
‘I
t

S
O

U
T

H
E

R
A

F
R

IC
A

N
D

E
V

E
L

O
P

M
E

N
T

C
..O

R
D

IN
A

T
IO

N
C

O
N

F
E

R
E

N
C

E

W
O

K
S

H
O

P
K

A
R

l
:A

,
Z

IM
B

A
B

W
E

“R
O

C
E

E
D

IN
G

S
O

F
T

H
E

S
A

D
C

C
W

O
R

K
S

H
O

P
•

N
M

A
N

A
G

E
M

E
N

T
A

N
D

U
T

ILIS
A

T
IO

N
O

F
C

R
O

C
O

D
ILE

S
IN

T
H

E
S

A
D

C
C

R
E

G
IO

N
O

F
A

F
R

IC
A

H
E

LD
A

T
K

A
R

IB
A

,
Z

IM
B

A
B

W
E

,
O

N
2-6

JU
N

E
,

1987
W

IT
H

TH
E

S
U

P
P

O
R

T
O

F
TH

E
C

A
N

A
D

IA
N

IN
T

E
R

N
A

T
IO

N
A

L
D

E
V

E
LO

P
M

E
N

T
A

G
E

N
C

Y
(C

ID
A

)
A

N
D

TH
E

W
O

R
LD

W
I

E
FU

N
D

FO
R

N
A

T
U

R
E

(W
W

F
-U

S
A

).

I~I
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6
,6

METHODS
O

F
SU

R
VEYIN

G
AND

M
O

NITO
RING

C
R

O
C

O
D

ILES.
A

.
G

raham

In
tro

d
u

c
tio

n

The
su

rve
yin

g
o

f
N

ile
c
ro

c
o

d
ile

(C
ro

co
d

ylu
s

n
ilo

tic
u

s
)

p
o

p
u

la
tio

n
s

to
su

p
p

o
rt

m
anagem

ent
program

m
es

p
ro

b
a

b
ly

began
w

ith
P

a
rke

r
and

G
raham

’s
(1

9
6

4
)

su
rve

y
o

f
p

a
rt

o
f

th
e

R
u

fiji
riv

e
r

p
o

p
u

la
tio

n
fo

r
th

e
T

a
n

za
n

ia
Cam

e
D

iv
is

io
n

w
ho

proposed
to

im
p

le
m

e
n

t
a

su
sta

in
e

d
y
ie

ld
cro

p
p

in
g

o
p

e
ra

tio
n

.
These

a
u

th
o

rs
com

pared
a

e
ria

l
su

rve
y

w
ith

ground
su

rve
ys

on
fo

o
t

by
n

ig
h

t
and

by
d

a
y,

and
day

and
n

ig
h

t
su

rve
ys

by
b

o
a

t.
S

urveys
on

fo
o

t
o

r
by

b
o

a
t

by
day

w
ere

q
u

ic
k
ly

re
je

c
te

d
w

h
ile

th
e

o
th

e
r

th
re

e
m

ethods
a

ll
found

good
a

p
p

lic
a

tio
n

d
e

p
e

n
d

in
g

on
te

rra
in

.
These

su
rve

y
te

ch
n

iq
u

e
s

had
lo

n
g

been
used

fo
r

A
m

erican
a

llig
a

to
r

(A
llig

~
a

to
r

m
is

s
is

ip
p

ie
n

s
is

)~
p

o
p

u
la

tio
n

s
(G

ile
s

&
C

h
ild

s
1949;

C
habreck

1
9

6
6

),
and

m
ore

re
c
e

n
tly

th
e

y
have

been
a

p
p

lie
d

in
A

u
s
tra

lia
M

essel
1978,

~
a

y
lis

s
e

ta
]..

1
9

8
7

),
P

apua
New

G
uinea

(G
raham

1981,
H

o
lla

n
d

s
1985)

as
w

e
ll

as
m

any
o

th
e

r
p

a
rts

o
f

A
fric

a
.

The
fie

ld
te

ch
n

iq
u

e
s

have
changed

little
o

ve
r

th
e

la
s
t

40
ye

a
rs.

H
e

lic
o

p
te

rs
have

been
com

pared
w

ith
fix

e
d

w
ing

a
irc

ra
ft

(P
a

rke
r

&
W

atson
1969)

w
ith

o
u

t
le

a
d

in
g

to
any

in
n

o
v
a

tio
n

.
An

added
te

ch
n

iq
u

e
has

been
v
e

rtic
a

l
a

e
ria

l
p

h
o

to
g

ra
p

h
y

to
sam

ple
le

n
g

th
fre

q
u

e
n

cy
d

is
trib

u
tio

n
s

and
h

a
b

ita
t

p
re

fe
re

n
ce

s
(P

a
rke

r
&

W
atson

1
9

6
9

).

W
h

ile
fie

ld
te

ch
n

iq
u

e
s

have
sta

ye
d

th
e

sam
e,

m
ethods

o
f

d
a

ta
a

n
a

ly
s
is

have
im

p
ro

ve
d

.
B

ut
b

e
fo

re
th

e
se

a
n

a
lyse

s
can

be
used

su
rve

ys
m

ust
be

d
e

sig
n

e
d

to
y
ie

ld
th

e
re

q
u

ire
d

d
a

ta
.

W
h

ile
th

is
m

ay
seem

o
b

vio
u

s,
it

is
a

fa
c
t

ch
a

t
m

ost
su

rve
ys

a
re

n
o

t
d

e
sig

n
e

d
to

a
llo

w
m

ore
th

a
n

th
e

s
im

p
le

s
t

o
f

a
n

a
lyse

s
and

th
e

tim
e—

honoured
p

ra
c
tic

e
o

f
m

aking
a

su
rve

y
firs

t
and

th
e

n
se

e
in

g
w

hat
can

be
done

w
ith

th
e

re
s
u

lts
,

u
s
u

a
lly

ve
ry

little
,

is
a

ll
to

o
com

m
on.

W
hat

fo
llo

w
s

is
a

re
vie

w
o

f
th

e
su

rve
y

and
m

o
n

ito
rin

g
m

ethods
s
u

ita
b

le
fo

r
N

ile
c
ro

c
o

d
ile

s
,

supplem
ented

by
re

fe
re

n
ce

s
to

o
th

e
r

sp
e

cie
s

w
here

a
p

p
ro

p
ria

te
.

T
h

e
ir

u
tility

is
e

va
lu

a
te

d
m

a
in

ly
in

th
e

co
n

te
xt

o
f

a
sse

ssin
g

p
o

p
u

la
tio

n
s
ta

tu
s

and
m

o
n

ito
rin

g
tre

n
d

s
fo

llo
w

in
g

m
anagem

ent
fo

r
e

x
p

lo
ita

tio
n

.

E
ach

su
rve

y
m

ethod
is

co
n

sid
e

re
d

s
e

p
a

ra
te

ly
,

w
ith

a
d

e
s
c
rip

tio
n

o
f

th
e

te
ch

n
iq

u
e

s,
recom

m
endations

on
d

e
sig

n
and

exam
ples

o
f

a
n

a
ly

s
is

fo
r

each.
The

ra
n

g
e

o
f

a
n

a
lyse

s
is

n
o

t
e

xh
a

u
stive

,
and

re
fe

re
n

ce
to

a
d

d
itio

n
a

l
m

ethods
is

m
ade

in
th

e
te

x
t.

S
in

ce
th

is
ch

a
p

te
r

is
q

u
ite

lo
n

g
and

co
m

p
le

x,
a

co
n

te
n

ts
lis

t
is

g
ive

n
to

a
s
s
is

t
c
la

rity
.
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d
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A
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C
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C
ro
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d

ile
s.

1.
Techniqj~ies:

1
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.
G

round
survey:

1
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A

e
ria

l
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D

esign
o

f
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2
.1

,
P
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cisio

n
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2
.1

.1
S

tra
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a
tio

n
2
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,2

S
am

pling
fra

c
tio

n
2

.1
.3

S
tratum

le
n

g
th

2
.1

.4
N

um
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o
f

sam
~ples

2
.1

.5
C

ro
co

d
ile

d
e

n
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2.2
A

ccuracy:
2

.2
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O
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b
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s
2

.2
.2

D
ivin~~g

and
concealm

ent
b

ia
s

2.3
D

ata
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rd
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g

:

3.
A

n
a

lysis
o

f
cro
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d

ile
co

u
n

ts.
3.1

T
o

ta
l

counts:
3.2

Sam
ple

counts:
3.3

O
bserver

b
ia

s:
3

.3
.1

D
ouble

co
u

n
t.

3
.3

.2
M

ark—
recapture.

B.
C

ounting
C

ro
co

d
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N
ests

1.
T
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2.

D
esign

o
f
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3.

A
n

a
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o
f
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u
n

ts.
3.1

V
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b
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s:
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C
o

rre
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n
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r
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m
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a
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r
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u
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4.
N
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e
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f
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d
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C
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A
e
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m
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f
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e
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g
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g
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cla
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S
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g
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ra
d
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irn

e
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S
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n
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m
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H
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~
~

C
ountit1g

C
rocod

tie
s

1.
T

e
ch

n
iq

u
e

s

1
.1

.
G

round
stirve

y:
(;rou~id

su
rve

ys
by

day,
w

h
e

th
e

r
on

fo
o

t
o

r
by

boat
a

re
seldom

done.
P

a
rke

r
&

G
raham

(1
9

6
4

)
re

p
o

rte
d

th
a

t
d

a
ytim

e
boat.

su
rve

ys
re

co
rd

e
d

o
n

ly
23%

o
l

a
n

im
a

ls
seen

O
n

th
e

sam
e

ro
u

te
surveyed

by
a

ir.
P

a
rke

r
&

W
atson

(1
9

6
9

)
re

co
rd

e
d

an
even

sm
a

lle
r

p
ro

p
o

rtio
n

(7%
).

S
p

o
tlig

h
t

co
u

n
ts

d
t

n
ig

h
t

have
been

th
e

m
ost

w
id

e
ly

used
te

ch
n

iq
u

e
to

su
rve

y
c
ro

c
o

d
ile

s
.

S
p

o
tlig

h
t

co
u

n
ts

d
e

ve
lo

p
e

d
from

th
e

e
xp

e
rie

n
ce

o
t

h
u

n
te

rs
w

ho
found

th
a

t
d

a
zzlin

g
c
ro

c
o

d
ile

s
w

ith
a

s
p

o
t-lig

h
t

m
ade

them
e

a
s
ie

r
to

fin
d

and
approach

th
a

n
by

d
a

y.
S

p
o

tlig
h

t
co

u
n

is
a

re
m

ade
fro

m
a

b
o

a
t

o
r

on
fo

o
t,

depending
on

circu
m

sta
n

ccs.
P

a
rke

r
&

G
raham

(1
9

6
4

)
m

ade
foot~

~
veys

a
lo

n
g

th
e

R
u

fiji
R

ive
r,

as
d

id
G

raham
(1968)

a
t

Lake
T

u
rka

n
a

,
in

s
itu

a
tio

n
s

w
here

boatw
ork

w
as

im
p

ra
c
tic

a
l.

U
s
u

a
lly

,
th

o
u

g
h

,
s
p

o
tlig

h
t

co
u

n
ts

a
re

m
ade

fro
m

a
boat

as
m

ore
ground

can
be

co
ve

re
d

,
and

m
any

riv
e

rs
ca

n
n

o
t

be
tra

ve
rse

d
a

lo
n

g
th

e
ir

banks.
A

ny
s
m

a
ll,

engine—
driven

boat
w

ill
do.

C
hoice

o
f

lig
h

t
depends

on
th

e
d

ista
n

ce
a

t
w

hich
c
ro

c
o

d
ile

s
a

re
to

be
o

b
se

rve
d

.
N

arrow
(cS

U
rn)

w
aterw

ays
a

re
a

d
e

q
u

a
te

ly
searched

w
ith

a
4

,5
V

,
3—

cell
to

rc
h

;
w

ide
riv

e
rs

or
la

ke
sh

o
re

s
need

m
ore

p
o

w
e

rfu
l

lig
h

ts
.

An
a

u
to

m
o

tive
s
p

o
tlig

h
t

pow
ered

by
a

12V
ca

r
b

a
tte

ry
is

th
e

m
ost

p
ra

c
tic

a
l

equipm
ent

because
th

e
se

a
re

re
a

d
ily

o
b

ta
in

e
d

and
s
e

rv
ic

e
d

.
F

u
rth

e
r

recom
m

endations
on

te
ch

n
iq

u
e

a
re

g
ive

n
in

P
e

rn
e

tta
&

B
u

rg
in

(1
9

8
0

),
M

urphy
&

C
oker

1983,
M

ontague
(198:1),

W
oodw

ard
&

M
a

rio
n

(1
9

7
8

)
and

H
u

tto
n

&
W

oolhouse
(in

p
re

s
s
).

