
TE
C

H
N

IQ
U

E
S

O
F

S
U

R
V

E
Y

IN
G

FO
R

C
R

O
C

O
D

ILIA
N

S

W
illia

m
E

.
~

fa
g

n
u

sso
n

D
e

p
t.

P
e

ixe
—

b
o

i,
In

s
titu

to
N

a
c
io

n
a

l
D

e
P

e
sq

u
isa

s
D

a
A

m
a

zo
n

ja
CP

4
7

8
,

6
9

.0
0

0
M

anaus
AM

,
B

ra
s
il,

S
o

u
th

A
m

e
rica

IN
TR

O
D

U
C

TIO
N

A
g

re
a

t
n

u
m

b
e

r
o

f
te

c
h

n
iq

u
e

s
h

a
ve

S
een

d
e

ve
lo

p
e

d
fo

r
s
u

rv
e

y
in

g
c
ro

c
o

d
ilia

n
s
,

and
th

e
se

v
a

ry
w

ith
re

g
a

rd
to

th
e

s
itu

a
tio

n
s

in
w

h
ic

h
th

e
y

a
re

a
p

p
lic

a
b

le
and

th
e

ty
p

e
o

f
d

a
ta

th
e

y
p

ro
d

u
c
e

.
W

hen
p

la
n

n
in

g
a

s
u

rv
e

y
,

th
e

fir
s
t,

m
o

st
im

p
o

rta
n

t
and

o
fte

n
th

e
m

o
st

d
iffic

u
lt

sta
g

e
is

to
lin

k
a

m
e

th
o

d
o

f
d

a
ta

c
o

lle
c
tio

n
w

ith
a

m
e

th
o

d
o

f
a

n
a

ly
s
is

th
a

t
w

ill
a

llo
w

a
d

e
fin

itiv
e

a
n

sw
e

r
to

th
e

q
u

e
s
tio

n
b

e
irz

a
ske

d
.

Som
e

q
u

e
s
tio

n
s

m
ay

n
o

t
be

a
m

e
n

a
b

le
to

s
tu

d
y

w
ith

th
e

tim
e

and
re

s
o

u
rc

e
s

a
v
a

ila
b

le
,

and
it

is
b

e
s
t

to
be

a
w

a
re

o
f

th
is

a
t

th
e

s
ta

rt
o

f
th

e
s
tu

d
y
.

Tw
o

com
m

on
and

im
p

o
rta

n
t

u
se

s
o

f
s
u

rv
e

y
te

c
h

n
iq

u
e

s
a

re
to

e
s
ta

b
lis

h
~he

s
ta

tu
s

o
r

th
e

m
axim

um
s
u

s
ta

in
a

b
le

y
ie

ld
(M

S
Y

)
o

f
a

p
o

p
u

la
tio

2
.

A
s

m
any

s
tu

d
ie

s
to

d
e

te
rm

in
e

th
e

s
ta

tu
s

o
r

m
a

xim
a

l
p

e
rm

is
s
ib

le
le

v
e

ls
o

f
e

x
p

lo
ita

tio
n

fo
r

a
p

o
p

u
la

tio
n

a
re

b
a

se
d

on
one

s
u

rv
e

y
,

th
e

ir
title

s
a

re
p

ro
b

a
b

ly
m

is
le

a
d

in
g

.
N

e
ith

e
r

th
e

s
ta

tu
s
,

n
o

r
th

e
m

axim
um

s
u

s
ta

in
e

d
y
e

ild
o

f
a

p
o

p
u

la
tio

n
ca

n
be

d
e

te
rm

in
e

d
fro

m
a

s
in

g
le

s
u

rv
e

y
.

O
ne

s
u

rv
e

y
ca

n
a

t
b

e
s
t

d
e

te
rm

in
e

th
a

t:
(1

)
th

e
s
p

e
c
ie

s
w

as
v
e

ry
d

iffic
u

lt
to

o
b

s
e

rv
e

;
o

r
(2

)
la

rg
e

n
u

m
b

e
rs

o
f

a
n

im
a

ls
w

e
re

se
e

n
in

th
e

a
re

a
.

R
e

s
u

lt
(1

)
tra

2
s
la

te
s

in
to

:
th

e
s
p

e
c
ie

s
re

q
u

ire
s

u
rg

e
n

t
s
tu

d
y

(c
o

n
s
e

rv
a

tio
n

o
rg

a
n

iz
a

tie
n

)
o

r
th

e
s
p

e
c
ie

s
is

to
o

ra
re

to
c
o

n
s
id

e
r

fo
r

e
x
p

lo
ita

tio
n

(m
anagem

ent
a

u
th

o
rity

).
R

e
s
u

lt
(2

)
tra

n
s
la

te
s

in
to

:
in

th
e

a
b

se
n

ce
o

f
o

th
e

r
in

fo
rm

a
tio

n
th

e
s
p

e
c
ie

s
ca

n
be

g
iv

e
n

lo
w

p
rio

rity
fo

r
re

s
e

a
rc

h
in

co
m

p
a

riso
n

w
ith

o
th

e
r

s
p

e
c
ie

s
(c

o
n

s
e

rv
a

tio
n

o
rg

a
n

iz
a

tio
n

),
o

r
th

e
s
p

e
c
ie

s
~

be
s
u

ffic
ie

n
tly

com
m

on
to

s
u

p
p

o
rt

som
e

fo
rm

o
f

e
x
p

lo
ita

tio
n

(m
a

n
a

g
e

m
e

n
t

a
u

th
o

rity
).

T
h

e
se

re
s
u

lts
a

re
v
e

ry
g

e
n

e
ra

l
and

in
m

o
st

in
s
ta

n
c
e

s
c
o

u
ld

h
a

ve
b

e
e

n
p

re
d

ic
te

d
b

e
fo

re
th

e
s
u

rv
e

y
.

F
a

irly
o

b
v
io

u
s
ly

,
if

s
u

rv
e

y
s

a
re

to
be

c
o

s
t—

e
ffe

c
tiv

e
,

th
e

y
m

u
st

re
c
o

g
n

iz
e

th
e

d
yn

a
m

ic
a

s
p

e
c
t

o
f

th
e

p
o

p
u

la
tio

n
u

n
d

e
r

s
tu

d
y
.

T
h

is
is

n
o

t
to

sa
y

th
a

t
a

s
u

rv
e

y
to

in
v
e

s
tig

a
te

th
e

s
ta

tu
s

o
f

a
p

o
p

u
la

tio
n

s
h

o
u

ld
be

u
n

d
e

rta
k
e

n
o

n
ly

if
m

oney
is

g
u

a
ra

n
te

e
d

fo
r

fu
tu

re
s
u

rv
e

y
s
.

R
a

th
e

r,
c
a

re
m

u
st

be
ta

k
e

n
to

e
n

su
re

th
a

t
th

e
re

s
u

lts
a

re
c
o

lle
c
te

d
in

su
ch

a
w

ay
th

a
t

w
ill

a
llo

w
co

m
p

a
riso

n
s

if
and

w
hen

th
e

o
p

p
o

rtu
n

ity
fo

r
fo

llo
w

—
u

p
s
tu

d
ie

s
o

c
c
u

rs
.

In
th

e
ca

se
o

f
a

tte
m

p
ts

to
ta

k
e

s
u

s
ta

in
e

d
y
ie

ld
s

fro
m

p
o

p
u

la
tio

n
s

th
e

s
itu

a
tio

n
is

s
ta

te
d

c
le

a
rly

b
y

C
a

u
g

h
le

y
(1

9
7

7
):

“T
h

e
c
a

lc
u

la
tio

n
o

f
an

M
SY

m
u

st
be

tre
a

te
d

as
a

fir
s
t

a
p

p
ro

x
im

a
tio

n
and

th
e

e
ffe

c
t

o
f

th
e

h
a

rv
e

s
tin

g
m

u
st

be
fo

llo
w

e
d

c
a

re
fu

lly
to

a
llo

w
fin

e
a

d
ju

s
tm

e
n

t
to

w
a

rd
s

th
e

o
p

tim
u

m
.”
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A
ll

to
o

o
fte

n
th

e
re

s
u

lts
o

f
a

su
rve

y
a

re
p

re
se

n
:e

d
as

th
e

num
ber

seen,
o

r
som

etim
es,

m
ore

a
m

b
itio

u
s
ly

,
as

th
e

a
b

so
lu

te
num

ber
o

f
a

n
im

a
ls

p
re

se
n

t.
E

ven
if

th
e

re
s
u

lts
a

re
ta

ke
n

a
t

fa
ce

va
lu

e
,

th
e

ir
s
ig

n
ific

a
n

c
e

is
lik

e
ly

to
be

h
o

tly
d

e
b

a
te

d
.

E
xcept

in
th

e
case

of
extrem

es
(e

.g
.

none
o

r
m

illio
n

s
),

w
e

need
m

ore
b

a
sic

b
io

lo
g

ic
a

l
in

fo
rm

a
tio

n
in

o
rd

e
r

to
m

ake
in

fo
rm

e
d

d
e

c
is

io
n

s
:

(1
)

p
o

p
u

la
tio

n
a

g
e

/size
s
tru

c
tu

re
;

(2
)

d
is

trib
u

tio
n

o
f

p
o

p
u

la
tio

n
,

s
tra

tifie
d

by
size

and
se

x,
am

ongst
h

a
b

ita
ts

;
(3

)
d

is
trib

u
tio

n
o

f
h

a
b

ita
ts

in
th

e
area

su
rve

ye
d

.

W
hen

th
e

b
io

lo
g

y
o

f
th

e
sp

e
cie

s
is

a
lre

a
d

y
fa

irly
w

ell,
know

n
w

e
can

som
etim

es
stre

a
m

lin
e

th
e

follow
—

up
su

rve
ys

by
co

n
ce

n
tra

tio
n

on
a

c
ritic

a
l,

o
r

re
p

re
s
e

n
ta

tiv
e

,
segm

ent
o

f
th

e
p

o
p

u
la

tio
n

.
T

h
is

c.an
be

u
s
e

fu
l

as
it

m
ay

a
llo

w
us

to
use

a
rtifa

c
ts

(su
ch

as
n

e
sts

o
r

trac)~S
)

to
m

o
n

ito
r

th
e

p
o

p
u

la
tio

n
,

so
re

d
u

cin
g

in
te

rfe
re

n
c
e

a
n

d
/o

r
expense.

In
g

e
n

e
ra

l,
th

e
c
o

lle
c
tio

n
o

f
a

d
d

itio
n

a
l

b
io

lo
g

ic
a

l
in

fo
rm

a
tio

n
adds

ve
ry

little
co

st
to

th
e

su
rve

y
(o

fte
n

as
little

as
e

xtra
in

k
and

a
few

notebook
pages)

b
u

t
m

ay
be

c
ritic

a
l

to
th

e
in

te
rp

re
ta

tio
n

o
f

re
s
u

lts
.

C
onsider

th
e

case
o

f
an

is
o

la
te

d
p

o
p

u
la

tio
n

o
ccu

p
yin

g
o

n
ly

one
h

e
cta

re
.

The
p

o
p

u
la

tio
n

is
co

n
sid

e
re

d
endangered

and
a

p
ro

p
o

sa
l

to
cre

a
te

a
10,000

h
e

cta
re

re
se

rve
fo

r
th

e
sp

e
cie

s
is

m
ade.

It
m

ay
be

th
a

t
th

e
p

o
p

u
la

tica
w

as
lim

ite
d

by
la

ck
o

f
a

p
a

rtic
u

la
r

re
so

u
rce

,
perhaps

h
a

b
ita

t
w

ith
co

ve
r

fo
r

ju
v
e

n
ile

s
.

In
th

a
t

case
a

10,000
h

e
cta

re
re

se
rve

n
o

t
co

n
ta

in
in

g
a

o
re

o
f

th
e

re
so

u
rce

w
ould

have
o

n
ly

h
a

lf
th

e
p

o
te

n
tia

l
fo

r
re

co
ve

ry
as

a
10,001

h
e

cta
re

re
se

rve
th

a
t

co
n

ta
in

e
d

an
a

d
d

itio
n

a
l

one
h

e
cta

re
o

f
th

e
re

so
u

rce
.

A
lte

rn
a

tiv
e

ly
,

a
5

h
e

cta
re

re
se

rve
o

f
a

d
iffe

re
n

t
shape

m
ig

h
t

be
e

q
u

a
lly

e
ffe

c
tiv

e
and

m
ore

lik
e

ly
to

g
a

in
le

g
is

la
tiv

e
a

p
p

ro
va

l.

B
a

sic
to

any
sa

m
p

lin
g

program
is

th
a

t
su

rve
ys

be
Q

b
je

c
tiv

e
,

u
n

b
ia

se
d

,
and

re
p

lira
te

d
.

O
b

je
ctive

m
eans

as
in

d
e

p
e

n
d

e
n

t
o

f
the

o
b

se
rve

r
as

p
o

s
s
ib

le
.

U
nbiased

m
eans

n
o

t
su

b
je

ct
to

syste
m

a
tic

e
rro

r.
R

e
p

lica
te

d
in

d
ic

a
te

s
th

a
t

a
va

ria
n

ce
e

stim
a

te
can

be
m

ade.
In

re
a

lity
no

system
o

f
su

rve
y

is
to

ta
lly

o
b

je
c
tiv

e
o

r
u

n
b

ia
se

d
,

and
it

is
o

fte
n

d
iffic

u
lt

to
a

ch
ie

ve
s
u

ffic
ie

n
t

re
p

lic
a

tio
n

,
e

s
p

e
c
ia

lly
w

hen
it

is
n

e
ce

ssa
ry

to
s
tra

tify
by

h
a

b
ita

t.
N

e
ve

rth
e

le
ss,

a
little

th
o

u
g

h
t

a
t

th
e

p
la

n
n

in
g

stage
can

save
a

lo
t

o
f

headaches
la

te
r

on
and

g
re

a
tly

in
cre

a
se

th
e

u
tility

o
f

th
e

re
s
u

lts
.

In
th

e
fo

llo
w

in
g

se
ctio

n
I

w
ill

re
vie

w
m

ost
o

f
the

te
ch

n
iq

u
e

s
th

a
t

have
been

used
in

su
rve

yin
g

fo
r

c
ro

c
o

d
ilia

n
s
.

N
one

is
n

e
c
e

s
s
a

rily
b

e
tte

r
th

a
n

the
o

th
e

rs,
though

som
e

a
re

a
p

p
lic

a
b

le
o

ve
r

a
w

id
e

r
range

o
f

c
o

n
d

itio
n

s
.

The
w

ould—
be

su
rve

yo
r

needs
to

lo
o

k
fo

r
s
im

ila
ritie

s
betw

een
h

is
s
itu

a
tio

n
and

th
a

t
d

e
scrib

e
d

in
term

s
o

f
h

a
b

ita
t.

re
so

u
rce

s,
and

the
b

io
lo

g
y

o
f

th
e

sp
e

cie
s.

