To be published:

A tagging study of the movements of the bull shark, Carcharhinus leucas,
in the Lake Nicaragua-Rio San Juan System.

Tagging of the sawfish, Pristis perotteti, in the Lake Nicaragua-Rio San
Juan System.

Some aspects of reproduction and life history of the sawfish, Pristis

perotteti.
Notes on the develbpment of the sewfish, Pristis perotteti.

Three papers based on the thesis of Norman H. Jensen (above).
A paper based on the thesis of Robert E. Tuma (above).

Several other papers based on data recorded for sharks and sawfish in
the tagging program.
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A monograph on the bul shark, Carcharhinus leucas.
A monograph on the sawfish, Priz¢is perotteti.
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GRADUATE STUDENTS EMPLOYED

The ONR-sponsored tagging program was conducted in conjunctiorn with
an NIH-supported study of osmoregulation in freshwater elasmobranchs.
Personnel and equipment were shared and the 1ines between the projects
were not always distinct. The following students took part, but enly as
indicated did they conduct their thesis work with ONR support.

Cowan, C. Michael, Nov., 1967 (other periods with other sources of support),

PhD 1968. Thesis: The blood proteins of the bull shark, Carcharhinus
leucas. (not ONR)

Gerst, Jeffery W., summer 1969, 1970 (other periods with other sources
of support), PhD 1973. Thesis: Osmoregulation and nitrogen matabolism
of Potamotryqon, freshwater stingrays of South America. (not ONR)

Greiner, E1lis C., summer, 1967, PhD 1971. Thesis not related to this
project.

Jensen, Norman H., summer, 1968 (other periods with other sources of
support), PhD 1972. Thesis: The reproduction and development of the
oull shark, Carcharhinus leucas, in the Lake Nicaragua-Rio San Juan

System (supported largely with ONR funds). This will be published
in three papers.

Olander, Charles P., summer 1968, 1969 (other periods with other sources

of support), PhD nearing completion. Thesis not related to this
project.

Tuma, Robert E., June, 1967, MS 1972. Thesis: An investiqation of the
feeding habits of the bull shark, Carcharhinus lencas, in the Lake
Nicaragua-Rio San Juan System of Nicaragua and Costa Rica (supported
largely with ONR funds). This will be published as one paper.

Watson, Donald E., summer 1967 (other periods with other sources of

support), PhD 1966. Thesis: Some helminth parasites of fishes in
fresh waters of Nicaragua. (not ONR)