1
.2

.
A

e
ria

l
su

rve
y:

T
h

is
te

ch
n

iq
u

e
developed

fro
m

2
g

e
n

e
ra

l
o

b
s
e

rv
a

tio
n

s
:

a
.

th
a

t
c
ro

c
o

d
ile

s
a

re
m

uch
e

a
s
ie

r
Co

see
from

above
th

a
n

a
t

w
a

te
r

le
v
e

l;
and

b.
la

rg
e

a
n

im
a

ls
in

p
a

rtic
u

la
r

seem
le

ss
a

p
t

to
d

ive
in

th
e

presence
o

f
an

a
e

ro
p

la
n

e
th

a
n

a
b

o
a

t.
A

sin
g

le
—

e
n

g
in

e
d

h
ig

h
w

ing
m

achine
ca

p
a

b
le

o
f

ste
e

p
,

tig
h

t
tu

rn
s

a
t

speeds
o

f
95—

13()
km

/h
is

e
s
s
e

n
tia

l.
C

essna
m

odels
in

th
e

range
C

i50—
210

have
a

ll
been

s
u

c
c
e

s
s
fu

lly
used

o
f

w
hich

th
e

l8
0

—
se

rie
s

m
odels

(p
a

rtic
u

la
rly

w
ith

R
obertson

STO
L

co
n

ve
rsio

n
s)

a
re

th
e

b
e

st
a

ll—
ro

u
n

d
m

a
ch

in
e

s.
P

ip
e

r
S

upercubs,
H

e
lio

C
o

u
rie

r
11295s

and
o

th
e

r
typ

e
s

a
re

a
lso

s
u

ita
b

le
.

P
a

rke
r

&
W

atson
(1

9
6

9
)

found
little

advantage
in

u
sin

g
a

h
e

lic
o

p
te

r,
e

ith
e

r
fo

r
d

a
y
lig

h
t

o
r

s
p

o
tlig

h
t

co
u

n
ts,

p
a

rtic
u

la
rly

w
hen

th
e

h
ig

h
h

o
u

rly
co

st
(3—

5
tim

e
s

th
a

t
o

f
a

fix
e

d
w

in
g

)
w

as
ta

ke
n

in
to

a
cco

u
n

t.
T

h
is

co
st

la
c
to

r
is

e
a

s
ily

d
o

u
b

le
d

if
th

e
slo

w
e

r
speeds

a
v
a

ila
b

le
from

h
e

lic
o

p
te

rs
a

re
e

x
p

lo
ite

d
;

if
th

e
y

a
re

n
o

t,
th

e
n

th
e

re
is

no
p

o
in

t
in

sp
e

n
d

in
g

th
e

e
x
tra

m
oney

in
th

e
firs

t
p

la
ce

,
In

g
e

n
e

ra
l,

o
n

ly
e

x
tra

v
a

g
a

n
tly

funded
a

g
e

n
cie

s
can

ju
s
tify

h
e

lic
o

p
te

rs
.

R
ecent

developm
ents

in
m

ic
ro

lig
h

t
a

irc
ra

ft
d

e
sig

n
have

re
s
u

lte
d

in
m

achines
such

as
th

e
S

hadow
M

kl
and

Z
e

n
a

ir
STO

L
CII

701
w

ith
im

p
re

ssive
s
p

e
c
ific

a
tio

n
s

fo
r

s
a

fe
ty

and
p

e
rfo

rm
a

n
ce

,
and

low
c
a

p
ita

l
and

o
p

e
ra

tin
g

c
o

s
ts

.
W

h
ile

th
e

y
have

ye
t

to
be

a
p

p
lie

d
to

c
ro

c
o

d
ile

su
rve

ys
th

e
y

co
u

ld
re

v
o

lu
tio

n
iz

e
co

st—
e

ffe
ctive

n
e

ss,
and

a
re

a
lm

o
st

c
e

rta
in

to
fin

d
an

im
p

o
rta

n
t

p
la

ce
in

m
o

n
ito

rin
g

program
m

es.

C
hoice

o
f

p
ilo

t
is

c
ritic

a
l.

B
est

use
o

f
an

a
e

ro
p

la
n

e
is

u
s
u

a
lly



c~btained
if

one
o

b
se

rve
r

d
o

u
b

le
s

as
p

ilo
t.

E
xp

e
rie

n
ce

d
b

io
lo

g
is

t—
P

ilo
ts

a
re

a
lm

o
st

in
d

isp
e

n
sa

b
le

to
good

su
rve

y
p

ra
c
tic

e
fo

r
tw

o
re

a
so

n
s:

a
.

P
ro

fe
ssio

n
a

l
p

ilo
ts

ra
re

ly
have

th
e

e
c
o

lo
g

ic
a

l
know

—
how

re
q

u
ire

d
to

p
o

s
itio

n
an

a
irc

ra
ft

fo
r

an
o

b
se

rve
r

to
g

a
in

a
c
o

n
s
is

te
n

t
vie

w
o

f
th

e
fe

a
tu

re
s

he
needs

to
see;

b.
p

ro
fe

s
s
io

n
a

l
p

ilo
ts

a
re

ty
p

ic
a

lly
re

lu
c
ta

n
t

to
m

ake
th

e
u

n
co

o
rd

in
a

te
d

tu
rn

s
a

t
ve

ry
low

speeds
near

th
e

ground
w

hich
a

re
e

s
s
e

n
tia

l
w

hen
su

rve
yin

g
m

eandering
ch

a
n

n
e

ls.
W

atson~
T

ip
p

e
tt.

&
J
o

lly
(1

9
8

1
)

found
no

d
iffe

re
n

c
e

in
co

u
n

tin
g

e
ffic

ie
n

c
y

betw
een

o
b

se
rve

rs
o

n
ly

,
and

o
b

se
rve

r—
p

ilo
ts.

C
ro

co
d

ile
s

a
re

com
m

only
su

rve
ye

d
fro

m
25—

5t)
m

above
w

a
te

r
le

v
e

l.
In

th
e

case
o

f
s
tro

n
g

ly
m

eandering
riv

e
rs

and
d

e
ru

d
ritic

la
ke

sh
o

re
s

a
s
p

ira
l

flig
h

t
p

a
th

is
u

s
u

a
lly

th
e

b
e

st
w

ay
o

f
fo

llo
w

in
g

th
e

w
a

te
rlin

e
.

2.
D

esigp
o

f
C

ounts

B
e

fo
re

d
iscu

ssin
g

d
e

sig
n

c
e

rta
in

te
rm

s
need

to
be

d
e

fin
e

d
.

B
ecause

a
co

u
n

t
o

f
w

i].d
a

n
im

a
ls

is
n

e
ve

r
e

xd
ct

it
is

a
lw

a
ys

an
e

stim
a

te
.

An
e

stim
a

te
can

be
m

ade
by

a
tte

m
p

tin
g

to
co

u
n

t
a

ll
c
ro

c
o

d
ile

s
in

th
e

su
rve

y
re

g
io

n
(a

to
ta

l
co

u
n

t)
o

r
o

n
ly

som
e

o
f

them
(a

sam
ple

c
o

u
n

t).
In

a
sam

ple
co

u
n

t
ty

p
ic

a
l

p
a

rts
o

f
th

e
region—

sam
ples

—
a

re
chosen,

th
e

c
ro

c
o

d
ile

s
in

them
a

re
co

u
n

te
d

and
th

e
re

s
u

lts
e

x
tra

p
o

la
te

d
to

th
e

w
hole

re
g

io
n

.
u

n
le

ss
a

su
rve

y
re

g
io

n
is

ve
ry

sm
a

ll
it

i.s
in

e
ffic

ie
n

t
to

a
tte

m
p

t
a

to
ta

l
co

u
n

t.
M

uch
b

e
tte

r
use

o
f

re
so

u
rce

s
is

m
ade

by
sa

m
p

lin
g

,
and

m
ost

o
f

w
hat

fo
llo

w
s

co
n

ce
rn

s
sam

ple
co

u
n

ts.

The
q

u
a

lity
o

f
an

e
stim

a
te

o
f

p
o

p
u

la
tio

n
s
iz

e
,

Y,
is

assessed
in

tw
o

w
ays:

by
its

p
re

c
is

io
n

and
its

a
ccu

ra
cy.

A
ccuracy

is
th

e
clo

se
n

e
ss

o
f

an
e

stim
a

te
to

th
e

a
c
tu

a
l

num
bers,

and
th

e
s
ta

tis
tic

a
l

m
easure

o
f

a
ccu

ra
cy

is
c
a

lle
d

b
ia

s
—

th
e

d
iffe

re
n

c
e

betw
een

th
e

tru
e

num
bers

and
th

e
e

s
tim

a
te

.
B

ia
s

is
caused

by
th

e
fa

ilu
re

to
see

a
ll

th
e

a
n

im
a

ls
in

th
e

sam
ple

a
re

a
s.

P
re

c
is

io
n

is
th

e
random

v
a

ria
tio

n
am

ong
co

u
n

ts,
and

th
e

s
ta

tis
tic

a
l

m
easure

o
f

p
re

c
is

io
n

is
th

e
sa

m
p

lin
g

e
rro

r,
u

s
u

a
lly

show
n

as
th

e
m

ean
e

stim
a

te
+

its
sta

n
d

a
rd

e
rro

r
(S

E
).

A
n

o
th

e
r

w
ay

is
to

show
it

as
th

e
c
o

e
ffic

ie
n

t
o

f
v
a

ria
tio

n
(C

V
)

w
hich

is
th

e
S~

as
a

p
e

rce
n

ta
g

e
o

f
th

e
e

s
tim

a
te

.
An

exam
ple

m
ay

h
e

lp
to

d
is

tin
g

u
is

h
betw

een
p

re
c
is

io
n

and
a

ccu
ra

cy.
C

o
n

sid
e

r
a

p
o

p
u

la
tio

n
o

f
300

c
ro

c
o

d
ile

s
.

A
sam

ple
co

u
n

t
m

ig
h

t
re

tu
rn

an
e

stim
a

te
o

f
200

~
12

(S
E

).
A

lth
o

u
g

h
th

is
is

an
in

a
c
c
u

ra
te

(:L
.e

.
b

ia
se

d
)

e
stim

a
te

o
f

th
e

a
c
tu

a
l

num
bers

it
is

ve
ry

p
re

cise
because

th
e

sta
n

d
a

rd
e

rro
r

is
ve

ry
sm

a
ll

(C
V

o
f

6%
).

A
lte

rn
a

tiv
e

ly
th

e
co

u
n

t
m

ig
h

t
have

le
d

to
an

e
stim

a
te

o
f,

sa
y,

295
j

18(S
E

).
T

h
is

is
a

ve
ry

a
ccu

ra
te

(i.e
.

u
n

b
ia

se
d

)
e

stim
a

te
o

f
th

e
a

c
tu

a
l

num
bers,

and
has

th
e

sam
e

p
re

c
is

io
n

(C
V

o
f

6%
).

H
ad

th
e

CV
o

f
th

e
a

ccu
ra

te
e

stim
a

te
been,

sa
y,

12%
in

ste
a

d
o

f
6%

th
e

a
ccu

ra
cy

w
ould

o
f

co
u

rse
have

rem
ained

th
e

sam
e

b
u

t
th

e
p

re
c
is

io
n

w
ould

have
d

e
te

rio
ra

te
d

.
In

te
rm

s
o

f
d

e
sig

n
,

p
re

c
is

io
n

is
la

rg
e

ly
a

m
a

tte
r

o
f

re
d

u
cin

g
th

e
v
a

ria
tio

n
am

ong
co

u
n

ts,
and

a
ccu

ra
cy

la
rg

e
ly

a
m

a
tte

r
o

f
e

s
tim

a
tin

g
(and

then
c
o

rre
c
tin

g
)

th
e

v
a

ito
u

s
so

u
rce

s
o

f
v
is

ib
ility

b
ia

s
th

a
t

a
re

in
v
a

ria
b

ly
p

re
se

n
t

in
c
ro

c
o

d
ile

co
u

n
ts.



If
an

estim
ate

alw
ays

re
fle

c
ts

the
sam

e
p

ro
p

o
rtio

n
o

f
the

tru
e

p
o

p
u

la
tio

n
it

can
be

used
as

an
index

ot
p

o
p

u
la

tio
n

size
.

Any
change

in
the

p
o

p
u

la
tio

n
w

ould
be

re
fle

cte
d

in
the

index.
C

le
a

rly,
fo

r
such

changes
to

be
detect~b1e

p
re

cise
estim

ates
are

needed.
To

determ
ine

w
hether

tw
o

estim
ates

are
s
ta

tis
tic

a
lly

d
iffe

re
n

t
a

fu
rth

e
r

m
easure

o
f

p
re

cia
w

n
,

the
confidence

lim
it,

(C
L)

is
used.

C
onfidence

lim
its

are
ca

lcu
la

te
d

from
the

S1~
(see

S
ection

3)
and

m
easure

the
range

o
f

u
n

ce
rta

in
ty

around
an

e
stim

a
te

.
O

nly
if

th
e

ir
CLs

do
not

o
ve

rla
p

can
tw

o
estim

ates
be

taken
as

s
ig

n
ific

a
n

tly
d

iffe
re

n
t.

To
e

stim
a

te
a

p
o

p
u

la
tio

n
by

sam
pling,

each
count

o
f

cro
co

d
ile

s
is

expressed
as

a
d

e
n

sity,
the

num
ber

o
f

c’rocodilos/km
.