A
m

ore
g

e
n

e
ra

l
d

iscu
ssio

n
cf

p
la

n
n

in
g

th
e

survey
is

g
ive

n
in

th
e

fin
a

l
s
e

c
tio

n
.

M
ETHODS

OF
SURVEY

In
te

rvie
w

s
and

O
pportune

P
e

rso
n

a
l

O
b

se
rva

tio
n

s

In
te

rv
ie

w
s

and
o

p
p

o
rtu

n
e

p
e

rso
n

a
l

o
b

se
rva

tio
n

s
are

u
s
u

a
lly

th
e

le
a

s
t

p
re

fe
rre

d
m

ethods
o

f
o

b
ta

in
in

g
in

fo
rm

a
tio

n
,

as
b

o
th

m
ethods

are
lik

e
ly

to
be

s
u

b
je

c
tiv

e
,

b
ia

se
d

,
and

u
n

re
p

lic
a

b
le

.
H

ow
ever,

th
e

y
are

cheap
and

are
fre

q
u

e
n

tly
used

by
b

io
lo

g
is

ts
to

o
b

ta
in

in
fo

rm
a

tio
n

w
h

ile
v
is

itin
g

an
area

fo
r

o
th

e
r

reasons
(M

oore
1953;

C
harnock—

W
ilson

1970;
A

bercrom
bie

1978;
W

h
ita

ke
r

and
W

h
ita

ke
r

1978)
o

r
to

augm
ent

m
ore

d
e

ta
ile

d
stu

d
ie

s
(P

a
rke

r
and

W
atson

1
9

7
0

).
S

om
etim

es
the

re
s
u

lts
are

so
d

ra
m

a
tic

a
lly

o
b

vio
u

s
th

a
t

d
e

cisio
n

s
can

be
based

d
ire

c
tly

on
them

.
Joanen

(1974)
w

as
a

b
le

to
e

s
ta

b
lis

h
th

e
g

e
n

e
ra

l
d

is
trib

u
tio

n
and

tre
n

d
s

in
num

bers
o

f
a

llig
a

to
rs

in
th

e
so

u
th

e
rn

U
.S

.A
.

fro
m

a
d

e
ta

ile
d

q
u

e
stio

n
n

a
ire

se
n

t
to

a
ll

w
ild

life
a

g
e

n
cie

s
in

the
a

re
a

;
M

organ
and

P
a

tto
n

(1979)
e

sta
b

lish
e

d
,

on
th

e
b

a
sis

o
f

la
c
k

o
f

re
co

rd
s,

th
a

t
C

.
a

cu
tu

s
had

been
e

x
tirp

a
te

d
from

th
e

C
aym

an
Isla

n
d

s;
and

the
s
ta

ff
o

f
th

e
M

adras
S

nake
P

ark
w

ere
a

b
le

to
show

by
5000

m
ile

s
o

f
su

rve
y

(in
te

rv
ie

w
s

and
o

p
p

o
rtu

n
e

o
b

se
rva

tio
n

s)
w

hich
re

ve
a

le
d

o
n

ly
6

a
n

im
a

ls
th

a
t

th
e

g
h

a
ria

l
had

been
reduced

to
c
ritic

a
l

le
v
e

ls
(W

h
ita

ke
r

1
9

7
5

).
O

fte
n

in
te

rv
ie

w
s

are
u

s
e

fu
l

to
expose

p
u

b
lic

a
ttitu

d
e

s
to

c
ro

c
o

d
ilia

n
s

and
have

been
used

s
o

le
ly

fo
r

th
is

purpose
(H

in
e

s
and

S
ch

e
a

ffe
r

1
9

7
7

).

W
hatever

th
e

ir
m

e
rits

as
su

rve
y

te
ch

n
iq

u
e

s
in

som
e

s
itu

a
tio

n
s
,

in
te

rv
ie

w
s

and
o

p
p

o
rtu

n
e

p
e

rso
n

a
l

o
b

se
rva

tio
n

s
w

ill
g

e
n

e
ra

lly
be

used
by

re
se

a
rch

e
rs

a
d

d
re

ssin
g

a
s
p

e
c
ific

problem
o

n
ly

as
a

m
eans

to
id

e
n

tify
a

p
p

ro
p

ria
te

stu
d

y
areas

in
p

re
p

a
ra

tio
n

fo
r

th
e

use
o

f
one

o
f

th
e

fo
llo

w
in

g
,

m
ore

d
e

ta
ile

d
,

te
ch

n
iq

u
e

s.

D
a

ylig
h

t
G

round
C

ounts

D
a

ylig
h

t
ground

(fo
o

t,
b

o
a

t,
o

r
ca

r)
su

rve
ys

o
f

c
ro

c
o

d
ilia

n
s

g
e

n
e

ra
lly

re
ve

a
l

o
n

ly
a

sm
a

ll
p

e
rce

n
ta

g
e

o
f

th
e

p
o

p
u

la
tio

n
(G

raham
1968).

C
hapm

an
(1970)

has
e

stim
a

te
d

th
a

t
p

e
rce

n
ta

g
e

as
20—

50%
fo

r
C

rocodylus
n

ilo
tic

u
s
,

b
u

t
th

e
re

have
been

no
d

e
ta

ile
d

stu
d

ie
s

and
it

w
ill

su
re

ly
va

ry
betw

een
sp

e
cie

s
and

h
a

b
ita

ts
.

In
g

e
n

e
ra

l
such

te
ch

n
iq

u
e

s
are

used
o

n
ly

w
hen

som
e

a
sp

e
ct

o
f

th
e

b
io

lo
g

y
o

f
th

e
a

n
im

a
l

m
akes

th
e

p
o

p
u

la
tio

n
,

o
r

a
subset

o
f

th
e

p
o

p
u

la
tio

n
,

abm
orm

ally
in

d
iffe

re
n

t
to

e
xp

o
su

re
.

C
.

n
ilo

tic
u

s
in

som
e

areas
is

e
x
c
e

p
tio

n
a

lly
easy

to
co

u
n

t
d

u
rin

g
th

e
b

re
e

d
in

g
season,

as
a

ll
m

ature
a

d
u

lts
co

n
g

re
g

a
te

on
a

few
beaches.

M
odha

(1
9

6
7

)
gave

d
e

ta
ils

o
f

n
e

stin
g

co
n

g
re

g
a

tio
n

s
on

C
e

n
tra

l
Is

la
n

d
,

Lake
R

u
d

o
lf,

and
P

ooley
(1969)

d
e

scrib
e

d
th

e
co

n
ce

n
tra

tio
n

o
f

m
ature

c
ro

c
o

d
ile

s
in

Lake
S

t.
L

u
cia

(45
m

ile
s

lo
n

g
)

o
n

to
1

1
/2

m
ile

s
o

f
n

e
stin

g
beaches.

In
ch

a
u

ste
g

u
i

e
t

a
l.

(1980)
re

p
o

rte
d

s
im

ila
r

b
re

e
d

in
g

a
g

g
re

g
a

tio
n

s
o

f
C

.
a

cu
tu

s
in

the
D

om
inican

R
e

p
u

b
lic.

Thom
pson

and
G

idden
(1972)

counted
A

llig
a

to
r

m
is

s
is

s
ip

p
ie

n
s
is

b
a

skin
g

d
u

rin
g

th
e

firs
t

sp
rin

g
w

arm
s
p

e
ll

in
n

o
rth

e
rn

F
lo

rid
a

.
C

o
tt

(1968)
re

p
o

rte
d

ground
co

u
n

ts
o

f
n

e
stin

g
C

.
n

ilo
tic

u
s

b
u

t
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A
ll

to
o

o
fte

n
th

e
re

s
u

lts
o

f
a

su
rve

y
a

re
p

re
se

n
:e

d
as

th
e

num
ber

seen,
o

r
som

etim
es,

m
ore

a
m

b
itio

u
s
ly

,
as

th
e

a
b

so
lu

te
num

ber
o

f
a

n
im

a
ls

p
re

se
n

t.
E

ven
if

th
e

re
s
u

lts
a

re
ta

ke
n

a
t

fa
ce

va
lu

e
,

th
e

ir
s
ig

n
ific

a
n

c
e

is
lik

e
ly

to
be

h
o

tly
d

e
b

a
te

d
.

E
xcept

in
th

e
case

of
extrem

es
(e

.g
.

none
o

r
m

illio
n

s
),

w
e

need
m

ore
b

a
sic

b
io

lo
g

ic
a

l
in

fo
rm

a
tio

n
in

o
rd

e
r

to
m

ake
in

fo
rm

e
d

d
e

c
is

io
n

s
:

(1
)

p
o

p
u

la
tio

n
a

g
e

/size
s
tru

c
tu

re
;

(2
)

d
is

trib
u

tio
n

o
f

p
o

p
u

la
tio

n
,

s
tra

tifie
d

by
size

and
se

x,
am

ongst
h

a
b

ita
ts

;
(3

)
d

is
trib

u
tio

n
o

f
h

a
b

ita
ts

in
th

e
area

su
rve

ye
d

.

W
hen

th
e

b
io

lo
g

y
o

f
th

e
sp

e
cie

s
is

a
lre

a
d

y
fa

irly
w

ell,
know

n
w

e
can

som
etim

es
stre

a
m

lin
e

th
e

follow
—

up
su

rve
ys

by
co

n
ce

n
tra

tio
n

on
a

c
ritic

a
l,

o
r

re
p

re
s
e

n
ta

tiv
e

,
segm

ent
o

f
th

e
p

o
p

u
la

tio
n

.
T

h
is

c.an
be

u
s
e

fu
l

as
it

m
ay

a
llo

w
us

to
use

a
rtifa

c
ts

(su
ch

as
n

e
sts

o
r

trac)~S
)

to
m

o
n

ito
r

th
e

p
o

p
u

la
tio

n
,

so
re

d
u

cin
g

in
te

rfe
re

n
c
e

a
n

d
/o

r
expense.

In
g

e
n

e
ra

l,
th

e
c
o

lle
c
tio

n
o

f
a

d
d

itio
n

a
l

b
io

lo
g

ic
a

l
in

fo
rm

a
tio

n
adds

ve
ry

little
co

st
to

th
e

su
rve

y
(o

fte
n

as
little

as
e

xtra
in

k
and

a
few

notebook
pages)

b
u

t
m

ay
be

c
ritic

a
l

to
th

e
in

te
rp

re
ta

tio
n

o
f

re
s
u

lts
.

C
onsider

th
e

case
o

f
an

is
o

la
te

d
p

o
p

u
la

tio
n

o
ccu

p
yin

g
o

n
ly

one
h

e
cta

re
.

The
p

o
p

u
la

tio
n

is
co

n
sid

e
re

d
endangered

and
a

p
ro

p
o

sa
l

to
cre

a
te

a
10,000

h
e

cta
re

re
se

rve
fo

r
th

e
sp

e
cie

s
is

m
ade.

It
m

ay
be

th
a

t
th

e
p

o
p

u
la

tica
w

as
lim

ite
d

by
la

ck
o

f
a

p
a

rtic
u

la
r

re
so

u
rce

,
perhaps

h
a

b
ita

t
w

ith
co

ve
r

fo
r

ju
v
e

n
ile

s
.

In
th

a
t

case
a

10,000
h

e
cta

re
re

se
rve

n
o

t
co

n
ta

in
in

g
a

o
re

o
f

th
e

re
so

u
rce

w
ould

have
o

n
ly

h
a

lf
th

e
p

o
te

n
tia

l
fo

r
re

co
ve

ry
as

a
10,001

h
e

cta
re

re
se

rve
th

a
t

co
n

ta
in

e
d

an
a

d
d

itio
n

a
l

one
h

e
cta

re
o

f
th

e
re

so
u

rce
.

A
lte

rn
a

tiv
e

ly
,

a
5

h
e

cta
re

re
se

rve
o

f
a

d
iffe

re
n

t
shape

m
ig

h
t

be
e

q
u

a
lly

e
ffe

c
tiv

e
and

m
ore

lik
e

ly
to

g
a

in
le

g
is

la
tiv

e
a

p
p

ro
va

l.

B
a

sic
to

any
sa

m
p

lin
g

program
is

th
a

t
su

rve
ys

be
Q

b
je

c
tiv

e
,

u
n

b
ia

se
d

,
and

re
p

lira
te

d
.

O
b

je
ctive

m
eans

as
in

d
e

p
e

n
d

e
n

t
o

f
the

o
b

se
rve

r
as

p
o

s
s
ib

le
.

U
nbiased

m
eans

n
o

t
su

b
je

ct
to

syste
m

a
tic

e
rro

r.
R

e
p

lica
te

d
in

d
ic

a
te

s
th

a
t

a
va

ria
n

ce
e

stim
a

te
can

be
m

ade.
In

re
a

lity
no

system
o

f
su

rve
y

is
to

ta
lly

o
b

je
c
tiv

e
o

r
u

n
b

ia
se

d
,

and
it

is
o

fte
n

d
iffic

u
lt

to
a

ch
ie

ve
s
u

ffic
ie

n
t

re
p

lic
a

tio
n

,
e

s
p

e
c
ia

lly
w

hen
it

is
n

e
ce

ssa
ry

to
s
tra

tify
by

h
a

b
ita

t.
N

e
ve

rth
e

le
ss,

a
little

th
o

u
g

h
t

a
t

th
e

p
la

n
n

in
g

stage
can

save
a

lo
t

o
f

headaches
la

te
r

on
and

g
re

a
tly

in
cre

a
se

th
e

u
tility

o
f

th
e

re
s
u

lts
.

In
th

e
fo

llo
w

in
g

se
ctio

n
I

w
ill

re
vie

w
m

ost
o

f
the

te
ch

n
iq

u
e

s
th

a
t

have
been

used
in

su
rve

yin
g

fo
r

c
ro

c
o

d
ilia

n
s
.

N
one

is
n

e
c
e

s
s
a

rily
b

e
tte

r
th

a
n

the
o

th
e

rs,
though

som
e

a
re

a
p

p
lic

a
b

le
o

ve
r

a
w

id
e

r
range

o
f

c
o

n
d

itio
n

s
.

The
w

ould—
be

su
rve

yo
r

needs
to

lo
o

k
fo

r
s
im

ila
ritie

s
betw

een
h

is
s
itu

a
tio

n
and

th
a

t
d

e
scrib

e
d

in
term

s
o

f
h

a
b

ita
t.

re
so

u
rce

s,
and

the
b

io
lo

g
y

o
f

th
e

sp
e

cie
s.

A
m

ore
g

e
n

e
ra

l
d

iscu
ssio

n
cf

p
la

n
n

in
g

th
e

survey
is

g
ive

n
in

th
e

fin
a

l
s
e

c
tio

n
.

M
ETHODS

OF
SURVEY

In
te

rvie
w

s
and

O
pportune

P
e

rso
n

a
l

O
b

se
rva

tio
n

s

In
te

rv
ie

w
s

and
o

p
p

o
rtu

n
e

p
e

rso
n

a
l

o
b

se
rva

tio
n

s
are

u
s
u

a
lly

th
e

le
a

s
t

p
re

fe
rre

d
m

ethods
o

f
o

b
ta

in
in

g
in

fo
rm

a
tio

n
,

as
b

o
th

m
ethods

are
lik

e
ly

to
be

s
u

b
je

c
tiv

e
,

b
ia

se
d

,
and

u
n

re
p

lic
a

b
le

.
H

ow
ever,

th
e

y
are

cheap
and

are
fre

q
u

e
n

tly
used

by
b

io
lo

g
is

ts
to

o
b

ta
in

in
fo

rm
a

tio
n

w
h

ile
v
is

itin
g

an
area

fo
r

o
th

e
r

reasons
(M

oore
1953;

C
harnock—

W
ilson

1970;
A

bercrom
bie

1978;
W

h
ita

ke
r

and
W

h
ita

ke
r

1978)
o

r
to

augm
ent

m
ore

d
e

ta
ile

d
stu

d
ie

s
(P

a
rke

r
and

W
atson

1
9

7
0

).
S

om
etim

es
the

re
s
u

lts
are

so
d

ra
m

a
tic

a
lly

o
b

vio
u

s
th

a
t

d
e

cisio
n

s
can

be
based

d
ire

c
tly

on
them

.
Joanen

(1974)
w

as
a

b
le

to
e

s
ta

b
lis

h
th

e
g

e
n

e
ra

l
d

is
trib

u
tio

n
and

tre
n

d
s

in
num

bers
o

f
a

llig
a

to
rs

in
th

e
so

u
th

e
rn

U
.S

.A
.

fro
m

a
d

e
ta

ile
d

q
u

e
stio

n
n

a
ire

se
n

t
to

a
ll

w
ild

life
a

g
e

n
cie

s
in

the
a

re
a

;
M

organ
and

P
a

tto
n

(1979)
e

sta
b

lish
e

d
,

on
th

e
b

a
sis

o
f

la
c
k

o
f

re
co

rd
s,

th
a

t
C

.
a

cu
tu

s
had

been
e

x
tirp

a
te

d
from

th
e

C
aym

an
Isla

n
d

s;
and

the
s
ta

ff
o

f
th

e
M

adras
S

nake
P

ark
w

ere
a

b
le

to
show

by
5000

m
ile

s
o

f
su

rve
y

(in
te

rv
ie

w
s

and
o

p
p

o
rtu

n
e

o
b

se
rva

tio
n

s)
w

hich
re

ve
a

le
d

o
n

ly
6

a
n

im
a

ls
th

a
t

th
e

g
h

a
ria

l
had

been
reduced

to
c
ritic

a
l

le
v
e

ls
(W

h
ita

ke
r

1
9

7
5

).
O

fte
n

in
te

rv
ie

w
s

are
u

s
e

fu
l

to
expose

p
u

b
lic

a
ttitu

d
e

s
to

c
ro

c
o

d
ilia

n
s

and
have

been
used

s
o

le
ly

fo
r

th
is

purpose
(H

in
e

s
and

S
ch

e
a

ffe
r

1
9

7
7

).

W
hatever

th
e

ir
m

e
rits

as
su

rve
y

te
ch

n
iq

u
e

s
in

som
e

s
itu

a
tio

n
s
,

in
te

rv
ie

w
s

and
o

p
p

o
rtu

n
e

p
e

rso
n

a
l

o
b

se
rva

tio
n

s
w

ill
g

e
n

e
ra

lly
be

used
by

re
se

a
rch

e
rs

a
d

d
re

ssin
g

a
s
p

e
c
ific

problem
o

n
ly

as
a

m
eans

to
id

e
n

tify
a

p
p

ro
p

ria
te

stu
d

y
areas

in
p

re
p

a
ra

tio
n

fo
r

th
e

use
o

f
one

o
f

th
e

fo
llo

w
in

g
,

m
ore

d
e

ta
ile

d
,

te
ch

n
iq

u
e

s.

D
a

ylig
h

t
G

round
C

ounts

D
a

ylig
h

t
ground

(fo
o

t,
b

o
a

t,
o

r
ca

r)
su

rve
ys

o
f

c
ro

c
o

d
ilia

n
s

g
e

n
e

ra
lly

re
ve

a
l

o
n

ly
a

sm
a

ll
p

e
rce

n
ta

g
e

o
f

th
e

p
o

p
u

la
tio

n
(G

raham
1968).

C
hapm

an
(1970)

has
e

stim
a

te
d

th
a

t
p

e
rce

n
ta

g
e

as
20—

50%
fo

r
C

rocodylus
n

ilo
tic

u
s
,

b
u

t
th

e
re

have
been

no
d

e
ta

ile
d

stu
d

ie
s

and
it

w
ill

su
re

ly
va

ry
betw

een
sp

e
cie

s
and

h
a

b
ita

ts
.

In
g

e
n

e
ra

l
such

te
ch

n
iq

u
e

s
are

used
o

n
ly

w
hen

som
e

a
sp

e
ct

o
f

th
e

b
io

lo
g

y
o

f
th

e
a

n
im

a
l

m
akes

th
e

p
o

p
u

la
tio

n
,

o
r

a
subset

o
f

th
e

p
o

p
u

la
tio

n
,

abm
orm

ally
in

d
iffe

re
n

t
to

e
xp

o
su

re
.

C
.

n
ilo

tic
u

s
in

som
e

areas
is

e
x
c
e

p
tio

n
a

lly
easy

to
co

u
n

t
d

u
rin

g
th

e
b

re
e

d
in

g
season,

as
a

ll
m

ature
a

d
u

lts
co

n
g

re
g

a
te

on
a

few
beaches.

M
odha

(1
9

6
7

)
gave

d
e

ta
ils

o
f

n
e

stin
g

co
n

g
re

g
a

tio
n

s
on

C
e

n
tra

l
Is

la
n

d
,

Lake
R

u
d

o
lf,

and
P

ooley
(1969)

d
e

scrib
e

d
th

e
co

n
ce

n
tra

tio
n

o
f

m
ature

c
ro

c
o

d
ile

s
in

Lake
S

t.
L

u
cia

(45
m

ile
s

lo
n

g
)

o
n

to
1

1
/2

m
ile

s
o

f
n

e
stin

g
beaches.

In
ch

a
u

ste
g

u
i

e
t

a
l.

(1980)
re

p
o

rte
d

s
im

ila
r

b
re

e
d

in
g

a
g

g
re

g
a

tio
n

s
o

f
C

.
a

cu
tu

s
in

the
D

om
inican

R
e

p
u

b
lic.

Thom
pson

and
G

idden
(1972)

counted
A

llig
a

to
r

m
is

s
is

s
ip

p
ie

n
s
is

b
a

skin
g

d
u

rin
g

th
e

firs
t

sp
rin

g
w

arm
s
p

e
ll

in
n

o
rth

e
rn

F
lo

rid
a

.
C

o
tt

(1968)
re

p
o

rte
d

ground
co

u
n

ts
o

f
n

e
stin

g
C

.
n

ilo
tic

u
s

b
u

t
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p
re

s
e

n
te

d
d

a
ta

th
a

t
in

d
ic

a
te

c
o

u
n

ts
fro

m
th

e
a

ir
(fix

e
d

—
w

in
g

a
irc

ra
ft)

re
v
e

a
l

a
g

re
a

te
r

p
ro

p
o

rtio
n

o
f

th
e

p
o

p
u

la
tio

n
.

T
he

o
n

ly
c
a

re
fu

lly
c
o

n
tro

lle
d

d
a

y
lig

h
t

g
ro

u
n

d
s
u

rv
e

y
s

o
f

c
ro

c
o

d
ilia

n
s

re
p

e
a

te
d

o
v
e

r
a

n
u

m
b

e
r

o
f

y
e

a
rs

se
e

n
to

be
th

o
s
e

o
f

P
o

o
le

y
(1

9
6

9
)

in
N

dum
u

G
am

e
P

e
se

rve
b

e
tw

e
e

n
th

e
y
e

a
rs

1962
and

1
9

6
8

.
H

is
d

a
ta

a
ls

o
d

e
m

o
n

s
tra

te
d

th
e

im
p

o
rta

n
c
e

o
f

ta
k
in

g
th

e
b
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lo

g
y

o
f

th
e

s
p

e
c
ie

s
in

to
a

c
c
o

u
n

t
d

u
rin

g
su

ch
s
u

rv
e

y
s
.

C
o

u
n

ts
d

u
rin

g
w

in
te

r
w

hen
a

g
re

a
te

r
p

ro
p

o
rtio

n
o

f
th

e
c
ro

c
o

d
ile

s
w

e
re

b
a

s
k
in

g
on

m
ud

b
a

n
ks

w
e

re
c
o

n
s
is

te
n

tly
m

uch
h

ig
h

e
r

th
a

n
th

o
se

u
n

d
e

rta
k
e

n
d

u
rin

g
sum

m
er.

In
su

m
m

a
ry,

d
a

y
lig

h
t

g
ro

u
n

d
c
o

u
n

ts
g

e
n

e
ra

lly
re

v
e

a
l

o
n

ly
a

fra
c
tio

n
o

f
th

e
p

o
p

u
la

tio
n

,
b

u
t

m
ay

be
u

se
d

e
ffe

c
tiv

e
ly

b
y

a
b

io
lo

g
is

t
w

ho
a

lre
a

d
y

h
a

s
a

fa
irly

in
tim

a
te

kn
o

w
le

d
g

e
o

f
th

e
b

io
lo

g
y

o
f

th
e

s
p

e
c
ie

s
.

~
h

t
~

fro
m

A
irc

ra
ft

M
o

st
o

f
th

e
sam

e
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m
ents

a
p

p
ly

to
th

is
te

c
h

n
iq

u
e

as
to

d
a

y
lig

h
t

g
ro

u
n

d
s
u

rv
e

y
s
.

T
he

te
c
h

n
iq

u
e

h
a

s
its

g
re

a
te

s
t

v
a

lu
e

in
h

a
b

ita
ts

w
ith

o
u

t
ta

ll
v
e

g
e

ta
tio

n
th

a
t

h
id

e
s

c
ro

c
o

d
ilia

n
s

fro
m

v
ie

w
.

T
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o
n

ly
d

ire
c
t

c
o

m
p

a
ris

o
n

o
f

d
a

y
lig

h
t

g
ro

u
n

d
c
o

u
n

ts
w

ith
c
o

u
n

ts
fro

m
th

e
a

ir
seem

s
to

be
th

a
t

o
f

C
o

tt
(1

9
6

8
)

w
h

ic
h

in
d

ic
a

te
s

th
a

t
a

e
ria

l
c
o

u
n

ts
a

re
m

ore
e

ffe
c
tiv

e
.

W
here

a
p

p
lic

a
b

le
,

a
e

ria
l

c
o

u
n

ts
w

o
u

ld
p

ro
b

a
b

ly
a

lw
a

ys
be

p
re

fe
ra

b
le

b
e

ca
u

se
o

f
th

e
ir

sp
e

e
d

and
re

p
lic

a
b

ility
.

D
a

ta
fro

m
G

raham
(1

9
6

8
)

a
n

d
P

a
rk

e
r

a
n

d
W

a
tso

n
(1

9
7

0
)

in
d

ic
a

te
th

a
t

d
a

y
lig

h
t

c
o

u
n

ts
fro

m
a

irc
ra

ft
re

c
o

rd
o

n
ly

a
s
m

a
ll

p
ro

p
o

rtio
n

o
f

th
e

a
n

im
a

ls
th

a
t

a
re

re
v
e

a
le

d
by

n
ig

h
t

s
p

o
tlig

h
t

c
o

u
n

ts
,a

n
d

th
a

t
th

e
d

a
y
lig

h
t

c
o

u
n

ts
fro

m
a

!rc
ra

ft
a

re
s
tro

n
g

ly
b

ia
s
e

d
a

g
a

in
s
t

s
m

a
ll

a
n

im
a

ls
.

G
raham

a
tte

m
p

te
d

to
u

se
a

e
ria

l
p

h
o

to
g

ra
p

h
y

to
ce

n
su

s
b

u
t

fo
u

n
d

th
a

t
s
u

ita
b

le
w

e
a

th
e

r
c
o

n
d

itio
n

s
w

e
re

n
o

t
s
u

ffic
ie

n
tly

fre
q

u
e

n
t

to
ju

s
tify

its
u

s
e

.
P

a
rk

e
r

and
W

a
tso

n
(1

9
7

0
)

s
u

c
c
e

s
s
fu

lly
s
u

rv
e

y
e

d
p

a
rt

o
f

th
e

V
ic

to
ria

N
ile

u
s
in

g
a

e
ria

l
p

h
o

to
g

ra
p

h
y

and
by

u
se

o
f

s
ta

n
d

a
rd

iz
e

d
le

n
g

th
m

a
rke

rs
a

n
ch

o
re

d
n

e
a

r
sh

o
re

w
e

re
a

b
le

to
e

s
tim

a
te

th
e

s
iz

e
s

o
f

th
e

c
ro

c
o

d
ile

s
a

p
p

e
a

rin
g

in
th

e
p

h
o

to
g

ra
p

h
s
.

U
n

fo
rtu

n
a

te
ly

th
e

re
w

as
a

n
o

b
v
io

u
s
ly

v
e

ry
la

rg
e

,
b

u
t

u
n

m
e

a
su

ra
b

le
,

b
ia

s
a

g
a

in
s
t

som
e

s
iz

e
c
la

s
s
e

s
,

m
a

kin
g

th
e

ir
p

o
s
tu

la
te

d
s
iz

e
s
tru

c
tu

re
o

f
th

e
p

o
p

u
la

tio
n

so
h

y
p

o
th

e
tic

a
l

as
to

be
o

f
little

p
ra

c
tic

a
l

u
s
e

.

T
he

c
h

o
ic

e
b

e
tw

e
e

n
u

se
o

f
a

h
e

lic
o

p
te

r
o

r
a

fix
e

d
,

h
ig

h
—

w
in

g
a

irc
ra

ft
la

rg
e

ly
d

e
p

e
n

d
s

o
n

c
o

s
t.