The
average

o
f

a
ll

the
sam

ple
d

e
n

sitie
s

is
then

ca
lcu

la
te

d
and

th
is

m
ean

d
e

n
sity

m
u

ltip
lie

d
by

the
to

ta
l

le
n

g
th

of
riv

e
r

in
the

re
g

io
n

to
g

ive
an

e
stim

a
te

o
f

the
w

hole
populat~

on.
The

region
to

be
surveyed

is
g

e
n

e
ra

lly
d

ivid
e

d
in

to
se

ctio
n

s
or

s
tra

ta
.

A
stratum

is
u

su
a

lly
a

d
is

tin
c
t

h
a

b
ita

t
typ

e
,

m
odified

by,
fo

r
exam

ple,
a

reconnaissance
survey

or
lo

ca
l

know
ledge,

to
d

e
fin

e
an

area
w

ith
reasonably

uniform
cro

co
d

ile
d

e
n

sitie
s.

S
am

pling
fra

c
tio

n
is

the
percentage

o
f

the
le

n
g

t
o

f
a

stratum
th

a
t

is
sam

pled.
The

m
ost

im
portant

design
fe

n
t’ire

s
to

bear
in

m
ind

arc
o

u
tlin

e
d

below
.

They
apply

e
q

u
a

lly
to

a
ct’ia

l
and

ground
surveys,

and
address

the
tw

o
m

ain
concerns

o
f

any
v~m

ple
count

—
p

re
cisio

n
and

accuracy.

2
.1

.
P

re
cisio

n
:

The
m

ain
fa

cto
rs

L
n

flu
e

n
cii’g

p
re

cisio
n

are
o

u
tlin

e
d

below
.

2.1.1
S

tra
tific

a
tio

n
.

C
ro

co
d

ile
s,

even
in

com
paratively

hom
ogeneous

environm
ents,

are
not

u
n

ifo
rn

ly
d

is
trib

u
te

d
.

G
raham

(1968)
observed

d
e

n
sitie

s
on

the
east

shore
o

f
Lake

Turkana
ranging

from
1—

112.5/km
.

S
im

ila
rly

P
arker

&
W

atson
(1969)

recorded
d

e
n

sitie
s

ranging
from

l.7
.-8

6
.7

/kn
i

on
the

V
ic

to
ria

N
ile

w
here

it
tra

ve
rse

s
N

urchison
F

a
lls

N
a

tio
n

a
l

P
ark.

The
p

ra
c
tic

a
l

im
p

lica
tio

n
is

th
a

t
if

sam
ples

are
taken

from
the

w
hole

region
these

m
ay

yie
ld

an
accurate

m
ean

d
e

n
sity,

but
the

la
rg

e
va

ria
tio

n
am

ong
c~unts

w
ill

re
s
u

lt
in

a
la

rg
e

CV.
The

CV
can

be
s
u

b
s
ta

n
tia

lly
reduced

by
s
tra

tify
in

g
the

re
g

io
n

in
to

arena
o

f
s
im

ila
r

d
e

n
sity,

sam
pling

each
o

f
these

se
p

a
ra

te
ly,

anti
then

m
erging

the
s
tra

ta
l

estim
ates

(see
S

ection
3).

2
.1

.2
S

am
jlin.g

fra
ctio

r.~
O

f
a

ll
the

design
fa

cto
rs

w
hich

can
be

m
anipulated,

sam
pling

fra
c
tio

n
e

xe
rts

the
stro

n
g

e
st

in
flu

e
n

ce
on

the
CV,

w
hich

decreases
by

the
square

ro
o

t
o

f
incren~

od
fra

c
tio

n
o

f
stratum

sam
pled.

2
.1

.3
S

tratum
len~~th.

For
a

given
sam

pling
fra

c
tio

n
the

CV
decreases

by
the

square
ro

o
t

o
f

in
cre

a
sin

g
stra

tu
m

size
.

As
stratum

size
is

fixe
d

a
la

rg
e

r
sam

pling
fra

c
tio

n
has

to
be

a
p

p
lie

d
in

the
sm

a
lle

r
stra

ta
to

achieve
a

given
ta

rg
e

t
CV.



2
.1

.4
N

um
ber

o
f

sa
m

p
le

s.
The

sa
m

p
lin

g
fra

c
tio

n
m

ay
co

m
p

rise
a

few
la

rg
e

o
r

m
any

sm
a

ll
sam

ples.
F

or
a

g
ive

n
sa

m
p

lin
g

fra
c
tio

n
th

e
num

ber
o

f
sam

ples
has

no
e

ffe
c
t

on
C

V,
b

u
t
it

does
d

e
te

rm
in

e
p

re
c
is

io
n

in
term

s
o

f
co

n
fid

e
n

ce
lim

its
,

w
h

ich
n

a
rro

w
w

ith
in

c
re

a
s
in

g
num

ber
o

f
sam

ples
up

to
a

b
o

u
t

30.
A

g
ive

n
sa

m
p

lin
g

fra
c
tio

n
sh

o
u

ld
be

broken
in

to
as

m
any

sm
a

ll
sam

ples
as

p
o

ssib
le

ra
th

e
r

than
in

to
a

few
la

rg
e

ones.

2
.1

.5
C

ro
co

d
ile

d
e

n
s
ity

.
To

o
b

ta
in

a
g

ive
n

CV
h

ig
h

d
e

n
s
ity

s
tra

ta
re

q
u

ire
a

la
rg

e
sa

m
p

lin
g

fra
c
tio

n
because

th
e

CV
is

p
ro

p
o

rtio
n

a
l

to
a

n
im

a
l

d
e

n
s
ity

.
S

am
pling

e
ffo

rt
sh

o
u

ld
be

a
llo

c
a

te
d

am
ong

s
tra

ta
in

p
ro

p
o

rtio
n

to
th

e
square

ro
o

t
o

f
d

e
n

s
ity

o
f

c
ro

c
o

d
ile

s
in

each
stra

tu
m

.

T
here

is
no

cu
t

and
d

rie
d

p
ro

ce
d

u
re

fo
r

d
e

sig
n

in
g

th
e

m
ost

econom
ical

sa
m

p
lin

g
program

m
e

p
rio

r
to

a
su

rve
y.

Som
e

id
e

a
o

f
the

sa
m

p
lin

g
e

rro
r

has
to

be
o

b
ta

in
e

d
firs

t
w

hich
can

be
done

by
ta

kin
g

a
com

m
orisense

approach
a

lo
n

g
th

e
fo

llo
w

in
g

lin
e

s
.

A
fte

r
s
tra

tific
a

tio
n

,
co

n
ce

n
tra

te
sa

m
p

lin
g

e
ffo

rt
on

th
e

h
ig

h
d

e
n

s
ity

s
tra

ta
.

Low
d

e
n

s
ity

s
tra

ta
c
o

n
trib

u
te

little
to

th
e

to
ta

l
p

o
p

u
la

tio
n

and
th

o
u

g
h

la
rg

e
C

Ys
a

re
lik

e
ly

from
sm

a
ll

sa
m

p
lin

g
fra

c
tio

n
s

th
e

se
w

ill
re

p
re

s
e

n
t,

in
term

s
o

f
va

ria
n

ce
,

o
n

ly
sm

a
ll

c
o

n
trib

u
tio

n
s

to
th

e
to

ta
l

pooled
va

ria
n

ce
.

L
ike

w
ise

,
in

a
ccu

ra
cie

s
w

ill
have

re
la

tiv
e

ly
sm

a
ll

e
ffe

c
ts

.
M

ost
su

rve
ys

apply
a

sa
m

p
lin

g
fra

c
tio

n
o

f
5—

20%
to

each
stra

tu
m

,
th

e
lim

it
u

su
a

lly
b

e
in

g
se

t
by

b
u

d
g

e
t.

A
p

ra
c
tic

a
l

s
o

lu
tio

n
is

to
s
ta

rt
sa

m
p

lin
g

,
c
a

lc
u

la
te

th
e

CV
on

th
e

sp
o

t
a

fte
r

a
few

sam
ples,

and
then

use
C

a
u

g
h

le
y’s

(1
9

7
9

)
fo

rm
u

la
to

p
re

d
ic

t
th

e
to

ta
l

sa
m

p
lin

g
fra

c
tio

n
re

q
u

ire
d

to
a

ch
ie

ve
th

e
d

e
sire

d
CV

as
fo

llo
w

s
:

R
e

q
u

ire
d

sa
m

p
lin

g
p

ilo
t

sa
m

p
lin

g
V

a
ria

n
ce

Y
fra

c
tio

n
(%

)
fra

c
tio

n
(%

)
c

(?
x

ta
rg

e
t

C
V

)2

If
n

e
ce

ssa
ry,

th
e

sa
m

p
lin

g
is

th
e

n
in

cre
a

se
d

to
th

e
p

re
d

icte
d

le
v
e

l.

The
q

u
e

stio
n

then
a

ris
e

s
as

to
w

hat
CV

to
aim

fo
r.

The
answ

er
can

be
in

fe
rre

d
from

C
a

u
g

h
le

y’s
(1

9
7

9
)

ru
le

o
f

thum
b

w
hich

s
ta

te
s

th
a

t
fo

r
tw

o
su

cce
ssive

p
o

p
u

la
tio

n
e

stim
a

te
s

to
have

a
95%

chance
o

f
b

e
in

g
s
ig

n
ific

a
n

tly
d

iffe
re

n
t

th
e

ir
C

Vs
m

ust
be

<33%
o

f
th

e
p

e
rce

n
ta

g
e

d
iffe

re
n

c
e

betw
een

th
e

e
stim

a
te

s.
T

h
is

m
eans

th
a

t
an

a
p

p
a

re
n

t
12%

in
cre

a
se

in
d

e
n

s
ity

needs
to

he
e

stim
a

te
d

w
ith

a
CV

o
f

<4%
—

a
ra

re
ly

e
n

co
u

n
te

re
d

p
re

c
is

io
n

.
E

ven
a

50%
in

cre
a

se
(o

r
d

e
cre

a
se

)
in

d
e

n
s
ity

needs
to

be
e

stim
a

te
d

w
ith

C
Vs

<16%
,

w
hich

w
ill

o
n

ly
be

p
o

ssib
le

in
s
tra

ta
w

ith
ia

irly
u

n
ifo

rm
d

e
n

s
itie

s
.

The
p

o
in

t
to

n
o

te
is

th
a

t
if

p
o

p
u

la
tio

n
tre

n
d

s
a

re
to

be
m

o
n

ito
re

d
a

w
e

ll
d

e
sig

n
e

d
sa

m
p

lin
g

program
m

e
w

hich
a

im
s

fo
r

C
Vs

in
th

e
5—

15%
range

is
e

s
s
e

n
tia

l.
O

th
e

rw
ise

o
n

ly
d

ra
s
tic

changes
W

ill
be

s
ta

tis
tic

a
lly

d
e

te
c
ta

b
le

.

To
sum

up
sa

m
p

lin
g

d
e

sig
n

:
S

tra
tific

a
tio

n
is

p
a

rt
o

f
th

e
S

am
pling

p
ro

ce
ss;

do
n

o
t

skim
p

it.
C

o
n

ce
n

tra
te

on
th

e
denser

S
tra

ta
.

P
ress

fo
r

th
e

la
rg

e
s
t

sa
m

p
lin

g
fra

c
tio

n
tim

e
and

m
oney

W
ill

a
llo

w
and

d
iv

id
e

it
in

to
as

m
any

random
ly

lo
ca

te
d

sam
ples

as



p
o

S
s
ib

le
.

Id
e

a
lly

,
a

t
le

a
s
t

30
sam

ples
shoLild

be
ta

ke
n

,
w

hich
is

o
fte

n
an

im
p

ra
c
tic

a
l

num
ber.

A
ru

le
o

f
thum

b
fo

r
d

e
cid

in
g

on
th

e
nw

uIw
r

o
f

sam
ples,

n,
is

n
=

(4
/co

n
fid

e
n

ce
lim

its
d

e
sire

d
)

x
C

V
2

To
fit

a
p

p
ro

xim
a

te
co

n
fid

e
n

ce
lim

its
to

an
e

stim
a

te
,

Y,
add

o
r

s
u

b
tra

c
t

I
A

t
x
jV

a
r(Y

)/6
Y

to
Y

and
square

th
e

re
s
u

lts
.

(
t

is
S

tudeut—
t.

va
lu

e
from

ta
b

le
s

fo
r

th
e

a
p

p
ro

p
ria

te
degrees

o
f

fre
e

d
o

m
).

T
h

is
m

ethod
(Jo

IJ.y
1981,

p
.2

1
4

)
a

vo
id

s
n

e
g

a
tive

va
lu

e
s

fo
r

th
e

lo
w

e
r

lim
it.

2
.2

A
ccu

ra
cy:

A
ll

co
u

n
ts

o
f

fre
e

—
ra

n
g

in
g

w
ild

a
n

im
a

ls
u

n
d

e
re

stim
a

te
tru

e
num

bers
because

som
e

a
n

im
a

ls,
though

v
is

ib
le

,
a

re
o

ve
rlo

o
ke

d
,

and
som

e
a

re
h

id
d

e
n

from
th

e
o

b
se

rve
r.