O
ne

w
o

u
ld

e
x
p

e
c
t

to
see

m
ore

a
n

im
a

ls
a

t
s
lo

w
e

r
sp

e
e

d
s

b
u

t
th

is
m

u
st

be
w

e
ig

h
e

d
a

g
a

in
s
t

th
e

m
o

re
fre

q
u

e
n

t
m

a
in

te
n

a
n

c
e

,
le

s
s

p
e

rs
o

n
a

l
s
a

fe
ty

,
a

n
d

h
ig

h
e

r
o

p
e

ra
tio

n
a

l
c
o

s
ts

in
a

h
e

lic
o

p
te

r.
In

a
n

y
ca

se
P

a
rk

e
r

a
n

d
W

a
tso

n
(1

9
7

0
)

re
p

o
rte

d
no

s
ig

n
ific

a
n

t
d

iffe
re

n
c
e

s
in

th
e

c
o

u
n

ts
o

b
ta

in
e

d
fro

m
lig

h
t

a
irc

ra
ft

and
fro

m
h

e
lic

o
p

te
rs

s
u

rv
e

y
in

g
th

e
sam

e
a

re
a

s
fo

r
C

.
n

ilo
tic

u
s
.

G
e

n
e

ra
l

a
e

ro
n

a
u

tic
a

l
a

s
p

e
c
ts

o
f

s
u

rv
e

y
by

fixe
d

—
w

in
g

a
irc

ra
ft

h
a

ve
b

e
e

n
re

v
ie

w
e

d
b

y
G

rig
g

(1
9

7
9

).

N
ig

h
t

C
o

u
n

ts

C
o

u
n

tin
g

a
t

n
ig

h
t,

u
s
u

a
lly

fro
m

a
b

o
a

t,
w

ith
th

e
a

id
o

f
a

s
p

o
tlig

h
t

is
th

e
m

o
st

w
id

e
ly

u
se

d
m

e
th

o
d

o
f

c
e

n
s
u

s
in

g
c
ro

c
o

d
ilia

n
s
.

T
he

re
fle

c
tiv

e
ta

p
e

tu
m

o
f

a
c
ro

c
o

d
ilia

n
’s

e
ye

g
lo

w
s

re
d

im
a

s
p

o
tlig

h
t

and
ca

n
be

seen
fo

r
a

c
o

n
s
id

e
ra

b
le

d
is

ta
n

c
e

.
T

h
is

is
th

e
m

e
th

o
d

m
o

st
com

m
only

u
se

d
fo

r
in

te
n

s
iv

e
p

o
a

c
h

in
g

,
and

th
e

re
fo

re
th

e
m

e
th

o
d

d
ire

c
tly

m
e

a
su

re
s

th
e

h
u

n
te

d
p

o
p

u
la

tio
n

.
T

he
b

ia
s
e

s
due

to
a

n
im

a
ls

le
a

rn
in

g
to

a
v
o

id
th

e
s
p

o
tlig

h
t

u
n

d
e

r
h

e
a

vy
h

u
n

tin
g

p
re

s
s
u

re
m

ay
re

d
u

ce
th

e
n

u
m

b
e

r
se

e
n

,
b

u
t

th
is

is
im

p
o

rta
n

t
m

a
in

ly
w

ith
o

ld
e

r,
m

ore
e

x
p

e
rie

n
c
e

d
,

age
g

ro
u

p
s
.

T
he

m
e

th
o

d
fre

q
u

e
n

tly
h

a
s

b
e

e
n

u
se

d
to

m
o

n
ito

r
h

u
n

te
d

p
o

p
u

la
tio

n
s

(e
.g

.
C

h
a

b
re

ck
1

9
7

6
;

O
n

io
n

s
th

is
vo

lu
m

e
)

and
fo

r
s
u

rv
e

y
s

o
f

s
ta

tu
s

(e
.g

.
C

a
m

p
b

e
ll

1
9

7
2

;
G

raham
1

9
6

8
;

M
e

sse
l

e
t

a
l.

1
9

7
8

;
P

a
rk

e
r

and
W

a
tso

n
1

9
7

0
;

P
e

rn
e

tta
and

B
u

rg
lm

1
9

8
0

).
T

he
p

ro
p

o
rtio

n
seem

v
a

rie
s

w
ith

h
a

b
ita

t,
w

a
te

r
le

v
e

l,
a

n
d

w
e

a
th

e
r

c
o

n
d

itio
n

s
.

M
e

sse
l

e
t

a
l.

(in
p

re
s
s
)

e
s
tim

a
te

d
60—
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r
tid

a
l

riv
e

r
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m
s
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n

o
rth

e
rn

A
u

s
tra

lia
,

b
u

t
fre

q
u

e
n
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e
re

s
e

a
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h
e

r
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e
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”
th

a
t

he
is

s
e

e
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g
a

v
e

ry
h

ig
h

p
e
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n
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(e
.g
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G
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9
6

8
;

C
hapm

an
1

9
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F
o

r
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u
p
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som
e

s
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a
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n
s
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e

p
e
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e

n
ta

g
e
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n
m
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v
e

ry
h

ig
h
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S
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n
and

D
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n
1

9
7
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M
a

g
n

u
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n
1

9
8

1
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b
u

t
g

e
n

e
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lly
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s
a

fe
r
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e
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a
t

a
s
ig
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t
p
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n
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b
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g
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e
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n
s
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n
t

b
y

s
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n
d
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iz
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c
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h
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b
re
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M

a
rk—

re
ca
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c
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c
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M
e
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c
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b
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d
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p
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b
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u
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M

a
rio

n
(1

9
7

9
)

e
v
a

lu
a

te
d

th
e

fa
c
to

rs
a

ffe
c
tin

g
n

ig
h

t
c
o

u
n

ts
o

f
A

llig
a

to
r

m
is

s
is

s
ip

p
ie

n
s
is

in
la

k
e

s
in

F
lo

rid
a

,
U

.S
.A

.
D

iffe
re

n
t

m
e

th
o

d
s

o
f

s
u

rv
e

y
a

re
a

p
p

lic
a

b
le

in
d

iffe
re

n
t

a
re

a
s
.

M
a

g
n

u
sso

n
(1

9
7

9
)

and
S

ta
to

n
and

D
ixo

n
(1

9
7

5
)

u
se

d
fo

o
t

ra
th

e
r

th
a

n
b

o
a

t
s
u

rv
e

y
s
,

and
P

a
rk

e
r

and
W

a
tso

n
(1

9
7

0
)

su
rve

ye
d

a
re

a
s

o
f

th
ic

k
p

a
p

yru
s

a
t

n
ig

h
t

fro
m

a
h

e
lic

o
p

te
r.

W
h

a
te

ve
r

th
e

m
ode

o
f

tra
n

s
p

o
rt,

th
e

n
o

rth
e

rn
A

u
s
tra

lia
n

and
F

lo
rid

a
s
tu

d
ie

s
g

iv
e

th
e

fa
c
to

rs
m

o
st

lik
e

ly
to

b
ia

s
th

e
re

s
u

lts
.

S
u

rve
ys

fo
r

A
rtifa

c
ts

T
he

tw
o

m
o

st
o

b
v
io

u
s

a
rtifa

c
ts

th
a

t
c
ro

c
o

d
ilia

n
s

le
a

v
e

a
re

m
a

rks
in

th
e

m
ud

o
r

sa
n

d
and

n
e

s
ts

.
Som

e
s
p

e
c
ie

s
,

n
o

ta
b

ly
A

.
m

is
s
is

s
ip

p
ie

n
s
is

,
c
a

ll
d

u
rin

g
th

e
b

re
e

d
in

g
se

a
so

n
,

and
on

th
o

se
o

c
c
a

s
io

n
s

w
hen

th
e

a
n

im
a

l
is

n
o

t
se

e
n

th
e

c
a

ll
a

ls
o

ca
n

be
re

g
a

rd
e

d
as

an
a

rtifa
c
t.

E
s
tim

a
te

s
o

f
n

u
m

b
e

rs
and

s
iz

e
s

o
f

c
ro

c
o

d
ilia

n
s

cam
be

m
ade

fro
m

fo
o

tp
rin

ts
(M

itc
h

e
ll

1
9

6
9

;
Joanem

1
9

6
9

)
and

ta
il

s
c
u

te
m

a
rks

(B
u

s
ta

rd
and

S
im

gh
1

9
7

7
),

b
u

t
th

e
u

tility
o

f
th

e
se

m
e

th
o

d
s

is
lim

ite
d

.
T

he
p

ro
p

o
rtio

n
o

f
a

n
im

a
ls

b
a

s
k
in

g
on

a
s
u

ita
b

le
s
u

b
s
tra

te
,

th
e

e
ffe

c
ts

o
f

se
a

so
n

and
d

is
tu

rb
a

n
c
e

on
b

a
s
k
in

g
b

e
h

a
v
io

r,
and

th
e

n
u

m
b

e
r

o
f

tim
e

s
and

p
la

c
e

s
an

a
n

im
a

l
w

ill
le

a
v
e

th
e

w
a

te
r

on
a

g
iv

e
n

d
a

y
a

re
la

rg
e

ly
u

n
kn

o
w

n
fo

r
m

o
st

s
p

e
c
ie

s
.

T
he

g
re

a
te

s
t

u
se

o
f

th
e

m
e

th
o

d
is

in
d

e
te

rm
in

in
g

th
e

p
re

se
n

ce
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(b
u

t
n

o
t

absence)
o

f
a

p
a

rtic
u

la
r

in
d

iv
id

u
a

l
o

r
cla

ss
o

f
in

d
iv

id
u

a
ls

w
hich

are
n

o
t

am
enable

to
o

th
e

r
m

ethods
o

f
su

rve
y.

O
bvious

exam
ples

are
la

rg
e

•lig
h

t
shy”

a
n

im
a

ls.
W

ebb
e

t
a

l.
(1977)

used
tra

cks
to

in
fe

r
th

e
presence

o
f

an
a

tte
n

d
a

n
t

a
d

u
lt

w
ith

a
group

o
f

h
a

tc
h

lin
g

s
even

though
th

e
a

d
u

lt
w

as
n

o
t

a
c
tu

a
lly

seen
w

ith
th

e
young.

C
habreck

(1966)
suggested

th
a

t
c
a

lls
o

f
m

ale
A

.
m

is
s
is

s
ip

p
ie

n
s
is

co
u

ld
be

used
to

g
ive

an
in

d
e

x
o

f
p

o
p

u
la

tio
n

d
e

n
s
ity

b
u

t
th

is
te

ch
n

iq
u

e
does

n
o

t
seem

to
have

been
used

e
x
te

n
s
iv

e
ly

.
P

ro
b

a
b

ly,
c
a

lls
,

lik
e

tra
c
k
s
,

are
m

ost
u

s
e

fu
l

to
in

d
ic

a
te

th
e

presence
o

f
la

rg
e

a
n

im
a

ls
th

a
t

cannot
be

surveyed
by

o
th

e
r

m
eans.

In
c
o

n
tra

s
t

to
m

arks
on

th
e

bank,
n

e
sts

o
f

m
ound

n
e

stin
g

sp
e

cie
s

are
easy

to
see

and
in

som
e

circu
m

sta
n

ce
s

can
be

re
la

te
d

to
a

know
n

o
r

e
stim

a
te

d
p

ro
p

o
rtio

n
o

f
th

e
p

o
p

u
la

tio
n

.
O

gden
(1978)

e
stim

a
te

d
th

e
num

ber
o

f
C

.
a

cu
tu

s
in

F
lo

rid
a

B
ay,

U
.S

.A
.,

from
th

e
know

n
num

ber
o

r
n

e
sts

th
a

t
had

been
lo

ca
te

d
o

ve
r

a
num

ber
o

f
ye

a
rs.

C
habreck

(1966)
e

stim
a

te
d

th
e

num
ber

o
f

A
.

m
is

s
is

s
ip

p
ie

n
s
is

on
R

o
c
k
fe

lle
r

R
efuge,

L
o

u
isia

n
a

,
fro

m
th

e
num

ber
o

f
n

e
sts

found
d

u
rin

g
1966.

P
ro

b
a

b
ly

th
e

m
ain

advantage
o

f
n

e
st

co
u

n
ts

is
th

a
t

fo
r

som
e

sp
e

cie
s,

in
som

e
h

a
b

ita
ts

,
th

e
y

can
be

done
from

th
e

a
ir

(e
.g

.
C

habreck
1966;

Joanen
1969;

G
oodw

in
and

M
a

rio
n

1978;
K

ushlan
and

K
u

sh
la

n
,

1
9

8
1

).
In

m
any

cases
su

rve
yin

g
fo

r
n

e
sts

m
ay

be
th

e
o

n
ly

fe
a

s
ib

le
m

ethod
o

f
m

o
n

ito
rin

g
th

e
p

o
p

u
la

tio
n

(K
w

apena
and

B
o

lto
n

th
is

vo
lu

m
e

).
It

is
p

o
ssib

le
to

e
stim

a
te

th
e

a
b

so
lu

te
num

ber
o

f
n

e
sts

in
an

a
re

a
by

va
rio

u
s

s
ta

tis
tic

a
l

m
ethods

even
w

hen
s
ig

h
ta

b
lility

is
n

o
t

100%
(e

.g
.

M
agnusson

e
t

a
l.

1
9

7
8

),
b

u
t
it

is
u

n
lik

e
ly

th
a

t
th

is
in

fo
rm

a
tio

n
is

n
o

rm
a

lly
re

q
u

ire
d

.
The

num
ber

seen
m

ay
be

used
as

a
m

inim
um

num
ber

p
re

se
n

t
b

u
t

in
any

case
a

llo
w

s
tre

n
d

s
in

th
e

b
re

e
d

in
g

se
ctio

n
o

f
th

e
p

o
p

u
la

tio
n

to
be

m
o

n
ito

re
d

.
The

tim
in

g
and

in
te

n
s
ity

o
f

n
e

stin
g

m
ay

va
ry

betw
een

ye
a

rs,
depending

on
th

e
w

e
a

th
e

r
(M

cN
ease

and
Joanen

1
9

7
8

),
and

a
llo

w
a

n
ce

m
ust

be
m

ade
fo

r
th

is
in

th
e

e
v
a

lu
a

tio
n

o
f

lo
n

g
term

tre
n

d
s

in
p

o
p

u
la

tio
n

s
iz

e
.

To
d

a
te

th
e

o
n

ly
a

p
p

lic
a

tio
n

o
f

th
e

te
ch

n
iq

u
e

fo
r

d
ire

c
t

m
anagem

ent
has

been
th

e
m

o
n

ito
rin

g
o

f
a

llig
a

to
r

p
o

p
u

la
tio

n
s

in
th

e
L

o
u

isia
n

a
m

arshes
(C

habreck
1966;

P
alm

isano
e

t
a

l.
1973;

M
cN

ease
and

Joanen
1

9
7

8
).

B
io

lo
g

ic
a

l
D

ata
T

hat
C

an
Be

C
o

lle
cte

d
D

u
rin

g
S

urveys

E
xcept

in
th

e
case

o
f

to
ta

l
absence

it
is

o
fte

n
ve

ry
d

iffic
u

lt
to

in
te

rp
re

t
th

e
s
ig

n
ific

a
n

c
e

o
f

num
bers

o
f

c
ro

c
o

d
ilia

n
s

w
ith

o
u

t
fu

rth
e

r
in

fo
rm

a
tio

n
.

O
ne

o
f

th
e

sim
p

le
st

and
m

ost
im

p
o

rta
n

t
p

ie
ce

s
o

f
in

fo
rm

a
tio

n
th

a
t

can
be

ta
ke

n
d

u
rin

g
su

rve
ys

is
th

e
size

d
is

trib
u

tio
n

o
f

th
e

p
o

p
u

la
tio

n
.

M
ost

e
xp

e
rie

n
ce

d
b

io
lo

g
is

ts
fe

e
l

ch
a

t
th

e
y

can
e

stim
a

te
size

s
o

f
c
ro

c
o

d
ilia

n
s

w
ith

about
90%

a
ccu

ra
cy

(C
hapm

an
1

9
7

0
),

b
u

t
th

is
is

e
xp

e
rie

n
ce

and
sp

e
cie

s
s
p

e
c
ific

.
V

a
rio

u
s

ru
le

s
o

f
thum

b
have

been
p

u
t

fo
rw

a
rd

fo
r

e
s
tim

a
tin

g
size

s
o

f
c
ro

c
o

d
ilia

n
s
,

such
as

th
a

t
th

e
d

ista
n

ce
fro

m
th

e
eye

to
th

e
sn

o
u

t
in

in
ch

e
s

e
q

u
a

ls
th

e
le

n
g

th
in

fe
e

t
(C

habreck
1

9
6

6
),

b
u

t
in

re
a

lity
m

ost
b

io
lo

g
is

ts
p

ro
b

a
b

ly
e

stim
a

te
size

s
fro

m
som

e
“G

e
s
ta

lt”
co

m
b

in
a

tio
n

o
f

size
and

shape.
O

nly
e

xp
e

rie
n

ce
a

llo
w

s
a

ccu
ra

te

e
s
tim

a
tio

n
fo

r
each

sp
e

cie
s.

N
o

n
e

th
e

le
ss,

m
ost

re
la

tiv
e

ly
n

a
ive

o
b

se
rve

rs
can

group
c
ro

c
o

d
ilia

n
s

as
befog

h
a

tc
h

lin
g

,
sm

a
ll,

and
la

rg
e

(M
essel

e
t

a
l.

1
9

7
8

),
h

a
tc

h
lin

g
,

sm
a

ll,
m

edfum
,

and
la

rg
e

(P
e

rn
e

tta
and

B
u

rg
in

1
9

8
0

),
o

r
young,

ju
v
e

n
ile

,
and

a
d

u
lt

(W
oodw

ard
and

M
a

rio
n

1
9

7
9

).
The

hatch].ing—
m

edfum
boundary

is
re

a
so

n
a

b
ly

easy
to

d
e

te
rm

in
e

b
u

t
the

m
edium

—
large

boundary
w

ill
va

ry
w

ith
sp

e
cie

s.
It

is
b

e
st

to
p

la
ce

it
a

t
lo

w
e

r
b

re
e

d
in

g
size

fo
r

fem
ales

o
f

th
e

sp
e

cie
s

being
in

v
e

s
tig

a
te

d
If

th
is

is
know

n.
D

ata
fro

m
P

ooley
(1969)

Illu
s
tra

te
th

e
im

p
o

rta
n

ce
o

f
size

s
tra

tific
a

tio
n

in
d

e
te

rm
in

in
g

th
e

e
ffe

c
t

o
f

h
u

n
tin

g
on

a
p

o
p

u
la

tio
n

.
The

d
ra

s
tic

d
e

clin
e

he
d

e
m

o
n

stra
te

s
in

th
e

la
rg

e
r

size
cla

sse
s

w
ould

have
been

m
asked

co
n

sid
e

ra
b

ly
if

he
had

lum
ped

a
ll

size
s

to
g

e
th

e
r.

M
agnusson

(1979)
re

p
o

rte
d

la
rg

e
num

bers
o

f
P

aleosuchus
trig

o
n

a
cu

s
in

a
num

ber
o

f
h

a
b

ita
ts

sam
pled,

b
u

t
e

xa
m

in
a

tio
n

o
f

th
e

size
fre

q
u

e
n

cy
d

is
trib

u
tio

n
re

ve
a

le
d

a
to

ta
l

la
ck

o
f

a
n

im
a

ls
le

ss
than

one
ye

a
r

o
ld

.
T

h
is

a
p

p
a

re
n

tly
h

e
a

lth
y

p
o

p
u

la
tio

n
th

e
re

fo
re

probabl’c-
la

cke
d

som
e

re
so

u
rce

e
s
s
e

n
tia

l
fo

r
b

re
e

d
in

g
o

r
fo

r
g

ro
w

th
o

f
young

and
w

as
m

a
in

ta
in

e
d

by
re

cru
itm

e
n

t
from

e
lse

w
h

e
re

.
The

re
la

tiv
e

p
ro

p
o

rtio
n

s
o

f
a

n
im

a
ls

o
f

each
size

a
lso

can
be

im
p

o
rta

n
t

fo
r

e
stim

a
tin

g
p

o
p

u
la

tio
n

size
s

fro
m

su
rve

ys
o

f
p

a
rtic

u
la

r
segm

ents
o

f
th

e
p

o
p

u
la

tio
n

,
such

as
n

e
stin

g
fem

ales
(C

habreck
1966;

P
alm

isano
e

t
a

l.
1973;

N
ich

o
ls

e
t

a
l.

1
9

7
6

).

A
n

o
th

e
r

a
sp

e
ct

th
a

t
m

ay
be

im
p

o
rta

n
t

is
th

e
d

is
trib

u
tio

n
o

f
sexes.

Joanen
and

M
cN

ease
(1

9
7

2
),

M
cN

ease
and

Joanen
(1

9
7

4
),

and
G

oodw
in

and
M

a
rio

n
(1978)

d
iscu

sse
d

sex—
related

d
iffe

re
n

c
e

s
In

m
ovem

ents
o

f
a

llig
a

to
rs

,
and

P
alm

isano
e

t
a

l.
(1973)

d
iscu

sse
d

how
th

is
re

la
te

s
to

p
o

ssib
le

s
tra

te
g

ie
s

o
f

h
a

rv
e

s
tin

g
.

W
ebb

and
M

essel
(l9

7
8

a
)

d
iscu

sse
d

sex—
related

d
iffe

re
n

c
e

s
in

m
ovem

ent
o

f
C

.
p~

rosus
in

n
o

rth
e

rn
A

u
s
tra

lia
.

U
n

fo
rtu

n
a

te
ly

c
ro

c
o

d
ilia

n
s

u
s
u

a
lly

have
to

be
ca

p
tu

re
d

to
be

sexed.
T

h
is

ta
ke

s
th

e
e

xe
rcise

fro
m

a
pure

su
rve

y
in

to
a

long—
term

stu
d

y.
C

habreck
(1963)

and
W

ebb
and

M
essel

(19?7a)
gave

d
e

ta
ils

o
f

va
rio

u
s

ca
p

tu
re

m
ethods

th
a

t
have

been
developed

fo
r

c
ro

c
o

d
ilia

n
s
.

It
is

w
e

ll
to

rem
em

ber
th

a
t

d
iffe

re
n

t
sp

e
cie

s
va

ry
in

th
e

ir
h

a
b

ita
t

p
re

fe
re

n
ce

s,
b

e
h

a
vio

r,
and

tem
perm

ent.
M

ethods
used

fo
r

ca
p

tu
rin

g
one

sp
e

cie
s

m
ay

w
e

ll
be

u
se

le
ss

fo
r

a
n

o
th

e
r.

L
o

ve
rid

g
e

(1979)
review

ed
m

ethods
o

f
im

m
o

b
ilizin

g
c
ro

c
o

d
ilia

n
s

w
ith

drugs
if

th
is

is
n

e
ce

ssa
ry

(it
ra

re
ly

is
in

th
e

co
n

te
xt

o
f

su
rve

ys).
The

c
ro

c
o

d
ilia

n
can

then
be

sexed
by

m
ethods

d
e

scrib
e

d
by

B
ra

z
a

itis
(1

9
6

8
),

C
habreck

(1
9

6
3

),
o

r
Joanen

and
M

cN
ease

(1
9

7
8

).
M

ost
c
ro

c
o

d
ilia

n
s

o
ld

e
r

th
a

n
s
ix

rnonths
can

be
sexed

w
ith

a
fa

ir
degree

o
f

a
ccu

ra
cy,

b
u

t
A

.
m

is
s
Is

s
ip

p
je

n
s
j5

m
ay

n
o

t
be

s
e

x
u

a
lly

d
iffe

re
n

tia
te

d
u

n
til

m
ore

th
a

n
12

m
onths

o
ld

(Joanen
and

M
cN

ease
1978;

N
ich

o
ls

and
C

habreck
1

9
8

0
).

The
m

ost
e

ffe
c
tiv

e
m

ethod
is

d
ire

c
t

o
b

se
rva

tio
n

o
f

th
e

p
e

n
is

o
r

c
lito

ris
by

g
e

n
tly

opening
the

clo
a

ca
,

though
in

s
e

rtin
g

a
fin

g
e

r
and

fe
e

lin
g

fo
r

th
e

p
e

n
is

is
re

lia
b

le
fo

r
la

rg
e

r
a

n
im

a
ls.

O
nce

th
e

a
n

im
a

l
is

in
hand

It
is

w
o

rth
w

h
ile

to
w

eigh,
m

easure,and
m

ark
it,

and
hence

in
cre

a
se

its
va

lu
e

if
caught

a
g

a
in

.
W

ebb
and

M
essel

(l9
7

8
b

)
d

iscu
sse

d
m

o
rp

h
o

m
e

tric
d

a
ta

th
a

t
are

com
m

only
ta

ke
n

,a
n

d
C

habreck
(1963)

and
W

h
ita

ke
r

(1978)
d

iscu
sse

d
m

a
rkin

g
te

ch
n

iq
u

e
s.

It
m

ay
even

be
C

onsidered
w

o
rth

w
h

ile
to

take
o

th
e

r
b

io
lo

g
ic

a
l

d
a

ta
,

such
as

stom
ach

co
n

te
n

ts
(T

a
ylo

r
e

t
a

l.
1

9
7

8
),

re
co

rd
m

arks
and

in
ju

rie
s

(e
.g

.
W

ebb
and

M
essel

l9
7

7
b

),
and

e
x
te

rn
a

l
p

a
ra

s
ite

s
.
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(b
u

t
n

o
t

absence)
o

f
a

p
a

rtic
u

la
r

in
d

iv
id

u
a

l
o

r
cla

ss
o

f
in

d
iv

id
u

a
ls

w
hich

are
n

o
t

am
enable

to
o

th
e

r
m

ethods
o

f
su

rve
y.

O
bvious

exam
ples

are
la

rg
e

•lig
h

t
shy”

a
n

im
a

ls.
W

ebb
e

t
a

l.
(1977)

used
tra

cks
to

in
fe

r
th

e
presence

o
f

an
a

tte
n

d
a

n
t

a
d

u
lt

w
ith

a
group

o
f

h
a

tc
h

lin
g

s
even

though
th

e
a

d
u

lt
w

as
n

o
t

a
c
tu

a
lly

seen
w

ith
th

e
young.

C
habreck

(1966)
suggested

th
a

t
c
a

lls
o

f
m

ale
A

.
m

is
s
is

s
ip

p
ie

n
s
is

co
u

ld
be

used
to

g
ive

an
in

d
e

x
o

f
p

o
p

u
la

tio
n

d
e

n
s
ity

b
u

t
th

is
te

ch
n

iq
u

e
does

n
o

t
seem

to
have

been
used

e
x
te

n
s
iv

e
ly

.
P

ro
b

a
b

ly,
c
a

lls
,

lik
e

tra
c
k
s
,

are
m

ost
u

s
e

fu
l

to
in

d
ic

a
te

th
e

presence
o

f
la

rg
e

a
n

im
a

ls
th

a
t

cannot
be

surveyed
by

o
th

e
r

m
eans.

In
c
o

n
tra

s
t

to
m

arks
on

th
e

bank,
n

e
sts

o
f

m
ound

n
e

stin
g

sp
e

cie
s

are
easy

to
see

and
in

som
e

circu
m

sta
n

ce
s

can
be

re
la

te
d

to
a

know
n

o
r

e
stim

a
te

d
p

ro
p

o
rtio

n
o

f
th

e
p

o
p

u
la

tio
n

.
O

gden
(1978)

e
stim

a
te

d
th

e
num

ber
o

f
C

.
a

cu
tu

s
in

F
lo

rid
a

B
ay,

U
.S

.A
.,

from
th

e
know

n
num

ber
o

r
n

e
sts

th
a

t
had

been
lo

ca
te

d
o

ve
r

a
num

ber
o

f
ye

a
rs.

C
habreck

(1966)
e

stim
a

te
d

th
e

num
ber

o
f

A
.

m
is

s
is

s
ip

p
ie

n
s
is

on
R

o
c
k
fe

lle
r

R
efuge,

L
o

u
isia

n
a

,
fro

m
th

e
num

ber
o

f
n

e
sts

found
d

u
rin

g
1966.

P
ro

b
a

b
ly

th
e

m
ain

advantage
o

f
n

e
st

co
u

n
ts

is
th

a
t

fo
r

som
e

sp
e

cie
s,

in
som

e
h

a
b

ita
ts

,
th

e
y

can
be

done
from

th
e

a
ir

(e
.g

.
C

habreck
1966;

Joanen
1969;

G
oodw

in
and

M
a

rio
n

1978;
K

ushlan
and

K
u

sh
la

n
,

1
9

8
1

).
In

m
any

cases
su

rve
yin

g
fo

r
n

e
sts

m
ay

be
th

e
o

n
ly

fe
a

s
ib

le
m

ethod
o

f
m

o
n

ito
rin

g
th

e
p

o
p

u
la

tio
n

(K
w

apena
and

B
o

lto
n

th
is

vo
lu

m
e

).
It

is
p

o
ssib

le
to

e
stim

a
te

th
e

a
b

so
lu

te
num

ber
o

f
n

e
sts

in
an

a
re

a
by

va
rio

u
s

s
ta

tis
tic

a
l

m
ethods

even
w

hen
s
ig

h
ta

b
lility

is
n

o
t

100%
(e

.g
.

M
agnusson

e
t

a
l.