The
c
o

n
tro

l
o

f
th

csc
e

rro
rs

(c
o

lle
c
tiv

e
ly

term
ed

v
is

ib
ility

b
ia

s
)

is
one

o
f

th
e

p
rin

c
ip

a
l

ta
sks

o
f

d
e

sig
n

.
C

o
n

scie
n

tio
u

s
te

ch
n

iq
u

e
and

s
o

p
h

is
tic

a
te

d
a

n
a

lyse
s

a
re

w
asted

in
th

e
a

fte
rm

a
th

o
f

poor
d

e
sig

n
.

in
a

d
d

itio
n

to
o

b
se

rve
r

b
ia

s
from

v
is

ib
le

but
o

ve
rlo

o
ke

d
a

n
im

a
ls

it
is

n
e

ce
ssa

ry
to

re
co

g
n

ize
2

c
a

te
g

o
rie

s
o

f
in

v
is

ib
le

c
ro

c
o

d
ile

s
:

a
.

th
o

se
h

id
d

e
n

by
ve

g
e

ta
tio

n
(o

r
o

th
e

r
o

b
s
tru

c
tio

n
s
);

and
b.

th
o

se
u

n
d

e
rw

a
te

r
a

t
th

e
tim

e
o

f
o

b
s
e

rv
a

tio
n

.
These

th
re

e
ca

te
g

o
rie

s
o

f
v
is

ib
ility

b
ia

s
(see

T
a

b
le

1)
have

d
iffe

re
n

t
e

ffe
c
ts

and
re

q
u

ire
d

iffe
re

n
t

d
e

sig
n

s
to

d
e

a
l

w
ith

them
.

2
.2

.1
O

bserver
b

ia
s
.

The
o

n
ly

p
ra

c
tic

a
l.

m
ethod

o
f

e
s
tim

a
tin

g
o

b
se

rve
r

b
ia

s
in

th
e

v
is

ib
le

p
o

p
u

la
tio

n
is

to
m

ake
sim

u
lta

n
e

o
u

s
double—

counts.

The
sim

u
lta

n
e

o
u

s
double—

count
(C

a
u

g
h

icy
&

G
rice

1982,
G

raham
&

h
e

ll
in

p
re

ss)
re

q
u

ire
s

tw
o

o
b

se
rve

rs
w

o
rkin

g
in

tandem
to

in
d

e
p

e
n

d
e

n
tly

co
u

n
t

th
e

sam
e

c
ro

c
o

d
ile

s
.

The
re

a
r

o
b

se
rve

r
n

o
tifie

s
th

e
fro

n
t

o
b

se
rve

r
o

f
e

ve
ry

c
ro

c
o

d
ile

he
sees

w
hich

th
e

fro
n

t
o

b
se

rve
r

re
co

rd
s

as
e

ith
e

r
as

seen
by

him
a

ls
o

,
o

r
by

th
e

re
a

r
o

b
se

rve
r

o
n

ly
.

A
t

th
e

sam
e

tim
e

th
e

fro
n

t
o

b
se

rve
r

re
co

rd
s

a
th

ird
ca

te
g

o
ry

o
f

c
ro

c
o

d
ile

s
seen

onl.y
by

him
.

T
h

is
iro

ce
d

u
re

is
sim

p
le

and
need

n
o

t
in

te
rru

p
t

a
w

ide—
ranging

su
rve

y,
as

th
e

fro
n

t
o

b
se

rve
r

is
needed

o
n

ly
to

m
ake

a
double—

count
o

f
a

few
sam

ple
a

re
a

s
w

hich
can

be
p

a
rt

o
f

th
e

m
ain

su
rve

y.
The

c
ritic

a
l

re
q

u
ire

m
e

n
t

is
th

a
t

th
e

tandem
o

b
se

rve
rs

m
ust

not,
c
o

llu
d

e
in

s
p

o
ttin

g
a

c
ro

ro
d

ile
.

if
d

e
n

s
itie

s
a

re
ve

ry
low

and
good

p
h

o
to

s
o

r
m

aps
e

x
is

t
on

w
hich

a
n

im
a

ls
can

be
p

re
c
is

e
ly

p
lo

tte
d

th
e

re
need

be
no

co
m

m
u

n
ica

tio
n

betw
een

o
b

se
rve

rs,
as

th
e

th
re

e
c
a

te
g

o
rie

s
o

f
s
ig

h
tin

g
s

can
be

cre
a

te
d

a
fte

rw
a

rd
s

from
th

e
ir

re
s
p

e
c
tiv

e
m

aps.

2
.2

.2
D

ivin
g

and
concealm

ent
b

ia
s
.

P
roblem

s
o

f
d

iv
in

g
and

co
n

ce
a

lm
e

n
t

b
ia

s
w

ill
be

d
iscu

sse
d

to
g

e
th

e
r

as
no

s
tu

d
ie

s
have

ye
t

been
m

ade
w

hich
a

p
o

rtio
n

th
e

re
la

tiv
e

c
o

n
trib

u
tio

n
s

o
f

th
e

se
e

rro
rs

.
A

stu
d

y
by

H
u

tto
n



81

T
able

6~
6(1):

C
lass

o
f

v
is

ib
ility

b
ia

s

M
ain

sources
o

f
v
is

ib
ility

b
ia

s
in

cro
co

d
ile

counts,
th

e
ir

com
parative

e
ffe

c
ts

and
m

ethods
o

f
com

pensating
fo

r
them

.

E
ffe

ct
A

p
p

ro
p

ria
te

m
ethods

fo
r

d
e

rivin
g

co
rre

ctio
n

fa
cto

rs

O
B

S
F~V

~
B

IA
S

L
ik

e
ly

to
be

co
m

p
a

ra
tive

ly
S

im
ultaneous

double—
V

is
ib

le
anim

als
evenly

spread
am

ong
counts

overlooked
by

h
a

b
ita

ts
and

seasons
B

ounded
counts

obeerver

D
IV

IN
G

B
IA

S
L

ik
e

ly
to

be
co

m
p

a
ra

tive
ly

M
ark—

recapture
A

nim
als

under’-
evenly

spread
am

ong
experim

ents
w

ater
a

t
tim

e
h

a
b

ita
ts

and
seasons

o
f

obeervation

ODNCEAIJ4E2~t
B

IA
S

L
ik

e
ly

to
va

ry
w

id
e

ly
S

urvey
a

t
low

w
a

te
r

A
nim

als
hidden

am
ong

h
a

b
ita

ts
and

(riv
e

rs
&

lakes)
fo

r
by

ve
g

e
ta

tio
n

seasons
p

a
rtia

i
co

rre
ctio

n
.

o
r

o
th

e
r

physi—
No

m
ethods

fa
r

sw
am

ps
ca

l
o

b
e

tru
ctions

3U
rA

L
V

IS
IB

ILIT
Y

H
ig

h
ly

va
ria

b
le

M
ark—

recapture
(except

in
B

IA
S

sw
am

ps)
C

auses
not

Index
by

re
fe

re
n

ce
to

nest
id

e
n

tifie
d

e
ffo

rt
Index

w
ith

h
a

rve
st

rem
oval

data



(1984)
o

f
a

p
o

p
u

la
tio

n
o

f
N

ile
cro

co
d

ile
s

a
t

Lake
N

gezi
(Zim

babw
e)

q
u

a
n

tifie
d

both
the

to
ta

l
v
is

ib
ility

b
ia

s
caused

by
unseen

cro
co

d
ile

s
d

u
rin

g
s
p

o
tlig

h
t

counts
and

the
e

ffe
c
ts

o
f

11
environm

ental
fa

cto
rs

on
the

p
ro

p
o

rtio
n

o
f

the
p

o
p

u
la

tio
n

counted
on

a
given

occasion.
F

o
rty

s
ix

s
p

o
tlig

h
t

counts
w

ere
m

ade
over

a
3—

year
p

e
rio

d
.

A
t

the
sam

e
tim

e
to

ta
l

p
o

p
u

la
tio

n
estim

ates
w

ere
m

ade
from

a
continuous

m
ark—

recapture
e

xe
rcise

.
O

f
the

11
fa

cto
rs

te
ste

d
,

w
ater

le
v
e

l
alone

accounted
fo

r
61.0%

o
f

to
ta

l
v
a

ria
tio

n
,

w
ith

m
axim

um
day

tem
perature

and
m

inim
um

previous
evening

tem
perature

accounting
fo

r
a

fu
rth

e
r

12.0%
.

U
nder

the
best

survey
co

n
d

itio
n

s
p

o
ssib

le
,

as
determ

ined
from

the
environm

ental
in

flu
e

n
ce

m
easurem

ents,
th

e
re

w
as

only
a

63%
chance

o
f

co
u

n
tin

g
a

cro
co

d
ile

.
U

nder
the

w
orst

co
n

d
itio

n
s

o
n

ly
10%

w
ere

seen
(H

utton
&

W
oolhouse

in
p

re
ss).

B
a

yliss
e

ta
l.

(1986)
in

a
m

ark—
recapture

experim
ent

in
N

orthern
A

u
stra

lia
,

s
im

ila
rly

recorded
62%

o
f

the
to

ta
l

p
o

p
u

la
tio

n
o

f
sa

ltw
a

te
r

cro
co

d
ile

s
(C

.porosu~
)

d
u

rin
g

s
p

o
tlig

h
t

counts
in

riv
e

rs
fre

e
o

f
ve

g
e

ta
tio

n
,

w
hich

dropped
to

34%
in

w
inding

channels
w

ith
th

ic
k

ve
g

e
ta

tio
n

.

The
fin

d
in

g
o

f
H

utton
&

W
oolhouse

(in
press)

th
a

t
under

the
m

ost
fa

vo
u

ra
b

le
co

n
d

itio
n

s,
w

hen
w

ater
le

v
e

l
w

as
low

w
ith

little
ve

g
e

ta
tio

n
or

o
th

e
r

co
ve

r,
o

n
ly

63%
o

f
the

to
ta

l
cro

co
d

ile
s

w
ere

seen
leads

to
the

co
n

clu
sio

n
th

a
t

37%
w

ere
underw

ater.
The

B
a

yliss
a

t
a

l.
(1986)

fig
u

re
o

f
62%

in
open

riv
e

rs
can

be
s
im

ila
rly

in
te

rp
re

te
d

.
O

nly
fu

rth
e

r
stu

d
ie

s
w

ill
determ

ine
w

hether
th

is
d

ivin
g

s
ta

tis
tic

is
w

id
e

ly
a

p
p

lica
b

le
,

or
a

va
ria

b
le

and
stro

n
g

ly
p

o
p

u
la

tio
n

~
sp

e
cific

param
eter.

Th~
B

a
yliss

~
a

!.
(1986)

found
th

a
t

la
rg

e
sa

ltw
a

te
r

cro
co

d
ile

s
w

ere
m

ore
lik

e
ly

to
d

ive
than

sm
all

ones.
A

fa
irly

const~
nt

p
ro

b
a

b
ility

o
f
±

.7
o

f
seeing

a
cro

co
d

ile
up

to
2

m
in

1e~igth
d

e
clin

e
d

to
only

.15
in

th
e

case
o

f
anim

als
>3

m
lo

n
g

.
A

s
im

ila
r

size
re

la
te

d
e

ffe
c
t

m
ay

prove
to

apply
to

N
ile

cro
co

d
ile

s.

These
m

ark—
recapture

experim
ents

em
phasize

a
c
ru

c
ia

l
fe

a
tu

re
o

f
the

design
o

f
cro

co
d

ile
co

u
n

ts:
s
ta

b
iliz

a
tio

n
o

f
co

u
n

tin
g

te
ch

n
iq

u
e

.
A

e
ria

l
o

r
s
1

o
tlig

h
t

counts
w

ill
alw

ays
co

n
ta

in
la

rg
e

e
rro

rs
due

to
o

b
se

rve
r,

concealm
ent

and
d

ivin
g

b
ia

s.
W

hile
th

e
re

are
designs

to
cope

w
ith

observer
b

ia
s,

m
ark—

recapture
is

the
o

n
ly

m
ethod

so
fa

r
developed

fo
r

e
stim

a
tin

g
concealm

ent
and

d
ivin

g
b

ia
s.

A
m

ark—
recapture

program
m

e
is

a
m

ajor
u

n
d

e
rta

kin
g

not
lik

e
ly

to
form

p
a

rt
o

f
a

co
n

ve
n

tio
n

a
l

survey.
In

the
absence

o
f

a
m

odel
to

a
d

ju
st

counts
fo

r
v
is

ib
ility

b
ia

s
the

C
ount

m
ust

be
used

as
an

index
o

f
p

o
p

u
la

tio
n

d
e

n
sity

or
size

.
S

ince
the

re
la

tio
n

s
h

ip
betw

een
an

index
and

the
tru

e
d

e
n

sity
is

know
n

to
be

stro
n

g
ly

in
flu

e
n

ce
d

by
environm

ental
fa

cto
rs

such
as

w
ater

le
v
e

l
and

tem
perature

these
in

flu
e

n
ce

s
should

be
held

co
n

sta
n

t
betw

een
surveys,

or
an

index
from

one
survey

cannot
be

com
pared

w
ith

th
a

t
from

a
second

survey
o

f
the

sam
e

a
re

a
.