1
9

7
8

),
b

u
t
it

is
u

n
lik

e
ly

th
a

t
th

is
in

fo
rm

a
tio

n
is

n
o

rm
a

lly
re

q
u

ire
d

.
The

num
ber

seen
m

ay
be

used
as

a
m

inim
um

num
ber

p
re

se
n

t
b

u
t

in
any

case
a

llo
w

s
tre

n
d

s
in

th
e

b
re

e
d

in
g

se
ctio

n
o

f
th

e
p

o
p

u
la

tio
n

to
be

m
o

n
ito

re
d

.
The

tim
in

g
and

in
te

n
s
ity

o
f

n
e

stin
g

m
ay

va
ry

betw
een

ye
a

rs,
depending

on
th

e
w

e
a

th
e

r
(M

cN
ease

and
Joanen

1
9

7
8

),
and

a
llo

w
a

n
ce

m
ust

be
m

ade
fo

r
th

is
in

th
e

e
v
a

lu
a

tio
n

o
f

lo
n

g
term

tre
n

d
s

in
p

o
p

u
la

tio
n

s
iz

e
.

To
d

a
te

th
e

o
n

ly
a

p
p

lic
a

tio
n

o
f

th
e

te
ch

n
iq

u
e

fo
r

d
ire

c
t

m
anagem

ent
has

been
th

e
m

o
n

ito
rin

g
o

f
a

llig
a

to
r

p
o

p
u

la
tio

n
s

in
th

e
L

o
u

isia
n

a
m

arshes
(C

habreck
1966;

P
alm

isano
e

t
a

l.
1973;

M
cN

ease
and

Joanen
1

9
7

8
).

B
io

lo
g

ic
a

l
D

ata
T

hat
C

an
Be

C
o

lle
cte

d
D

u
rin

g
S

urveys

E
xcept

in
th

e
case

o
f

to
ta

l
absence

it
is

o
fte

n
ve

ry
d

iffic
u

lt
to

in
te

rp
re

t
th

e
s
ig

n
ific

a
n

c
e

o
f

num
bers

o
f

c
ro

c
o

d
ilia

n
s

w
ith

o
u

t
fu

rth
e

r
in

fo
rm

a
tio

n
.

O
ne

o
f

th
e

sim
p

le
st

and
m

ost
im

p
o

rta
n

t
p

ie
ce

s
o

f
in

fo
rm

a
tio

n
th

a
t

can
be

ta
ke

n
d

u
rin

g
su

rve
ys

is
th

e
size

d
is

trib
u

tio
n

o
f

th
e

p
o

p
u

la
tio

n
.

M
ost

e
xp

e
rie

n
ce

d
b

io
lo

g
is

ts
fe

e
l

ch
a

t
th

e
y

can
e

stim
a

te
size

s
o

f
c
ro

c
o

d
ilia

n
s

w
ith

about
90%

a
ccu

ra
cy

(C
hapm

an
1

9
7

0
),

b
u

t
th

is
is

e
xp

e
rie

n
ce

and
sp

e
cie

s
s
p

e
c
ific

.
V

a
rio

u
s

ru
le

s
o

f
thum

b
have

been
p

u
t

fo
rw

a
rd

fo
r

e
s
tim

a
tin

g
size

s
o

f
c
ro

c
o

d
ilia

n
s
,

such
as

th
a

t
th

e
d

ista
n

ce
fro

m
th

e
eye

to
th

e
sn

o
u

t
in

in
ch

e
s

e
q

u
a

ls
th

e
le

n
g

th
in

fe
e

t
(C

habreck
1

9
6

6
),

b
u

t
in

re
a

lity
m

ost
b

io
lo

g
is

ts
p

ro
b

a
b

ly
e

stim
a

te
size

s
fro

m
som

e
“G

e
s
ta

lt”
co

m
b

in
a

tio
n

o
f

size
and

shape.
O

nly
e

xp
e

rie
n

ce
a

llo
w

s
a

ccu
ra

te

e
s
tim

a
tio

n
fo

r
each

sp
e

cie
s.

N
o

n
e

th
e

le
ss,

m
ost

re
la

tiv
e

ly
n

a
ive

o
b

se
rve

rs
can

group
c
ro

c
o

d
ilia

n
s

as
befog

h
a

tc
h

lin
g

,
sm

a
ll,

and
la

rg
e

(M
essel

e
t

a
l.

1
9

7
8

),
h

a
tc

h
lin

g
,

sm
a

ll,
m

edfum
,

and
la

rg
e

(P
e

rn
e

tta
and

B
u

rg
in

1
9

8
0

),
o

r
young,

ju
v
e

n
ile

,
and

a
d

u
lt

(W
oodw

ard
and

M
a

rio
n

1
9

7
9

).
The

hatch].ing—
m

edfum
boundary

is
re

a
so

n
a

b
ly

easy
to

d
e

te
rm

in
e

b
u

t
the

m
edium

—
large

boundary
w

ill
va

ry
w

ith
sp

e
cie

s.
It

is
b

e
st

to
p

la
ce

it
a

t
lo

w
e

r
b

re
e

d
in

g
size

fo
r

fem
ales

o
f

th
e

sp
e

cie
s

being
in

v
e

s
tig

a
te

d
If

th
is

is
know

n.
D

ata
fro

m
P

ooley
(1969)

Illu
s
tra

te
th

e
im

p
o

rta
n

ce
o

f
size

s
tra

tific
a

tio
n

in
d

e
te

rm
in

in
g

th
e

e
ffe

c
t

o
f

h
u

n
tin

g
on

a
p

o
p

u
la

tio
n

.
The

d
ra

s
tic

d
e

clin
e

he
d

e
m

o
n

stra
te

s
in

th
e

la
rg

e
r

size
cla

sse
s

w
ould

have
been

m
asked

co
n

sid
e

ra
b

ly
if

he
had

lum
ped

a
ll

size
s

to
g

e
th

e
r.

M
agnusson

(1979)
re

p
o

rte
d

la
rg

e
num

bers
o

f
P

aleosuchus
trig

o
n

a
cu

s
in

a
num

ber
o

f
h

a
b

ita
ts

sam
pled,

b
u

t
e

xa
m

in
a

tio
n

o
f

th
e

size
fre

q
u

e
n

cy
d

is
trib

u
tio

n
re

ve
a

le
d

a
to

ta
l

la
ck

o
f

a
n

im
a

ls
le

ss
than

one
ye

a
r

o
ld

.
T

h
is

a
p

p
a

re
n

tly
h

e
a

lth
y

p
o

p
u

la
tio

n
th

e
re

fo
re

probabl’c-
la

cke
d

som
e

re
so

u
rce

e
s
s
e

n
tia

l
fo

r
b

re
e

d
in

g
o

r
fo

r
g

ro
w

th
o

f
young

and
w

as
m

a
in

ta
in

e
d

by
re

cru
itm

e
n

t
from

e
lse

w
h

e
re

.
The

re
la

tiv
e

p
ro

p
o

rtio
n

s
o

f
a

n
im

a
ls

o
f

each
size

a
lso

can
be

im
p

o
rta

n
t

fo
r

e
stim

a
tin

g
p

o
p

u
la

tio
n

size
s

fro
m

su
rve

ys
o

f
p

a
rtic

u
la

r
segm

ents
o

f
th

e
p

o
p

u
la

tio
n

,
such

as
n

e
stin

g
fem

ales
(C

habreck
1966;

P
alm

isano
e

t
a

l.
1973;

N
ich

o
ls

e
t

a
l.

1
9

7
6

).

A
n

o
th

e
r

a
sp

e
ct

th
a

t
m

ay
be

im
p

o
rta

n
t

is
th

e
d

is
trib

u
tio

n
o

f
sexes.

Joanen
and

M
cN

ease
(1

9
7

2
),

M
cN

ease
and

Joanen
(1

9
7

4
),

and
G

oodw
in

and
M

a
rio

n
(1978)

d
iscu

sse
d

sex—
related

d
iffe

re
n

c
e

s
In

m
ovem

ents
o

f
a

llig
a

to
rs

,
and

P
alm

isano
e

t
a

l.
(1973)

d
iscu

sse
d

how
th

is
re

la
te

s
to

p
o

ssib
le

s
tra

te
g

ie
s

o
f

h
a

rv
e

s
tin

g
.

W
ebb

and
M

essel
(l9

7
8

a
)

d
iscu

sse
d

sex—
related

d
iffe

re
n

c
e

s
in

m
ovem

ent
o

f
C

.
p~

rosus
in

n
o

rth
e

rn
A

u
s
tra

lia
.

U
n

fo
rtu

n
a

te
ly

c
ro

c
o

d
ilia

n
s

u
s
u

a
lly

have
to

be
ca

p
tu

re
d

to
be

sexed.
T

h
is

ta
ke

s
th

e
e

xe
rcise

fro
m

a
pure

su
rve

y
in

to
a

long—
term

stu
d

y.
C

habreck
(1963)

and
W

ebb
and

M
essel

(19?7a)
gave

d
e

ta
ils

o
f

va
rio

u
s

ca
p

tu
re

m
ethods

th
a

t
have

been
developed

fo
r

c
ro

c
o

d
ilia

n
s
.

It
is

w
e

ll
to

rem
em

ber
th

a
t

d
iffe

re
n

t
sp

e
cie

s
va

ry
in

th
e

ir
h

a
b

ita
t

p
re

fe
re

n
ce

s,
b

e
h

a
vio

r,
and

tem
perm

ent.
M

ethods
used

fo
r

ca
p

tu
rin

g
one

sp
e

cie
s

m
ay

w
e

ll
be

u
se

le
ss

fo
r

a
n

o
th

e
r.

L
o

ve
rid

g
e

(1979)
review

ed
m

ethods
o

f
im

m
o

b
ilizin

g
c
ro

c
o

d
ilia

n
s

w
ith

drugs
if

th
is

is
n

e
ce

ssa
ry

(it
ra

re
ly

is
in

th
e

co
n

te
xt

o
f

su
rve

ys).
The

c
ro

c
o

d
ilia

n
can

then
be

sexed
by

m
ethods

d
e

scrib
e

d
by

B
ra

z
a

itis
(1

9
6

8
),

C
habreck

(1
9

6
3

),
o

r
Joanen

and
M

cN
ease

(1
9

7
8

).
M

ost
c
ro

c
o

d
ilia

n
s

o
ld

e
r

th
a

n
s
ix

rnonths
can

be
sexed

w
ith

a
fa

ir
degree

o
f

a
ccu

ra
cy,

b
u

t
A

.
m

is
s
Is

s
ip

p
je

n
s
j5

m
ay

n
o

t
be

s
e

x
u

a
lly

d
iffe

re
n

tia
te

d
u

n
til

m
ore

th
a

n
12

m
onths

o
ld

(Joanen
and

M
cN

ease
1978;

N
ich

o
ls

and
C

habreck
1

9
8

0
).

The
m

ost
e

ffe
c
tiv

e
m

ethod
is

d
ire

c
t

o
b

se
rva

tio
n

o
f

th
e

p
e

n
is

o
r

c
lito

ris
by

g
e

n
tly

opening
the

clo
a

ca
,

though
in

s
e

rtin
g

a
fin

g
e

r
and

fe
e

lin
g

fo
r

th
e

p
e

n
is

is
re

lia
b

le
fo

r
la

rg
e

r
a

n
im

a
ls.

O
nce

th
e

a
n

im
a

l
is

in
hand

It
is

w
o

rth
w

h
ile

to
w

eigh,
m

easure,and
m

ark
it,

and
hence

in
cre

a
se

its
va

lu
e

if
caught

a
g

a
in

.
W

ebb
and

M
essel

(l9
7

8
b

)
d

iscu
sse

d
m

o
rp

h
o

m
e

tric
d

a
ta

th
a

t
are

com
m

only
ta

ke
n

,a
n

d
C

habreck
(1963)

and
W

h
ita

ke
r

(1978)
d

iscu
sse

d
m

a
rkin

g
te

ch
n

iq
u

e
s.

It
m

ay
even

be
C

onsidered
w

o
rth

w
h

ile
to

take
o

th
e

r
b

io
lo

g
ic

a
l

d
a

ta
,

such
as

stom
ach

co
n

te
n

ts
(T

a
ylo

r
e

t
a

l.
1

9
7

8
),

re
co

rd
m

arks
and

in
ju

rie
s

(e
.g

.
W

ebb
and

M
essel

l9
7

7
b

),
and

e
x
te

rn
a

l
p

a
ra

s
ite

s
.
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W
h

ile
ca

p
tu

re
o

f
a

n
im

a
ls

under
su

rve
y

c
o

n
d

itio
n

s
is

d
iffic

u
lt

and
hence

subsequent
d

a
ta

d
iffic

u
lt

to
o

b
ta

in
,

m
aking

e
stim

a
te

s
o

f
size

s
is

n
o

t.
It

is
d

iffic
u

lt
to

see
how

n
o

t
m

aking
size

e
stim

a
te

s
d

u
rin

g
su

rve
ys

co
u

ld
be

ju
s
tifie

d
as

th
e

p
o

te
n

tia
l

g
a

in
s

are
so

g
re

a
t.

H
a

b
ita

t
D

ata

D
e

ta
ils

o
f

h
a

b
ita

t
a

re
easy

to
re

co
rd

and
w

ay
be

c
ritic

a
l

to
th

e
in

te
rp

re
ta

tio
n

o
f

re
s
u

lts
.

D
iffe

re
n

tia
l

use
o

f
h

a
b

ita
t

by
p

a
rtic

u
la

r
sexes

and
ages

has
a

lre
a

d
y

been
d

iscu
sse

d
(

P
a

rke
r

and
W

atson
1970;

M
cN

ease
and

Joanen
1978;

W
ebb

and
M

essel
l9

7
8

a
).

S
om

etim
es

a
d

e
ta

ile
d

h
a

b
ita

t
d

e
s
c
rip

tio
n

w
ill

a
llo

w
th

e
area

to
be

re
co

g
n

ize
d

on
fu

tu
re

su
rve

ys,
and

p
re

s
e

n
ta

tio
n

o
f

re
s
u

lts
s
tra

tifie
d

by
area

and
h

a
b

ita
t

a
llo

w
s

m
ore

d
e

ta
ile

d
a

n
a

ly
s
is

(G
raham

1968;
P

a
rke

r
and

W
atson

1970)
as

w
e

ll
as

fa
c
ilita

tin
g

com
parison

w
ith

follow
—

up
su

rve
ys

(see
P

e
rn

e
tta

and
B

u
rg

in
1980

fo
r

an
e

x
c
e

lle
n

t
p

re
s
e

n
ta

tio
n

o
f

su
rve

y
d

a
ta

).

S
om

etim
es

a
d

e
ta

ile
d

know
ledge

o
f

h
a

b
ita

t
use

by
a

sp
e

cie
s

m
ay

a
llo

w
in

fo
rm

a
tio

n
to

be
g

a
in

e
d

fro
m

a
su

rve
y

o
f

th
a

t
h

a
b

ita
t

a
lo

n
e

.
H

ines
(1979)

d
iscu

sse
d

th
e

e
xte

n
t

o
f

h
a

b
ita

t
s
u

ita
b

le
fo

r
A

.
m

is
s
is

s
ip

p
ie

n
s
is

in
F

lo
rid

a
,

and
M

cN
ease

and
Joanen

(1978)
e

sta
b

lish
e

d
th

e
re

la
tiv

e
s
u

ita
b

ility
o

f
va

rio
u

s
m

arsh
typ

e
s

fo
r

a
llig

a
to

r
n

e
stin

g
in

L
o

u
isia

n
a

.
T

h
e

ir
stu

d
y

form
ed

th
e

b
a

sis
o

f
p

o
p

u
la

tio
n

e
stim

a
te

s
fo

r
a

llig
a

to
rs

in
L

o
u

isia
n

a
and

th
e

ir
subsequent

h
a

rve
st

(P
alm

isano
e

t
a

l.
1

9
7

3
).

N
agnusson

(1980)
e

sta
b

lish
e

d
th

e
s
u

ita
b

ility
o

f
a

range
o

f
h

a
b

ita
ts

fo
r

n
e

stin
g

by
C

ro
co

d
ylu

s
porosus

in
A

rnhem
Land,

N
o

rth
e

rn
A

u
s
tra

lia
,

and
th

is
form

ed
th

e
b

a
sis

o
f

a
e

ria
l

su
rve

ys
o

f
s
u

ita
b

le
n

e
stin

g
h

a
b

ita
t

in
A

rnhem
Land

(M
agnusson

e
t

a
l.

1
9

7
8

),
C

ape
Y

ork
P

e
n

in
su

la
r

(M
agnusson

e
t

a
l.

1
9

8
0

),
and

th
e

A
llig

a
to

r
R

ive
rs

re
g

io
n

(G
rig

g
and

T
a

ylo
r

1
9

8
0

).

PLAN
N

IN
G

A
SURVEY

T
here

is
no

s
in

g
le

su
rve

y
p

la
n

a
p

p
lic

a
b

le
to

a
ll

sp
e

cie
s

and
c
o

n
d

itio
n

s
.

If
th

e
re

w
e

re
,

th
e

v
a

rie
ty

o
f

te
ch

n
iq

u
e

s
a

llu
d

e
d

to
in

th
e

fo
re

g
o

in
g

se
ctio

n
s

w
ould

n
o

t
have

been
d

e
ve

lo
p

e
d

.
H

ow
ever,

th
e

re
a

re
a

num
ber

o
f

b
a

sic
a

sp
e

cts
th

a
t

w
ill

e
n

te
r

in
to

a
ll

su
rve

ys:

1.
Know

yo
u

r
anim

al.—
—

D
e

sp
ite

th
e

m
ethod

used,
th

e
b

a
sic

tru
th

is
th

a
t

th
e

q
u

a
lity

o
f

th
e

su
rve

y
is

d
ire

c
tly

p
ro

p
o

rtio
n

a
l

to
th

e
e

xp
e

rie
n

ce
o

f
th

e
re

se
a

rch
e

r.
If

p
la

n
n

in
g

a
su

rve
y

and
la

c
k
in

g
a

g
re

a
t

d
e

a
l

o
f

e
xp

e
rie

n
ce

w
ith

th
e

a
n

im
a

l
in

q
u

e
stio

n
,

try
to

spend
som

e
tim

e
w

ith
a

n
o

th
e

r
re

se
a

rch
e

r
w

ho
has

e
xp

e
rie

n
ce

w
ith

s
im

ila
r

sp
e

cie
s

in
s
im

ila
r

h
a

b
ita

ts
.

T
h

is
m

ay
a

vo
id

re
p

e
titio

n
o

f
a

lo
t

o
f

m
ista

ke
s

th
a

t
have

been
m

ade
b

e
fo

re
.

2.
U

se
lo

c
a

l
know

ledge
w

ith
care.—

—
A

re
se

a
rch

e
r

a
rriv

in
g

in
a

new
area

is
u

s
u

a
lly

im
pressed

w
ith

th
e

d
e

ta
ile

d
know

ledge
o

f
th

e
lo

c
a

l
p

e
o

p
le

,

and
rig

h
tly

so.
The

problem
lie

s
in

tra
n

s
la

tin
g

th
is

know
ldge

in
to

d
a

ta
in

te
rp

re
ta

b
le

by
th

e
re

se
a

rch
e

r.
F

or
exam

ple,
in

itia
l

stu
d

ie
s

on
c
ro

c
o

d
ile

n
e

stin
g

h
a

b
ita

t
in

n
o

rth
e

rn
A

u
s
tra

lia
in

d
ic

a
te

d
a

stro
n

g
p

re
fe

re
n

ce
by

c
ro

c
o

d
ile

s
fo

r
a

p
a

rtic
u

la
r

g
ra

ss,
Ischaem

um
a

u
s
tra

le
.

M
ost

n
e

sts
w

ere
lo

ca
te

d
by

a
b

o
rig

in
a

l
h

u
n

te
rs

w
ith

d
e

ta
ile

d
know

ledge
o

f
th

e
a

re
a

.
It

w
as

o
n

ly
in

th
e

second
ye

a
r

o
f

th
e

stu
d

y
th

a
t

th
e

h
u

n
te

rs
re

a
liz

e
d

th
e

re
se

a
rch

e
rs

w
ere

in
te

re
s
te

d
as

m
uch

in
the

range
o

f
h

a
b

ita
ts

used
as

in
the

num
ber

o
f

n
e

sts
found

and
dem

onstrated
th

a
t

th
e

c
ro

c
o

d
ile

s
use

a
range

o
f

h
a

b
ita

ts
in

p
ro

p
o

rtio
n

to
th

e
ir

a
v
a

ila
b

ility
(M

agnusson
1

9
8

0
).

W
hile

a
cce

p
tin

g
th

e
e

xte
n

t
o

f
th

e
lo

c
a

l
p

e
o

p
le

s’
know

ledge,
re

se
a

rch
e

rs
should

alw
ays

q
u

e
stio

n
th

e
ir

in
te

rp
re

ta
tio

n
s

o
f

w
hat

th
e

y
a

re
b

e
in

g
show

n.

3.
R

esearch
th

e
h

is
to

ry
o

f
th

e
p

o
p

u
la

tio
n

to
be

studied.—
—

B
e

fo
re

com
m

encing
try

to
d

e
te

rim
in

e
h

is
to

ric
a

l,
p

re
se

n
t,

and
p

re
d

icte
d

la
n

d
use

p
a

tte
rn

s
in

th
e

a
re

a
,

th
e

p
a

st
and

p
re

se
n

t
le

v
e

ls
o

f
e

x
p

lo
ita

tio
n

o
f

c
ro

c
o

d
ilia

n
s
,

and
w

hat
re

se
a

rch
has

a
lre

a
d

y
been

c
a

rrie
d

o
u

t
on

the
sp

e
cie

s
w

hich
m

ig
h

t
a

llo
w

sp
e

cia
l

typ
e

s
o

f
su

rve
y.

4
.

Be
fa

m
ilia

r
w

ith
th

e
geography

o
f

th
e

area.—
—

D
eterm

ine
th

e
am

ount
and

d
is

trib
u

tio
n

o
f

th
e

va
rio

u
s

h
a

b
ita

ts
th

a
t

th
e

c
ro

c
o

d
ilia

n
s

m
ig

h
t

be
u

sin
g

and
do

re
p

lic
a

te
sa

m
p

lin
g

in
each,

even
if

th
is

reduces
th

e
num

ber
o

f
c
ro

c
o

d
ile

s
seen.

T
ry

to
co

ve
r

as
re

p
re

s
e

n
ta

tiv
e

a
num

ber
o

f
areas

as
p

o
ssib

le
and

a
vo

id
the

com
m

on
tendency

o
f

co
n

ce
n

tra
tin

g
on

areas
in

w
hich

it
is

easy
to

fin
d

a
n

im
a

ls.
D

e
ta

ile
d

m
aps

o
r

a
e

ria
l

photographs
are

in
v
a

lu
a

b
le

.

5.
C

o
lle

c
t

d
a

ta
on

p
o

p
u

la
tio

n
structure.—

—
A

m
inim

um
re

q
u

is
ite

fo
r

in
te

rp
re

ta
tio

n
o

f
re

s
u

lts
is

the
size

s
tru

c
tu

re
o

f
the

p
o

p
u

la
tio

n
,

s
tra

tifie
d

by
area

and
h

a
b

ita
t.

If
n

e
ce

ssa
ry,

p
ra

c
tic

e
m

aking
size

e
stim

a
te

s
on

zoo
a

n
im

a
ls.

6.
D

ecide
how

to
a

n
a

lyze
the

re
s
u

lts
b

e
fo

re
sta

rtin
g

.—
—

flow
,

w
here,

and
w

hen
to

c
o

lle
c
t

d
a

ta
w

ill
depend

on
w

hat
th

e
stu

d
y

is
a

tte
m

p
tin

g
to

d
e

m
o

n
stra

te
.

Be
sure

th
e

q
u

e
stio

n
o

r
prem

ise
is

c
le

a
r

b
e

fo
re

s
ta

rtin
g

.
T

re
a

t
a

ll
surveys

as
if

th
e

y
w

ere
th

e
firs

t
o

f
a

s
e

rie
s
,

w
h

e
th

e
r

fu
n

d
s

a
re

p
re

s
e

n
tly

a
v
a

ila
b

le
fo

r
re

p
e

a
t

su
rve

ys
o

r
n

o
t.

A
ny

e
le

m
e

n
ta

ry
s
ta

tis
tic

s
book

w
ill

g
ive

a
range

o
f

a
n

a
lyse

s
fo

r
m

aking
te

s
ts

fo
r

d
iffe

re
n

c
e

s
betw

een
areas

a
n

d
/o

r
su

rve
ys.

Be
su

re
th

a
t

data
a

re
c
o

lle
c
te

d
in

such
a

w
ay

th
a

t
they

can
be

plugged
in

to
som

e
such

te
s
t.

B
a

sic
re

q
u

ire
m

e
n

ts
fo

r
a

ll
a

n
a

lyse
s

are
re

p
lic

a
tio

n
and

s
tra

tific
a

tio
n

.

7.
S

ta
n

d
a

rd
ize

c
o

n
d

itio
n

s
as

fa
r

as
practicable.—

—
It

is
n

o
t

alw
ays

p
o

ssib
le

to
sta

n
d

a
rd

ize
a

ll
fa

c
to

rs
,

b
u

t
be

aw
are

o
f

th
e

p
ro

b
a

b
le

causes
o

f
b

ia
s

and
re

co
rd

enough
d

a
ta

re
g

a
rd

in
g

them
th

a
t

se
n

sib
le

d
e

cisio
n

s
can

be
m

ade
as

to
th

e
ir

p
ro

b
a

b
le

e
ffe

c
t

on
th

e
fin

a
l

re
s
u

lts
.

8.
A

llo
w

s
u

ffic
ie

n
t

tim
e

fo
r

th
e

survey.—
—

How
m

uch
tim

e
is

re
q

u
ire

d
w

ill
va

ry
a

cco
rd

in
g

to
th

e
area

to
be

co
ve

re
d

,
th

e
re

se
a

rch
e

r’s
p

re
vio

u
s

e
xp

e
rie

n
ce

,
and

the
su

p
p

o
rt

fa
c
ilitie

s
.

In
d

e
ve

lo
p

in
g

co
u

n
trie

s
it

is
w

e
ll

to
a

llo
w

one
w

eek
o

f
d

e
a

lin
g

w
ith

th
e

b
u

re
a

u
cra

cy
fo

r
each

tw
o

w
eeks
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W
h

ile
ca

p
tu

re
o

f
a

n
im

a
ls

under
su

rve
y

c
o

n
d

itio
n

s
is

d
iffic

u
lt

and
hence

subsequent
d

a
ta

d
iffic

u
lt

to
o

b
ta

in
,

m
aking

e
stim

a
te

s
o

f
size

s
is

n
o

t.
It

is
d

iffic
u

lt
to

see
how

n
o

t
m

aking
size

e
stim

a
te

s
d

u
rin

g
su

rve
ys

co
u

ld
be

ju
s
tifie

d
as

th
e

p
o

te
n

tia
l

g
a

in
s

are
so

g
re

a
t.

H
a

b
ita

t
D

ata

D
e

ta
ils

o
f

h
a

b
ita

t
a

re
easy

to
re

co
rd

and
w

ay
be

c
ritic

a
l

to
th

e
in

te
rp

re
ta

tio
n

o
f

re
s
u

lts
.

D
iffe

re
n

tia
l

use
o

f
h

a
b

ita
t

by
p

a
rtic

u
la

r
sexes

and
ages

has
a

lre
a

d
y

been
d

iscu
sse

d
(

P
a

rke
r

and
W

atson
1970;

M
cN

ease
and

Joanen
1978;

W
ebb

and
M

essel
l9

7
8

a
).

S
om

etim
es

a
d

e
ta

ile
d

h
a

b
ita

t
d

e
s
c
rip

tio
n

w
ill

a
llo

w
th

e
area

to
be

re
co

g
n

ize
d

on
fu

tu
re

su
rve

ys,
and

p
re

s
e

n
ta

tio
n

o
f

re
s
u

lts
s
tra

tifie
d

by
area

and
h

a
b

ita
t

a
llo

w
s

m
ore

d
e

ta
ile

d
a

n
a

ly
s
is

(G
raham

1968;
P

a
rke

r
and

W
atson

1970)
as

w
e

ll
as

fa
c
ilita

tin
g

com
parison

w
ith

follow
—

up
su

rve
ys

(see
P

e
rn

e
tta

and
B

u
rg

in
1980

fo
r

an
e

x
c
e

lle
n

t
p

re
s
e

n
ta

tio
n

o
f

su
rve

y
d

a
ta

).

S
om

etim
es

a
d

e
ta

ile
d

know
ledge

o
f

h
a

b
ita

t
use

by
a

sp
e

cie
s

m
ay

a
llo

w
in

fo
rm

a
tio

n
to

be
g

a
in

e
d

fro
m

a
su

rve
y

o
f

th
a

t
h

a
b

ita
t

a
lo

n
e

.
H

ines
(1979)

d
iscu

sse
d

th
e

e
xte

n
t

o
f

h
a

b
ita

t
s
u

ita
b

le
fo

r
A

.
m

is
s
is

s
ip

p
ie

n
s
is

in
F

lo
rid

a
,

and
M

cN
ease

and
Joanen

(1978)
e

sta
b

lish
e

d
th

e
re

la
tiv

e
s
u

ita
b

ility
o

f
va

rio
u

s
m

arsh
typ

e
s

fo
r

a
llig

a
to

r
n

e
stin

g
in

L
o

u
isia

n
a

.
T

h
e

ir
stu

d
y

form
ed

th
e

b
a

sis
o

f
p

o
p

u
la

tio
n

e
stim

a
te

s
fo

r
a

llig
a

to
rs

in
L

o
u

isia
n

a
and

th
e

ir
subsequent

h
a

rve
st

(P
alm

isano
e

t
a

l.
1

9
7

3
).