In
p

ra
ctice

,
s
ta

b
iliz

a
tio

n
w

ill
be

m
ore

or
le

ss
lim

ite
d

to
surveying

a
t

the
sam

e
tim

e



o0
J

o
f

ye
a

r
(o

r
sam

e
w

a
te

r
le

v
e

l)
w

hich
w

ill
u

s
u

a
lly

be
th

e
end

o
f

th
e

d
ry

season
w

hen
w

a
te

r
le

v
e

l
is

lo
w

e
st

and
c
ro

c
o

d
ile

s
m

ost
co

n
ce

n
tra

te
d

.
O

b
se

rve
rs,

equipm
ent

and
te

ch
n

iq
u

e
can

a
ls

o
be

s
ta

b
iliz

e
d

.
B

ut
p

la
n

s
to

su
rve

y
o

n
ly

under
id

e
n

tic
a

l
c
o

n
d

itio
n

s
o

f
m

axim
um

day
te

m
p

e
ra

tu
re

,
m

inim
um

p
re

vio
u

s
e

ve
n

in
g

te
m

p
e

ra
tu

re
,

clo
u

d
co

ve
r

and
a

ll
th

e
o

th
e

r
v
a

ria
b

le
s

know
n

to
in

flu
e

n
c
e

co
u

n
ts

w
ill

o
b

vio
u

sly
n

o
t

tra
v
e

l
w

e
ll

fro
m

o
ffic

e
to

fie
ld

.
W

here
com

prom
ises

m
ust

be
m

ade
th

e
se

sh
o

u
ld

be
n

o
te

d
.

D
ata

re
c
o

rd
in

g
:

W
henever

p
o

s
s
ib

le
,

a
ll

a
n

im
a

ls
seen

sh
o

u
ld

lo
tte

d
on

1
:2

5
,0

0
0

sca
le

(o
r

la
rg

e
r)

m
aps,

o
r

a
e

ria
l

p
h

o
to

s.
purpose

o
f

th
is

becom
es

c
le

a
r

w
hen

m
ethods

such
as

La—
counts

a
re

co
n

sid
e

re
d

,
b

u
t

it.
is

im
p

o
rta

n
t

fo
r

se
ve

ra
l

~ns
n

o
t

n
e

c
e

s
s
a

rily
o

f
im

m
e

d
ia

te
re

le
va

n
ce

.
It

is
o

fte
n

i
th

a
t

c
ro

c
o

d
ile

s
fa

vo
u

r
one

riv
e

r
bank

o
ve

r
a

n
o

th
e

r
w

hich
b

ia
s

re
s
u

lts
if

n
o

t
d

e
te

cte
d

.
W

here
m

ore
th

a
n

one
o

b
se

rve
r

sed,
it

is
d

e
s
ira

b
le

to
te

s
t

fo
r

d
iffe

re
n

c
e

s
betw

een
th

e
ir

ts
.

It
is

som
etim

es
found

th
a

t
s
tra

ta
l

b
o

u
n

d
a

rie
s

need
rin

g
a

fte
r

a
tim

e
w

hich
m

eans
a

lo
s
s

o
f

p
re

vio
u

s
d

a
ta

if
rv

a
tio

n
s

ca
n

n
o

t
be

re
a

llo
c
a

te
d

because
th

e
y

w
ere

n
o

t
lin

k
e

d
co

g
ra

p
h

ica
l

p
o

s
itio

n
.

G
e

n
e

ra
lly,

any
d

a
ta

se
t

is
e

a
s
ie

r
to

yse,
o

r
re

a
n

a
lyse

re
tro

s
p

e
c
tiv

e
ly

,
th

e
m

ore
d

e
ta

ile
d

th
e

in
a

l
re

co
rd

s
a

re
.

a
ls

seen
sh

o
u

ld
be

c
la

s
s
ifie

d
by

s
iz

e
,

w
a

rin
e

ss
and

a
c
tiv

ity
.

a
b

ly
th

e
m

ost
u

s
e

fu
l

s
iz

e
ra

n
kin

g
is

in
to

m
ature

le
n

g
th

c
la

s
s

7
m

)
and

im
m

a
tu

re
.

W
a

rin
e

ss
can

be
ranked

by
th

e
d

ista
n

ce
a

t
h

approached
a

n
im

a
ls

d
iv

e
.

A
c
tiv

ity
such

as
w

h
e

th
e

r
a

n
im

a
ls

a
sh

o
re

o
r

a
flo

a
t,

can
be

u
s
e

fu
l,

fo
r

exam
ple

in
p

la
n

n
in

g
a

l
p

h
o

to
g

ra
p

h
ic

e
x
e

rc
is

e
s
.

A
h

ig
h

p
ro

p
o

rtio
n

o
f

a
n

im
a

ls
seen

be
in

th
e

w
a

te
r

e
a

rly
in

th
e

m
o

rn
in

g
,

o
r

a
t

m
idday,

fro
m

h
o

n
ly

head
m

easurem
ents

w
ill

be
a

v
a

ila
b

le
.

Ily
,

a
se

t
o

f
a

n
c
illa

ry
d

a
ta

sh
o

u
ld

be
re

co
rd

e
d

d
e

s
c
rib

in
g

circu
m

sta
n

ce
s

o
f

th
e

su
rve

y
in

s
u

ffic
ie

n
t

d
e

ta
il

fo
r

o
th

e
rs

e
p

e
a

t
it

e
x
a

c
tly

.
E

n
viro

n
m

e
n

ta
l

c
o

n
d

itio
n

s
lik

e
ly

to
uence

c
ro

c
o

d
ile

s
ig

h
ta

b
ility

sh
o

u
ld

be
re

co
rd

e
d

on
sta

n
d

a
rd

a
t

d
a

ta
sh

e
e

ts.
F

a
cto

rs
know

n
to

be
in

flu
e

n
tia

l
a

re
w

a
te

r
1,

w
a

te
r

te
m

p
e

ra
tu

re
,

m
axim

um
and

m
inim

um
a

ir
te

m
p

e
ra

tu
re

s,
h

e
ig

h
t,

w
ind

speed,
clo

u
d

co
ve

r,
m

o
o

n
lig

h
t,

p
re

c
ip

ita
tio

n
.

hum
an

a
c
tiv

ity
.

D
e

ta
ile

d
re

co
rd

s
o

f
a

ll
th

e
se

fa
c
to

rs
,

and
o

th
e

rs
th

o
u

g
h

t
to

be
re

le
v
a

n
t,

a
re

e
s
s
e

n
tia

l
fo

r
th

e
d

a
rd

iz
a

tio
n

o
f

co
u

n
tin

g
p

ro
ce

d
u

re
s.

n
a

ly
s
is

o
f

C
ro

co
d

ile
C

ounts

od
sta

n
d

a
rd

te
x
t

on
th

e
range

o
f

a
n

a
lyse

s
a

p
p

lic
a

b
le

to
o

d
ile

su
rve

y
d

a
ta

is
th

a
t

o
f

C
aughley

(1
9

7
7

).
Som

e
o

f
th

e
ads

m
ost

lik
e

ly
to

a
p

p
ly

to
N

ile
c
ro

c
o

d
ile

m
anagem

ent
a

re
‘n

below
illu

s
tra

te
d

by
w

orked
e

xa
m

p
le

s.
The

sa
m

p
lin

g
m

ethods
com

m
only

used
a

re
th

o
se

o
f

J
o

lly
(1

9
6

9
a

),
and

Jo
l.ly

and
on

(1
9

7
9

).
The

u
n

d
e

rly
in

g
th

e
o

ry
is

g
ive

n
by

C
ochran

(1
9

6
3

).
~r

(1
9

7
3

),
and

N
o

rto
n

—
G

riffith
s

(1
9

7
8

)
p

ro
vid

e
good

a
cco

u
n

ts
a

m
p

lin
g

m
ethods

fo
r

co
u

n
tin

g
a

n
im

a
ls.
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.
T

o
ta

l
co

u
n

ts:
If

a
su

rve
y

has
been

m
ade

o
f

th
e

w
hole

riv
e

r,
la

ke
o

r
sw

am
p

under
c
o

n
s
id

e
ra

tio
n

(i.e
.

a
s
in

g
le

to
ta

l
co

u
n

t)
th

e
n

th
e

e
stim

a
te

o
f

th
e

v
is

ib
le

p
o

p
u

la
tio

n
is

sim
p

ly
th

e
co

u
n

t
to

w
hich

no
s
ta

tis
tic

a
l

e
stim

a
te

o
f

th
e

e
rro

r
can

be
a

tta
ch

e
d

.

3
.2

.
S

am
ple

co
u

n
ts:

A
g

e
n

e
ra

lly
a

p
p

lic
a

b
le

a
n

a
ly

s
is

o
f

a
sam

ple
census

is
J
o

lly
’s

M
ethod

3
(J

o
lly

1969a)
w

here
sam

ple
a

re
a

s
o

f
e

ith
e

r
e

q
u

a
l

o
r

d
iffe

rin
g

size
s

a
re

chosen
w

ith
a

p
ro

b
a

b
ility

o
f

s
e

le
c
tio

n
p

ro
p

o
rtio

n
a

l
to

th
e

ir
s
iz

e
.

The
fo

llo
w

in
g

n
o

ta
tio

n
is

used~
AY

e
stim

a
te

d
p

o
p

u
la

tio
n

y
=

th
e

co
u

n
t

in
a

g
ive

n
sam

ple
z

th
e

le
n

g
th

in
km

o
f

each
sam

ple
Z

th
e

to
ta

l
le

n
g

th
o

f
c
ro

c
o

d
ile

h
a

b
ita

t
in

th
e

su
rve

y
stra

tu
m

,
i.e

.
th

e
le

n
g

th
o

f
a

ll
th

e
p

o
s
s
ib

le
sam

ples.
d

y
/z

,
th

e
d

e
n

s
ity

o
f

c
ro

c
o

d
ile

s
in

a
srdaple

The
p

o
p

u
la

tio
n

,
Y

,
is

th
e

n
e

stim
a

te
d

as
A

—

Y
Zd

The
va

ria
n

ce
o

f
Y

is
e

stim
a

te
d

as

V
a

r(Y
)

(7
2

/~
)2

w
here

a
=

th
e

num
ber

o
f

sam
ples

ta
ke

n
,

and

s~
=

(~
d2

—
~

d
)2

/n
)/(n

—
1)~

The
sta

n
d

a
rd

e
rro

r
o

f
Y

is~
%

,,6
a

ria
n

ce
,

and
th

e
CV

o
f

Y
is

th
e

sta
n

d
a

rd
e

rro
r

d
iv

id
e

d
by

Y
.

To
e

xp
re

ss
th

e
CV

as
a

p
e

rce
n

ta
g

e
m

u
ltip

ly
by

100.

The
m

ethod
is

illu
s
tra

te
d

w
ith

an
im

a
g

in
a

ry
exam

ple
o

f
a

riv
e

r
600

km
lo

n
g

.
From

lo
c
a

l
know

ledge
com

bined
w

ith
th

e
riv

e
r’s

p
h

y
s
ic

a
l

c
h

a
ra

c
te

ris
tic

s
it

has
been

d
iv

id
e

d
in

to
4

s
tra

ta
o

f
280,

110,
150

and
60

km
re

s
p

e
c
tiv

e
ly

.
E

ach
stra

tu
m

is
to

be
sam

pled
s
e

p
a

ra
te

ly
to

e
stim

a
te

th
e

d
e

n
s
ity

and
hence

p
o

p
u

la
tio

n
o

f
c
ro

c
o

d
ile

s
.

It
has

been
d

e
cid

e
d

to
sam

ple
by

a
e

ria
l

su
rve

y,
and

p
a

rtia
lly

a
d

ju
s
t

th
e

se
co

u
n

ts
fo

r
v
is

ib
ility

b
ia

s
w

ith
a

c
o

rre
c
tio

n
fa

c
to

r
d

e
rive

d
fro

m
s
p

o
tlig

h
t

co
u

n
ts

on
a

sam
ple

s
tre

tc
h

o
f

riv
e

r.

F
or

s
im

p
lic

ity
o

n
ly

stra
tu

m
1

w
ill

be
d

iscu
sse

d
,

though
th

e
sam

e
p

ro
ce

d
u

re
w

ould
a

p
p

ly
to

th
e

o
th

e
r

3
.

The
280

km
o

f
stra

tu
m

1
a

re
d

iv
id

e
d

in
to

,
sa

y,
33

sam
ples

o
f

va
ryin

g
le

n
g

th
d

e
fin

e
d

by
e

a
s
ily

re
co

g
n

iza
b

le
la

n
d

m
a

rks.
T

hree
o

f
th

e
se

(in
9

ra
c
tic

e
aim

fo
r

a
t

le
a

s
t

10)
a

re
se

le
cte

d
w

ith
a

p
ro

b
a

b
ility

p
ro

p
o

rtio
n

a
l

to
s
iz

e
.

A
fo

u
rth

is
se

le
cte

d
fo

r
a

e
ria

l
and

n
ig

h
t

co
u

n
ts

fo
r

a
c
o

rre
c
tio

n
fa

c
to

r,
R

,
c
a

lc
u

la
te

d
a

s
.~

x
/~

y
w

here
x

e~ua1s
a

n
ig

h
t

co
u

n
t

and
y

th
e

co
rre

sp
o

n
d

in
g

a
e

ria
l

co
u

n
t.

In
th

e
exam

ple
293

c
ro

c
o

d
ile

s
w

ere
co

u
n

te
d

a
t

n
ig

h
t

w
here

159
w

ere
seen

fro
m

th
e

a
ir

to
g

ive
a

va
lu

e
fo

r
R

o
f

293/159
1

.8
4

2
.
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The
co

u
n

ts
a

re
m

ade
and

th
e

d
a

ta
ta

b
u

la
te

d
,

S
am

ple
L

e
n

g
th

C
ounts

A
d

ju
ste

d
D

e
n

sity
d2

d
No

co
u

n
t

Z
3’

(y
~

R
)

d

1
15

112
198

13.2
174.2

2
8

65
115

14.4
207.4

3
6

55
97

16.2
2

6
2

.4

3
29

232
410

4
3

.8
6

4
4

.0
14.1

A
—

The
e

stim
a

te
d

p
o

p
u

la
tio

n
,

Y
,

o
f

stra
tu

m
1

is
Y

Z
d,

w
here

Z
is

th
e

to
ta

l
le

n
g

th
o

f
stra

tu
m

1
and

d
is

th
e

m
ean

d
e

n
s
ity

.
T

hus

AY
280~

c14.1
=

3958
A

To
e

stim
a

te
th

e
va

ria
n

ce
o

f
Y

firs
t

e
stim

a
te

th
e

sa
m

p
lin

g
va

ria
n

ce
,

s~
,

ass
~

z
.(~

d
2

—
(jd

)2
/~

)j(y
i_

1
)

—
(&44.e4

—

~
2

.2
8

A
Then

th
e

va
ria

n
ce

o
f

Y
is

va
r(Y

)
(Z

2
/n

)s
~

(78400
x

2
.2

8
)1

3
~

59384

The
to

ta
l

p
o

p
u

la
tio

n
~

f
th

e
riv

e
r

is
sim

p
ly

th
~

sum
o

f
th

e
4

s
tra

ta
l.

e
stim

a
te

s
o

f
Y

,
and

its
va

ria
n

ce
(and

hence
C

V
)

th
e

sum
o

f
th

e
s
tra

ta
l

va
ria

n
ce

s.
A

ssum
ing

th
e

fo
ilo

w
~

n
~

d
~

a
fo

r
th

e
4

s
tra

ta
:

A
A

S
tra

tu
m

Length
Y

V
a

r(Y
)

1
280

3958
59584

2
110

1210
210256

3
150

1125
32400

4
60

960
5898

600
7253

118907

A
lto

g
e

th
e

r,
7253

c
ro

c
o

d
ile

s
a

re
e

stim
a

te
d

w
ith

a
CV

o
f

4.75%

If,
a

fte
r

a
su

rve
y,

tw
o

o
r

m
ore

s
tra

ta
re

tu
rn

a
p

p
a

re
n

tly
s
im

ila
r

e
stim

a
te

s
th

e
se

can
be

m
erged

to
y
ie

ld
a

m
ore

p
re

cise
o

v
e

ra
ll

e
s
tim

a
te

.
F

irs
t,

te
s
t

th
e

e
stim

a
te

s
fo

r
a

s
ig

n
ific

a
n

t
d

iffe
re

n
c
e

.
A

q
u

ick
a

p
p

ro
xim

a
tio

n
is

th
a

t
if

A
A

A
A

(Y1—
~

2
~

’
(V

a
r(Y

1
)

+
V
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d
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th
a

t
a

ll
s
ite

s
a

re
fo

u
n

d
,

o
n

ly
th

a
t

th
e

y
a

re
lo

o
ke

d
fo

r.
C

are
m

ust
be

ta
ke

n
to

vie
w

each
p

o
ssib

le
s
ite

from
a

n
e

a
r—

ve
rtica

l
a

n
g

le
because

su
rro

u
n

d
in

g
ve

g
e

ta
tio

n
is

a
p

t
to

b
lo

ck
o

b
liq

u
e

vie
w

s.
The

p
rin

c
ip

a
l

p
itfa

ll
in

n
e

st
su

rve
y

d
e

sig
n

is
fa

ilu
re

to
b

rin
g

a
ll

p
o

te
n

tia
l

s
ite

s
under

o
b

s
e

rv
a

tio
n

.
If

th
e

n
~

rve
y

cannot.
co

ve
r

a
ll

p
o

ssib
le

n
e

stin
g

h
a

b
ita

t,
o

r
its

e
x
te

n
t

is
unknow

n,
th

e
s
tra

tific
a

tio
n

sh
o

u
ld

e
x
p

iic
ilL

y
re

fle
c
t

th
is

.
!t;

etay
ta

ke
se

ve
ra

l
seasons

to
lo

c
a

te
and

a
..c

u
ra

te
ly

m
ap

~
1

l
p

o
te

n
tia

l
n

e
s
tin

g
h

a
b

ita
t;.

The
sam

ple
a

re
a

s
chosen

fo
r

g~ound
su

rve
y

m
ust

be
th

o
ro

u
g

h
ly

searched
and

th
e

ir
b

o
u

n
d

a
rie

s
c
a

re
fu

lly
fl.apped

so
th

a
t

e
xa

ct
~

o
w

p
a

riso
n

w
ith

th
e

a
e

ria
l

se
a

rch
is

m
ade.

C
are

m
ust

be
ta

ke
n

to
e

s
ta

b
jis

h
th

e
num

ber
o

f
~

(c
lu

tc
h

e
s

o
f

e
g

g
s)

a
c.tu

~
ily

p
re

se
n

t
a

t.
a

s
i~

e
.

G
raham

e
t

a
l.

(1
9

7
6

)
re

co
rd

e
d

tw
o

O
kavango

s
ite

s
a

p
p

a
re

n
tly

a
tte

n
d

e
d

by
a

s
in

g
le

fe
m

a
le

,
a

t
w

h
ich

2
and

3
c
lu

tc
h

e
s

re
s
p

e
c
tiv

e
ly

w
ere

fo
u

n
d

.
W

h
ile

m
ost

n
e

sts
a

re
e

a
s
ily

lo
ca

te
d

n
e

a
r

to
th

e
tra

c
k
s

m
ade

by
th

e
a

tte
n

d
a

n
t

fe
m

a
le

,
an

e
xh

a
u

stive
co

u
n

t
o

f
a

ll
c
lu

tc
h

e
s

re
q

u
ire

s
d

ilig
e

n
t

se
a

rch
in

g
by

p
ro

b
in

g
o

f
any

sig
n

o
f

d
ig

g
in

g
by

a
c
ro

c
o

d
ile

.
N

ests
d

e
stro

ye
d

by
o

th
e

r
a

n
im

a
ls

m
ust

be
in

clu
d

e
d

in
th

e
n

e
st

co
u

n
t.

F
in

a
lly

,
one

o
th

e
r

im
p

o
rta

n
t

a
sp

e
ct

o
f

n
e

s
tin

g
m

ust
be

addressed
by

th
e

d
e

sig
n

.
N

est
m

aking
e

xte
n

d
s

o
ve

r
se

ve
ra

l
w

eeks
and

th
e

re
fo

re
th

e
tim

in
g

o
f

a
co

u
n

t
m

ust
be

e
s
ta

b
lis

h
e

d
re

la
tiv

e
to

th
e

nest—
m

aking
se

a
so

n
.

C
ounts

m
ade

b
e

fo
re

th
e

end
o

f
n

e
s
tin

g
c
le

a
rly

a
re

o
n

ly
in

d
ic

e
s

o
f

to
ta

l
n

e
st

e
ffo

rt
and

m
ust

be
a

d
ju

ste
d

by
a

c
o

rre
c
tio

n
fa

c
to

r.
Tw

o
ite

m
s

o
f

in
fo

rm
a

tio
n

a
re

re
q

u
ire

d
to

e
stim

a
te

th
is

:
th

e
s
ta

rt
and

d
u

ra
tio

n
o

f
n

e
s
tin

g
.

The
s
ta

rt
is

e
a

s
ily

d
e

te
rm

in
e

d
from

fo
o

t
p

a
tro

ls
o

r
a

e
ria

l
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re
co

n
n

a
issa

n
ce

o
f

a
know

n
n

e
stin

g
lo

c
a

tio
n

a
t

th
e

e
xp

e
cte

d
b

e
g

in
n

in
g

o
f

th
e

season.
In

Z
im

babw
e,

Zam
bia

and
t4alaw

i
th

e
s
ta

rt
can

be
e

xp
e

cte
d

in
e

a
rly

S
eptem

ber,
in

B
otsw

ana,
la

te
S

e
p

te
m

b
e

r,in
U

ganda
e

a
rly

D
ecem

ber,
in

K
enya

and
th

e
S

udan
m

id—
N

ovem
ber.

In
la

rg
e

p
o

p
u

la
tio

n
s

th
e

d
u

ra
tio

n
is

lik
e

ly
to

be
a

b
o

u
t

80
d

a
ys.

A
e

ria
l

and
ground

co
u

n
ts

sh
o

u
ld

be
m

ade
c
o

n
c
u

rre
n

tly
,

p
re

fe
ra

b
ly

a
b

o
u

t
m

id—
w

ay
th

ro
u

g
h

nest—
m

aking.

3.
A

n
a

lysis
o

f
n

e
st

co
u

n
ts

The
e

stim
a

te
o

f
n

e
st

e
ffo

rt
can

be
m

ade
u

sin
g

th
e

sam
e

m
ethod

as
fo

r
th

e
a

n
a

ly
s
is

o
f

c
ro

c
o

d
ile

co
u

n
ts

(see
above)

in
w

hich
sam

ple
a

e
ria

l
co

u
n

ts
a

re
a

d
ju

ste
d

fo
r

v
is

ib
ility

b
ia

s
by

a
co

rre
ctio

n
.

fa
c
to

r
d

e
rive

d
fro

m
sub—

sam
ples

su
rve

ye
d

on
th

e
g

ro
u

n
d

.
A

second
c
o

rre
c
tio

n
fa

c
to

r
c
o

rre
c
ts

fo
r

n
e

sts
m

ade
a

fte
r

th
e

co
u

n
t.

3
.1

.
V

is
ib

ility
b

ia
s
:

S
in

ce
a

ll
b

u
t

a
n

e
g

lig
a

b
le

num
ber

o
f

n
e

sts
a

re
v
is

ib
le

,
v
is

ib
ility

b
ia

s
c
o

n
s
is

ts
m

a
in

lyA
o

f
o

b
se

rve
r

b
ia

s
,

and
a

c
o

rre
c
tio

n
fa

c
to

r,
R

,
is

e
stim

a
te

d
as

R
y
/x

w
here

y
ground

C
ount

and
x

co
rre

sp
o

n
d

in
g

a
e

ria
l

co
u

n
t.

T
h

is
c
o

rre
c
tio

n
fa

c
to

r
is

th
e

n
a

p
p

lie
d

to
th

e
to

ta
l,

o
r

sam
ple

a
e

ria
l

co
u

n
t,

a,
w

hi,~
hever

has
been

m
ade,

to
e

stim
a

te
th

e
p

o
p

u
la

tio
n

o
f

n
e

sts
as

N
..

R
n.

3
.2

.
C

o
rre

c
tio

n
fo

r
n

e
sts

m
ade

a
fte

r
th

e
co

u
n

t:
The

n
e

st
co

u
n

t,
N

now
fre

e
o

f
o

b
se

rve
r

b
ia

s
,

is
used

to
p

re
d

ic
t

to
ta

l
n

e
st

e
ffo

rt
by

re
fe

re
n

ce
to

Tabie6.6(2)~The
num

ber
o

f
days

a
fte

r
s
ta

rt
o

f
n

e
stin

g
is

d
iv

id
e

d
by

d
u

ra
tio

n
o

f
th

e
n

e
s
tin

g
season

(
if

th
is

is
unknow

n
it

is
a

p
p

ro
xim

a
te

d
by

80
d

a
ys).

olum
n

A
o

f
T

a
b

le
6

.6
(2

)
is

e
n

te
re

d
a

t
th

is
fra

c
tio

n
and

~‘ead
o

ff
th

e
co

rre
sp

o
n

d
in

g
va

lu
e

in
colum

n
B

.
T

h
is

va
lu

e
is

th
e

fra
c
tio

n
,

F
,

o
f

th
e

to
ta

l
e

xp
e

cte
d

n
e

sts
th

a
t

th
e

co
u

n
t

a
t

tim
e

A
indexes~.