N
agnusson

(1980)
e

sta
b

lish
e

d
th

e
s
u

ita
b

ility
o

f
a

range
o

f
h

a
b

ita
ts

fo
r

n
e

stin
g

by
C

ro
co

d
ylu

s
porosus

in
A

rnhem
Land,

N
o

rth
e

rn
A

u
s
tra

lia
,

and
th

is
form

ed
th

e
b

a
sis

o
f

a
e

ria
l

su
rve

ys
o

f
s
u

ita
b

le
n

e
stin

g
h

a
b

ita
t

in
A

rnhem
Land

(M
agnusson

e
t

a
l.

1
9

7
8

),
C

ape
Y

ork
P

e
n

in
su

la
r

(M
agnusson

e
t

a
l.

1
9

8
0

),
and

th
e

A
llig

a
to

r
R

ive
rs

re
g

io
n

(G
rig

g
and

T
a

ylo
r

1
9

8
0

).

PLAN
N

IN
G

A
SURVEY

T
here

is
no

s
in

g
le

su
rve

y
p

la
n

a
p

p
lic

a
b

le
to

a
ll

sp
e

cie
s

and
c
o

n
d

itio
n

s
.

If
th

e
re

w
e

re
,

th
e

v
a

rie
ty

o
f

te
ch

n
iq

u
e

s
a

llu
d

e
d

to
in

th
e

fo
re

g
o

in
g

se
ctio

n
s

w
ould

n
o

t
have

been
d

e
ve

lo
p

e
d

.
H

ow
ever,

th
e

re
a

re
a

num
ber

o
f

b
a

sic
a

sp
e

cts
th

a
t

w
ill

e
n

te
r

in
to

a
ll

su
rve

ys:

1.
Know

yo
u

r
anim

al.—
—

D
e

sp
ite

th
e

m
ethod

used,
th

e
b

a
sic

tru
th

is
th

a
t

th
e

q
u

a
lity

o
f

th
e

su
rve

y
is

d
ire

c
tly

p
ro

p
o

rtio
n

a
l

to
th

e
e

xp
e

rie
n

ce
o

f
th

e
re

se
a

rch
e

r.
If

p
la

n
n

in
g

a
su

rve
y

and
la

c
k
in

g
a

g
re

a
t

d
e

a
l

o
f

e
xp

e
rie

n
ce

w
ith

th
e

a
n

im
a

l
in

q
u

e
stio

n
,

try
to

spend
som

e
tim

e
w

ith
a

n
o

th
e

r
re

se
a

rch
e

r
w

ho
has

e
xp

e
rie

n
ce

w
ith

s
im

ila
r

sp
e

cie
s

in
s
im

ila
r

h
a

b
ita

ts
.

T
h

is
m

ay
a

vo
id

re
p

e
titio

n
o

f
a

lo
t

o
f

m
ista

ke
s

th
a

t
have

been
m

ade
b

e
fo

re
.

2.
U

se
lo

c
a

l
know

ledge
w

ith
care.—

—
A

re
se

a
rch

e
r

a
rriv

in
g

in
a

new
area

is
u

s
u

a
lly

im
pressed

w
ith

th
e

d
e

ta
ile

d
know

ledge
o

f
th

e
lo

c
a

l
p

e
o

p
le

,

and
rig

h
tly

so.
The

problem
lie

s
in

tra
n

s
la

tin
g

th
is

know
ldge

in
to

d
a

ta
in

te
rp

re
ta

b
le

by
th

e
re

se
a

rch
e

r.
F

or
exam

ple,
in

itia
l

stu
d

ie
s

on
c
ro

c
o

d
ile

n
e

stin
g

h
a

b
ita

t
in

n
o

rth
e

rn
A

u
s
tra

lia
in

d
ic

a
te

d
a

stro
n

g
p

re
fe

re
n

ce
by

c
ro

c
o

d
ile

s
fo

r
a

p
a

rtic
u

la
r

g
ra

ss,
Ischaem

um
a

u
s
tra

le
.

M
ost

n
e

sts
w

ere
lo

ca
te

d
by

a
b

o
rig

in
a

l
h

u
n

te
rs

w
ith

d
e

ta
ile

d
know

ledge
o

f
th

e
a

re
a

.
It

w
as

o
n

ly
in

th
e

second
ye

a
r

o
f

th
e

stu
d

y
th

a
t

th
e

h
u

n
te

rs
re

a
liz

e
d

th
e

re
se

a
rch

e
rs

w
ere

in
te

re
s
te

d
as

m
uch

in
the

range
o

f
h

a
b

ita
ts

used
as

in
the

num
ber

o
f

n
e

sts
found

and
dem

onstrated
th

a
t

th
e

c
ro

c
o

d
ile

s
use

a
range

o
f

h
a

b
ita

ts
in

p
ro

p
o

rtio
n

to
th

e
ir

a
v
a

ila
b

ility
(M

agnusson
1

9
8

0
).

W
hile

a
cce

p
tin

g
th

e
e

xte
n

t
o

f
th

e
lo

c
a

l
p

e
o

p
le

s’
know

ledge,
re

se
a

rch
e

rs
should

alw
ays

q
u

e
stio

n
th

e
ir

in
te

rp
re

ta
tio

n
s

o
f

w
hat

th
e

y
a

re
b

e
in

g
show

n.

3.
R

esearch
th

e
h

is
to

ry
o

f
th

e
p

o
p

u
la

tio
n

to
be

studied.—
—

B
e

fo
re

com
m

encing
try

to
d

e
te

rim
in

e
h

is
to

ric
a

l,
p

re
se

n
t,

and
p

re
d

icte
d

la
n

d
use

p
a

tte
rn

s
in

th
e

a
re

a
,

th
e

p
a

st
and

p
re

se
n

t
le

v
e

ls
o

f
e

x
p

lo
ita

tio
n

o
f

c
ro

c
o

d
ilia

n
s
,

and
w

hat
re

se
a

rch
has

a
lre

a
d

y
been

c
a

rrie
d

o
u

t
on

the
sp

e
cie

s
w

hich
m

ig
h

t
a

llo
w

sp
e

cia
l

typ
e

s
o

f
su

rve
y.

4
.

Be
fa

m
ilia

r
w

ith
th

e
geography

o
f

th
e

area.—
—

D
eterm

ine
th

e
am

ount
and

d
is

trib
u

tio
n

o
f

th
e

va
rio

u
s

h
a

b
ita

ts
th

a
t

th
e

c
ro

c
o

d
ilia

n
s

m
ig

h
t

be
u

sin
g

and
do

re
p

lic
a

te
sa

m
p

lin
g

in
each,

even
if

th
is

reduces
th

e
num

ber
o

f
c
ro

c
o

d
ile

s
seen.

T
ry

to
co

ve
r

as
re

p
re

s
e

n
ta

tiv
e

a
num

ber
o

f
areas

as
p

o
ssib

le
and

a
vo

id
the

com
m

on
tendency

o
f

co
n

ce
n

tra
tin

g
on

areas
in

w
hich

it
is

easy
to

fin
d

a
n

im
a

ls.
D

e
ta

ile
d

m
aps

o
r

a
e

ria
l

photographs
are

in
v
a

lu
a

b
le

.

5.
C

o
lle

c
t

d
a

ta
on

p
o

p
u

la
tio

n
structure.—

—
A

m
inim

um
re

q
u

is
ite

fo
r

in
te

rp
re

ta
tio

n
o

f
re

s
u

lts
is

the
size

s
tru

c
tu

re
o

f
the

p
o

p
u

la
tio

n
,

s
tra

tifie
d

by
area

and
h

a
b

ita
t.

If
n

e
ce

ssa
ry,

p
ra

c
tic

e
m

aking
size

e
stim

a
te

s
on

zoo
a

n
im

a
ls.

6.
D

ecide
how

to
a

n
a

lyze
the

re
s
u

lts
b

e
fo

re
sta

rtin
g

.—
—

flow
,

w
here,

and
w

hen
to

c
o

lle
c
t

d
a

ta
w

ill
depend

on
w

hat
th

e
stu

d
y

is
a

tte
m

p
tin

g
to

d
e

m
o

n
stra

te
.

Be
sure

th
e

q
u

e
stio

n
o

r
prem

ise
is

c
le

a
r

b
e

fo
re

s
ta

rtin
g

.
T

re
a

t
a

ll
surveys

as
if

th
e

y
w

ere
th

e
firs

t
o

f
a

s
e

rie
s
,

w
h

e
th

e
r

fu
n

d
s

a
re

p
re

s
e

n
tly

a
v
a

ila
b

le
fo

r
re

p
e

a
t

su
rve

ys
o

r
n

o
t.

A
ny

e
le

m
e

n
ta

ry
s
ta

tis
tic

s
book

w
ill

g
ive

a
range

o
f

a
n

a
lyse

s
fo

r
m

aking
te

s
ts

fo
r

d
iffe

re
n

c
e

s
betw

een
areas

a
n

d
/o

r
su

rve
ys.

Be
su

re
th

a
t

data
a

re
c
o

lle
c
te

d
in

such
a

w
ay

th
a

t
they

can
be

plugged
in

to
som

e
such

te
s
t.

B
a

sic
re

q
u

ire
m

e
n

ts
fo

r
a

ll
a

n
a

lyse
s

are
re

p
lic

a
tio

n
and

s
tra

tific
a

tio
n

.

7.
S

ta
n

d
a

rd
ize

c
o

n
d

itio
n

s
as

fa
r

as
practicable.—

—
It

is
n

o
t

alw
ays

p
o

ssib
le

to
sta

n
d

a
rd

ize
a

ll
fa

c
to

rs
,

b
u

t
be

aw
are

o
f

th
e

p
ro

b
a

b
le

causes
o

f
b

ia
s

and
re

co
rd

enough
d

a
ta

re
g

a
rd

in
g

them
th

a
t

se
n

sib
le

d
e

cisio
n

s
can

be
m

ade
as

to
th

e
ir

p
ro

b
a

b
le

e
ffe

c
t

on
th

e
fin

a
l

re
s
u

lts
.

8.
A

llo
w

s
u

ffic
ie

n
t

tim
e

fo
r

th
e

survey.—
—

How
m

uch
tim

e
is

re
q

u
ire

d
w

ill
va

ry
a

cco
rd

in
g

to
th

e
area

to
be

co
ve

re
d

,
th

e
re

se
a

rch
e

r’s
p

re
vio

u
s

e
xp

e
rie

n
ce

,
and

the
su

p
p

o
rt

fa
c
ilitie

s
.

In
d

e
ve

lo
p

in
g

co
u

n
trie

s
it

is
w

e
ll

to
a

llo
w

one
w

eek
o

f
d

e
a

lin
g

w
ith

th
e

b
u

re
a

u
cra

cy
fo

r
each

tw
o

w
eeks
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M

AG
NUS

SO
N

399

o
f

a
tte

m
p

te
d

s
u

rv
e

y
,

a
n

d
,

to
e

x
p

e
c
t

one
w

eek
o

f
in

e
ffe

c
tu

a
l

s
u

rv
e

y
(tra

n
s
p

o
rt,

e
q

u
ip

m
e

n
t

d
iffic

u
ltie

s
)

fo
r

e
a

ch
w

eek
o

f
e

ffe
c
tiv

e
s
u

rv
e

y
.

M
o

st
p

e
o

p
le

u
n

fa
m

ilia
r

w
ith

an
a

re
a

u
n

d
e

re
s
tim

a
te

th
e

tim
e

re
q

u
ire

d
to

s
u

rv
e

y
.

E
ve

n
a

s
m

a
ll

a
re

a
u

s
u

a
lly

re
q

u
ire

s
s
e

v
e

ra
l

m
o

n
th

s
(o

r
s
e

v
e

ra
l

y
e

a
rs

o
f

e
x
p

e
rie

n
c
e

le
a

d
in

g
to

s
e

v
e

ra
l

w
eeks

o
f

s
u

rv
e

y
).

O
fte

n
a

b
io

lo
g

is
t

v
is

its
a

c
o

u
n

try
fo

r
s
e

v
e

ra
l

w
eeks

and
p

ro
d

u
ce

s
a

“s
ta

tu
s

re
p

o
rt.”

In
fa

c
t

su
ch

s
tu

d
ie

s
do

n
o

t
g

iv
e

d
a

ta
on

th
e

s
ta

tu
s
,

th
e

y
e

s
ta

b
lis

h
th

e
u

rg
e

n
c
y

(p
rio

rity
)

fo
r

d
e

te
rm

in
in

g
th

e
s
ta

tu
s

o
f

th
e

p
o

p
u

la
tio

n
.

A
tru

e
s
ta

tu
s

re
p

o
rt

fo
r

e
ve

n
a

tin
y

c
o

u
n

try
re

q
u

ire
s

m
any

m
o

n
th

s,
if

n
o

t
y
e

a
rs

o
f

w
o

rk
.

F
o

r
th

is
re

a
so

n
th

e
a

d
va

n
ta

g
e

o
f

p
e

rso
n

s
re

s
id

e
n

t,
o

r
w

ith
re

g
u

la
r

a
cce

ss
to

th
e

a
re

a
,

b
e

in
g

in
c
lu

d
e

d
in

th
e

s
u

rv
e

y
te

a
m

ca
n

n
o

t
be

o
v
e

re
s
tim

a
te

d
.

T
he

fo
llo

w
in

g
p

e
o

p
le

a
re

e
x
p

e
rie

n
c
e

d
in

c
ro

c
o

d
ilia

n
s
u

rv
e

y
s

and
a

re
c
u

rre
n

tly
w

o
rk

in
g

in
th

e
fie

ld
:

A
lis

ta
ir

G
raham

—
C

.
n

ilo
tic

u
s
,

C
.

n
o

v
e

a
g

u
in

a
e

,
C

.
p

o
ro

su
s

(P
a

p
u

a
N

ew
G

u
in

e
a

)

G
o

rd
o

n
G

rig
g

C
.

p
o

ro
su

s
(a

e
ria

l
s
u

rv
e

y
o

f
h

a
b

ita
t,

A
u

s
tra

lia
)

T
ed

Jo
a

n
e

n
a

n
d

L
a

rry
M

cN
ease

—
A

.
m

is
s
is

s
ip

p
ie

n
s
is

(L
o

u
is

ia
n

a
)

Jam
es

K
u

sh
la

n
—

A
.

m
is

s
is

s
ip

p
ie

n
s
is

,
C

.
a

c
u

tu
s

(F
lo

rid
a

)

W
illia

m
M

a
g

n
u

sso
n

—
C

.
p

o
ro

su
s

(A
u

s
tra

lia
),

N
.

n
ig

e
r,

C
.

c
ro

c
o

d
ilu

s
,

P
.

p
a

lp
e

b
ro

s
u

s
,

P
.

trig
o

n
a

tu
s

(B
ra

z
il)

H
a

rry
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