The
e

stim
a

te
o

f
n

e
st

e
ffo

rt,
E

,
is

th
e

n
A

A
E

N
/F

4
N

est
e

ffo
rt

as
an

in
d

e
x

o
f

c
ro

c
o

d
ile

num
bers

It
can

re
a

so
n

a
b

ly
be

assum
ed

th
a

t
n

e
st

e
ffo

rt
is

c
o

rre
la

te
d

w
ith

th
e

p
o

p
u

la
tio

n
a

v
a

ila
b

le
fo

r
b

re
e

d
in

g
,

and
u

ltim
a

te
ly

to
p

o
p

u
la

tio
n

s
iz

e
.

The
c
a

lib
ra

tio
n

o
f

R
,

th
e

ra
tio

o
f

m
ature—

length
c
ro

c
o

d
ile

s
to

n
e

sts,
to

g
e

th
e

r
w

ith
n

e
st

e
ffo

rt,
S

co
u

ld
th

e
n

in
d

e
x

p
o

p
u

la
tio

n
size

,
~f,

as
A

-
A

A
A

Y
S

R1
R

2

w
here

R
2

is
th

e
ra

tio
o

f
im

m
ature—

length
c
la

s
s

to
m

ature—
length

c
la

s
s

d
e

rive
d

in
d

e
p

e
n

d
e

n
tly

fro
m

a
le

n
g

th
fre

q
u

e
n

cy
a

n
a

ly
s
is

by
v
e

rtic
a

l
a

e
ria

l
p

h
o

to
g

ra
p

h
y

o
r

fro
m

a
w

ild
h

a
rv

e
s
t.

T
a

b
le

6
.6

(3
)

lis
ts

va
lu

e
s

o
f

R1
and

R
2

fro
m

fo
u

r
p

o
p

u
la

tio
n

s
o

f
N

ile
c
ro

c
o

d
ile

s
.

The
p

a
rtitio

n
in

g
o

f
th

e
m

ature
and

im
m

ature
segm

ents
o

f
th

e
p

o
p

u
la

tio
n

s
is

based
on

th
e

re
la

tio
n

s
h

ip
betw

een
le

n
g

th
and

p
o

te
n

tia
l

m
a

tu
rity

fo
r

each
p

o
p

u
la

tio
n

.
O

nly
fo

r
th

e
N

gezi
and

L
u

n
d

i
p

o
p

u
la

tio
n

s
a

re
th

e
a

c
tu

a
l

p
ro

p
o

rtio
n

s
o

f
b

re
e

d
in

g
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T
able

6
.6

(2
)

The
re

la
tio

n
e

h
ip

betw
een

tim
e

o
f

n
e

st
count

re
la

tiv
e

to
d

u
ra

tio
n

o
f

nest-m
aking.,

and
fra

c
tio

n
o

f
expected

to
ta

l
nests

in
N

ile
cro

co
d

ile
s

(a
fte

r
G

raham
&

M
a

rtin
.

in
p

re
p

.).

C
olum

n
A

—
Tim

e
o

f
count

as
fra

c
tio

n
o

f
season.

C
olum

n
B

-
C

ount
as

fra
c
tio

n
o

f
nest

e
ffo

rt.

A
B

A
B

.020
.012

.500
.500

.040
.014

.520
.546

.060
.017

.540
.591

.080
.021

.634
.025

5~O
.676

.120
.030

.600
.71’S

.140
.035

.620
.751

.160
.042

.640
.784

.180
.050

.660
.813

.200
.060

.680
.839

.220
.071

.700
.863

.240
.084

.720
.883

.260
.099

.740
.901

.2
9

0
.117

.300
.780

.929
.320

.800
.940

340
.!8

7
.820

.950
.360

.216
.840

.958
.380

.249
.860

.965
.400

.285
.880

.976
.420

.324
.900

.975
.440

.366
.920

.979
.460

.9
j~

.983
.960
.980

1.000
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T
able

6
.6

(3
)

The
re

la
tio

n
e

h
ip

betw
een

le
n

g
th

cla
ss

and
nest

e
ffo

rt
in

4
p

o
p

u
ta

tio
n

e
o

f
N

ile
cro

co
d

ile
s.

&
ca

u
se

o
f

th
e

d
iffic

u
lty

in
tr

fc~
n

irq
le

n
g

th
cla

sse
s

to
age

cla
sse

s,
“m

a
tu

re
’

cro
co

d
ile

s
are

approxim
ated

by
le

n
g

th
cla

ss
>2.7

m
.

except
fo

r
L.

T
urkana

w
here

th
e

value
o

f
>

1
~

a
p

p
lie

s.

R
i

colum
n

3/colum
n

2.
R2

colum
n

5/colum
n

3.

N
um

ber
N

um
ber

T
ot

1
P

o
p

u
la

tio
n

o
f

nests
m

ature
le

n
g

th
R

i
p

o
p

u
la

tio
n

R2
c
la

~

1
3

4
5

6

N
gezi

10
28

2
.8

125
4

.5
(Zim

balM
e)

a

Lurxii
19

66
3.47

99
1.5

(zim
belM

e)
b

L
.’fljria

n
a

129
386

3
.0

800
2.1

(K
enya)

c

M
urcthison

178
41~

2
.3

2
.6

N
ile

(U
ganda)

d

va
lu

e
s

2.65
2.34

a.
~

tto
n

(1984).
O

beerved
va

lu
e

s.

b.
From

K
o

fro
n

(in
p

re
p

.).
O

beerved
va

lu
e

s.

c.
R

i
from

G
raham

(1%
8)

from
sh

o
t

sam
ple.

P
o

p
u

la
tio

n
from

atson
~

a
l.

(1971).

d
..

N
est

e
ffo

rt
from

G
raham

&
M

artin
(in

p
re

p
).

P
o

p
u

la
tio

n
f

W
a

ts
o

n
e

ta
l.

(1971).



le
n

g
th

.
a

n
im

a
ls

know
n.

F
or

th
e

o
th

e
r

tw
o

p
o

p
u

la
tio

n
s

th
e

e
stim

a
te

s
o

f
p

o
p

u
la

tio
n

size
co

n
ta

in
unknow

n
b

ia
se

s
w

hich
w

ill
have

re
s
u

lte
d

in
s
lig

h
t

u
n

d
e

re
stim

a
te

s
o

f
R

1and
R

2,

G
iven

th
e

lim
ita

tio
n

s
on

d
a

ta
q

u
a

lity
,

p
re

se
n

t
in

d
ic

a
tio

n
s

a
re

th
a

t
th

e
m

ean
va

lu
e

o
f

R
1

fo
r

N
ile

c
ro

c
o

d
ile

s
is

2.65
and

o
f

R
21s

2
.6

8
.

T
h

is
m

ethod
has

been
sta

n
d

a
rd

p
ra

c
tic

e
fo

r
a

llig
a

to
rs

in
L

o
u

isia
n

a
fo

r
m

ore
th

a
n

20
ye

a
rs

(C
habreck

1966,
N

cN
ease

and
Joanen

1
9

7
8

),
u

sin
g

a
va

lu
e

o
f

20
fo

r
th

e
e

q
u

iv
a

le
n

t
o

f
th

e
prcd~.zct

o
fA1

A
2

.

C
.

A
e

ria
l

P
h

o
to

g
ra

p
h

ic
M

ethods
o

f
D

e
te

rm
in

in
g

L
e

n
g

th
C

la
sse

s

C
hanges

in
th

e
le

n
g

th
fre

q
u

e
n

cy
d

is
trib

u
tio

n
o

f
an

e
x
p

lo
ite

d
c
ro

c
o

d
ile

p
o

p
u

la
tio

n
a

re
a

p
o

te
n

tia
lly

u
s
e

fu
l

in
d

ic
a

tio
n

o
f

th
e

e
ffe

c
ts

o
f

m
anagem

ent.
B

ecause
c
ro

c
o

d
ile

s
grow

th
ro

u
g

h
o

u
t

life
le

n
g

th
is

an
in

d
e

x
o

f
age.

The
re

la
tio

n
s
h

ip
is

how
ever

com
plex

and
p

o
o

rly
u

n
d

e
rsto

o
d

and
it

has
been

suggested
(N

ich
o

ls
1985)

th
a

t
le

n
g

th
cla

sse
s

m
ay

be
s
u

b
s
titu

te
d

fo
r

m
ost

a
n

a
lyse

s
based

on
age

d
is

trib
u

tio
n

because
s
iz

e
ra

th
e

r
th

a
n

age
m

ay
d

e
te

rm
in

e
w

hen
a

c
ro

c
o

d
ile

s
ta

rts
b

re
e

d
in

g
.

A
b

rie
f

d
e

s
c
rip

tio
n

fo
llo

w
s

o
f

th
e

te
ch

n
iq

u
e

s,
d

e
sig

n
and

a
n

a
ly

s
is

fo
r

v
e

rtic
a

l
a

e
ria

l
p

h
o

to
g

ra
p

h
y

to
d

e
te

rm
in

e
le

n
g

th
fre

q
u

e
n

c
ie

s
.

35
mm

cam
eras

g
ive

S
a

tiS
fa

L
.to

ry
re

s
u

lts
.

T
e

c
h

n
ic

a
lly

s
u

p
e

rio
r

im
ages

can
be

o
b

ta
in

e
d

fro
m

70
mm

ca
~

1
e

r~
j

b
u

t
th

e
se

a
re

m
uch

m
ore

e
xp

e
n

sive
and

le
s
s

m
a

n
o

e
ve

ra
b

le
.

W
h

ile
ii

is
p

o
ssib

le
to

h
o

ld
a

cam
era

o
u

t
o

f
an

a
irc

ra
ft

w
indow

o
r

door
is

is
fa

r
b

e
tte

r,,
if

fu
n

d
s

p
e

rm
it,

to
have

a
v
e

rtic
a

l
m

ount
ia

s
t~

ie
d

in
th

e
a

irc
ra

ft
flo

o
r,

The
o

v
e

rrid
in

g
o

b
je

c
tiv

e
,

irre
s
p

e
c
ti~

e
o

f
e

q
u

ip
m

e
n

t,
is

to
e

n
su

re
th

a
t

th
e

p
h

o
to

s
a

re
ta

ke
n

v
e

rtic
a

lly
above

th
e

ta
rg

e
t~

even
s
lig

h
tly

o
b

liq
u

e
im

ages
w

ill
c
o

n
ta

in
sca

le
1

is
to

rtjo
n

s
th

a
t

a
re

im
p

o
ssib

le
to

com
pensate

fo
r.

T
ilt

is
e

vid
e

n
t
if

m
ore

o
f

one
sid

e
o

f
an

a
n

im
a

l
show

s
th

a
n

th
e

o
th

e
r.

As
a

ru
le

o
f

thum
b,

an
im

age
sca

le
o

f
a

b
o

u
t

1:1000
sh

o
u

ld
be

aim
ed

fo
r.

T
h

is
is

an
a

rb
itra

ry
sca

le
se

t
by

tw
o

p
ra

c
tic

a
l

c
o

n
s
tra

in
ts

:
co

n
ve

n
ie

n
t

fly
in

g
h

e
ig

h
t

and
re

a
lis

tic
le

n
s

fo
c
a

l
le

n
g

th
.

G
e

n
e

ra
lly

,
a

e
ria

l
p

h
o

to
g

ra
p

h
y

w
ith

le
n

se
s

>200
mm

fo
c
a

l
le

n
g

th
is

a
p

t
to

g
ive

poor
re

s
u

lts
due

to
cam

era
sh

a
ke

,
and

fly
in

g
h

e
ig

h
ts

<
300’

le
a

d
to

b
lu

rre
d

im
ages

and
la

rg
e

re
la

tiv
e

e
rro

rs
in

h
e

ig
h

t
c
o

n
tro

l.
G

iven
th

e
se

c
o

n
s
tra

in
ts

it
can

be
seen

fro
m

th
e

ta
b

le
below

th
a

t
w

ith
in

a
p

ra
c
tic

a
l

range
o

f
h

e
ig

h
t

(300—
500’)

a
sca

le
o

f
1

:1
0

0
0

d
ic

ta
te

s
a

le
n

s
in

th
e

100—
150

mm
ra

n
g

e
.

M
e

a
su

rin
g

sm
a

ll
c
ro

c
o

d
ile

s
a

t
sca

le
s

<
1:1000

is
d

iffic
u

lt.



93

F
ly

in
g

E
q

u
iva

le
n

t
S

ca
le

(a
)

Lens
fo

c
a

l
G

round
h

e
ig

h
t

h
e

ig
h

t
(h

)
(f/h

)
le

n
g

th
(1

)
co

ve
re

d
(m

)
(fe

e
t)

in
m

m

300
91440

.0
0

1
9

1
.4

400
121920

.001
121.9

24
x

3
4

.5
500

151400
.001

152.4

The
m

ost
u

s
e

fu
l

re
s
u

lts
a

re
o

b
ta

in
e

d
fro

m
a

fa
s
t

c
o

lo
u

r
tra

n
sp

a
re

n
cy

film
(~

g
.

US
E

ktachrom
e)

exposed
a

t
n

o
t

le
ss

th
a

n
1

/5
0

0
o

f
a

second,
and

p
re

fe
ra

b
ly

1
/1

0
0

0
o

r
fa

s
te

r.

Im
age

sca
le

s
can

be
d

e
te

rm
in

e
d

e
ith

e
r

by
re

fe
re

n
ce

to
ra

d
a

r
a

ltim
e

te
r

h
e

ig
h

t,
re

co
rd

e
d

fo
r

each
e

xp
o

su
re

,
o

r
fro

m
a

re
fe

re
n

ce
le

n
g

th
on

th
e

im
age.

If
a

ra
d

a
r

a
ltim

e
te

r
is

used
(th

e
o

n
ly

pract~
ca1

m
ethod

fo
r

ve
ry

lo
n

g
s
h

o
re

lin
e

s
o

r
in

a
c
c
e

s
s
ib

le
sw

am
ps)

in
stru

m
e

n
t

and
o

th
e

r
e

rro
rs

m
ust

be
c
a

lib
ra

te
d

.
T

hese
e

rro
rs

need
n

o
t

be
id

e
n

tifie
d

as
c
a

lib
ra

tio
n

a
cco

u
n

ts
fo

r
a

ll
o

f
them

.
Ten

o
r

m
ore

r~
p

1
ic

n
te

p
h

o
to

s
a

re
ta

ke
n

at-
~

rv
e

y
ht~

ight
o

f
a

c
ro

c
o

d
ile

m
odel,

~
.

a
5

m
p

o
le

p
la

ce
’i

a
t

th
e

w
a

tC
r’~

edge.
E

ach
p

h
o

to
m

ust
be

lin
k
e

d
to

th
e

in
d

ic
a

te
d

ra
d

a
r

h
e

ig
h

t
a

t
he

m
om

ent
o

f
e

xp
o

su
re

.

If
s
c
a

lin
g

by
a

re
fe

re
n

ce
o

b
je

ct.
on

th
e

p
h

o
to

,
th

is
o

b
je

c
t

hea
to

be
p

la
ce

d
on

th
e

ground
b

e
fo

re
th

e
su

rve
y.

C
le

a
rly

if
m

any
p

h
o

to
s,

o
r

la
rg

e
a

re
a

s,
a

re
in

vo
lve

d
th

is
can

be
a

co
n

sid
e

ra
b

le
e

x
e

rc
is

e
in

its
e

lf.
A

q
u

ick
te

ch
n

iq
u

e
(I.

G
am

es
p

e
rs.

com
m

.)
is

to
p

a
in

t
p

a
irs

o
f

sto
n

e
s

5
m

a
p

a
rt

in
a

co
n

sp
icu

o
u

s
c
o

lo
u

t
a

lo
n

g
th

e
sh

o
re

in
q

u
e

s
tio

n
.

M
e

a
su

rin
g

im
age

le
n

g
th

s
on

th
e

p
h

o
to

s
depends

on
th

e
s
c
a

lin
g

te
ch

n
iq

u
e

.
If

sca
le

is
to

be
e

stim
a

te
d

frori~
ra

d
a

r
h

e
ig

h
ts

th
e

unm
ounted

tra
n

sp
a

re
n

cy
is

p
la

ce
d

e
m

u
lsio

n
sid

e
dow

n
betw

een
m

icro
sco

p
e

s
lid

e
s

and
view

ed
th

ro
u

g
h

a
d

isse
ct

ng
m

icro
sco

p
e

a
t

25
m

a
g

n
ific

a
tio

n
s
.

A
m

icro
m

e
te

r
e

ye
p

ie
ce

c
a

lib
ra

te
d

w
ith

a
0

.1
mm

m
icro

m
e

te
r

sca
le

is
fitte

d
to

m
easure

im
age

le
n

g
th

s
.

If
sca

le
is

e
stim

a
te

d
by

re
fe

re
n

ce
le

n
g

th
s

on
th

e
tra

n
sp

a
re

n
cy

a
m

uch
e

a
s
ie

r
te

ch
n

iq
u

e
is

p
o

s
s
ib

le
.

The
tra

n
sp

a
re

n
cie

s
a

re
m

ounted
and

p
ro

je
c
te

d
a

t
a

b
o

u
t

6O
x

m
a

g
n

ific
a

tio
n

.
The

c
ro

c
o

d
ile

c
e

n
tre

lin
e

s
,

and
th

e
re

fe
re

n
ce

le
n

g
th

s
,

a
re

tra
ce

d
o

n
to

a
p

ie
ce

o
f

p
a

p
e

r.
U

sin
g

a
fle

x
ib

le
ru

le
r

o
r

c
a

rto
g

ra
p

h
e

r’s
cyclo

m
e

te
r

m
easure

th
e

a
n

im
a

l
and

re
fe

re
n

ce
le

n
g

th
s

a
re

m
easured

fo
r

each
tra

n
sp

a
re

n
cy.

1
.

S
ca1in~

)~
ra

d
a

r
a

ltim
e

te
r

if
th

e
p

h
o

to
s

have
been

sca
le

d
by

re
fe

re
n

ce
to

ra
d

a
r

h
e

ig
h

ts
th

e
n

an
e

stim
a

te
o

f
th

e
b

ia
s

in
observed

im
age

le
n

g
th

caused
by

a
ltim

e
te

r,
cam

era
and

m
icro

sco
p

e
in

stru
m

e
n

t
e

rro
rs

m
ust

firs
t

be
m

ade.
T

hese
need

n
o

t
be

in
d

iv
id

u
a

lly
e

stim
a

te
d

as
a

com
bined

e
rro

r
e

stim
a

te
w

ill
s
u

ffic
e

.
T

h
is

can
be

e
xp

re
sse

d
as

th
e

ra
tio

,
~

,
o

f
~he

observed
im

age
le

n
g

th
(y

)
to

th
e

tru
e

le
n

g
th

(x
).

Then
~

y
/x

The
ste

p
s

to
be

ta
ke

n
a

re
illu

s
tra

te
d

in
th

e
fo

llo
w

in
g

e
xa

m
p

le
.
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F
ig

u
re

6
.b

(1
).

O
u

tlin
e

o
f

n
e

stin
g

fe
m

a
le

c
ro

c
o

d
ile

to
show

p
o

in
ts

a
t

w
h

ich
m

easurernents
can

be
ta

ke
n

from
a

e
ria

l
p

h
o

to
g

ra
p

h
s.P

ostarb
r

dgs
of

craniol
platform

P~1vb~

Junction
of

doubts
and

single
row

s
of

last
scutes
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A
ssum

ing
a

c
a

lib
ra

tio
n

e
xe

rcise
w

as
done

a
t

a
nom

inal
h

e
ig

h
t

o
f

3
0

0
’,

lens
fo

ca
l

le
n

g
th

(f)
o

f
100

nm
,

using
a

cro
co

d
ile

m
odel

3
in

lo
n

g
,

the
expected

im
age

le
n

g
th

on
the

tra
n

sp
a

re
n

cie
s

o
f

the
m

odel
a

ctu
a

l
le

n
g

th
x

sca
le

.
From

the
fo

rm
u

la
,

scale
f/h

the
scale

a
t

300’
(91440

m
m

)
100191440

0.001094
and

expected
im

age
le

n
g

th
3000

x
0.001094

3.282
mm.

T
his

is
then

com
pared

w
ith

the
im

age
le

n
g

th
observed

under
the

m
icroscope.

Assum
e

th
a

t
6

re
p

lic
a

te
photos

w
ere

taken
o

f
the

cro
co

d
ile

m
odel

a
t

h
e

ig
h

ts
clo

se
to

the
nom

inal
3

0
0

’,
and

the
fo

llo
w

in
g

data
recorded.

R
adar

E
q

u
iva

le
n

t
True

Im
age

le
n

g
th

h
e

ig
h

t
h

e
ig

h
t

mm
scale

expected
observed

(fe
e

t)
(x

.00328)
f/h

x
y

310
94488

.001058
3.176

3.424
290

88392
.001131

3.394
3.626

310
94488

.001058
3

.l7
~

3.395
300

91440
.001094

,s~282
3.540

300
91440

.00109/4
3.282

3.540
290

88392
.001131

3.394
3.665

~1ean
le

n
g

th
s:

3.283
3,544

A
—

—

Then
R

y/x
1.0795

O
bserved

cro
co

d
ile

im
age

le
n

g
th

s
w

ould
then

be
m

u
ltip

lie
d

by
1/1.0795

.9264
to

a
d

ju
st

them
fo

r
in

stru
m

e
n

t
and

m
easurem

ent
e

rro
rs.

C
ro

co
d

ile
im

ages
m

easured
on

the
tra

n
sp

a
re

n
cie

s
w

ould
be

converted
to

a
ctu

a
l

le
n

g
th

s
as

a
ctu

a
l

le
n

g
th

(m
)

(im
age

le
n

g
th

x
R

/sca
le

)/l0
0

0

2.
S

ca
lin

g
j~y

refere~ç~.
m

arks

T
his

a
llo

w
s

a
m

ore
stra

ig
h

tfo
rw

a
rd

procedure
w

ith
o

u
t

the
need

fo
r

any
c
a

lib
ra

tio
n

.
C

ro
co

d
ile

le
n

g
th

s
are

ca
lcu

la
te

d
from

th
e

ir
p

ro
je

cte
d

im
age

le
n

g
th

s
by

p
ro

p
o

rtio
n

as

cro
co

d
ile

le
n

g
th

(m
)

=
re

fe
re

n
ce

le
n

g
th

(m
)

x
croc

im
age

(jim
i)

reference
im

age
(m

m
)

W
here

o
n

ly
p

a
rt

o
f

a
cro

co
d

ile
is

v
is

ib
le

re
fe

r
to

F
igure

6
.6

(1
)

to
e

stim
a

te
to

ta
l

le
n

g
th

from
o

th
e

r
body

m
easurem

ents.

A
histogram

o
f

le
n

g
th

fre
q

u
e

n
cie

s
can

then
be

co
n

stru
cte

d
from

the
photographed

sam
ple

of~
cro

co
d

ile
s

a
fte

r
so

rtin
g

them
in

to
le

n
g

th
classes

w
ith

p
iv

o
ta

l
in

te
rv

a
ls

set
by

th
e

re
so

lu
tio

n
q

u
a

lity
o

f
the

im
agery.



1).
H

a
rve

st
d

a
ta

a
s
a

n
in

d
e

x
o

f
c
ro

c
o

d
ile

num
bers

If
a

cro
p

o
f

c
ro

c
o

d
ile

s
is

taken
it

can
be

used
as

a
p

o
te

n
tia

lly
p

o
w

e
rfu

l
in

d
e

x
o

f
p

o
p

u
la

tio
n

size
p

ro
vid

e
d

an
in

d
e

x
o

f
d

e
n

sity
is

o
b

ta
in

e
d

b
t,fo

re
and

a
fte

r
th

e
cro

p
.

An
e

stim
a

te
o

l
th

e
popU

l~IL
Io

n
,

Y
,

is
then

A
A

A
Y

y
C

/(y1
—

y2
)

w
here

C
is

th
e

num
ber

cro
p

p
e

d
,

y1
th

e
(le

n
s
ity

b
e

fo
re

,
and

th
e

d
e

n
sity

a
fte

r
th

e
cro

p
.

A
d

e
ta

ile
d

account
ol

th
e

m
e

th
o

d
’s

a
ssu

m
p

tio
n

s
and

1
im

ita
tio

n
~

is
g

iv
e

n
by

E
b

e
rh

a
rd

t
(1

9
8

2
),

th
e

m
ain

p
o

in
t

to
note

b
e

in
g

th
a

t
Y

~
-tll

have
a

la
rg

e
CV

if
th

e
harvest,

is
le

ss
than

a
b

o
u

t
20%

o
f

t.h’~
p

o
p

u
la

tio
n

,
o

r
th

e
d

e
n

s
itie

s
e

s
tim

a
te

d
fro

m
s
m

a
ll

s
a

m
p

lin
g

fra
c
ti

~
ns.

1.
M

o
n

ito
rin

g

Tw
o

m
a

in
a

c
tiv

itIe
s

a
re

needed
to

m
o

n
ito

r
th

e
s
ta

tu
s

o
f

a
c
ro

c
o

d
ile

p
o

p
u

la
tio

n
m

easurem
ents

o
f

th
e

e
x
te

n
t

and
q

u
a

lity
o

f
th

e
h

a
b

ita
t,

and
m

easurem
ents

o
f

key
f’a

tL
.re

s
o

f
th

e
c
ro

c
o

d
ile

p
o

p
u

la
tio

n
s
.

A
ny

e
xp

a
n

sio
n

o
i

hum
an

se
ttle

m
e

n
t

o
r

o
th

e
r

e
x
p

lo
ita

tio
n

o
f

th
e

h
a

b
ita

t
m

ust
be

assessed
fo

r
its

e
ffe

c
t

on
c
ro

c
o

d
jic

s
.

No
form

s
o

f
hum

an
use

a
rc

know
n

to
fa

c
ilita

te
c
ro

c
o

d
ile

use
o

f
th

e
sam

e
h

a
b

ita
t,

b
u

t
som

e
fo

rm
s

o
f

fis
h

in
g

,
ice

d
—

cu
ttin

g
,

sto
ck—

ke
e

p
in

g
,

b
u

rn
in

g
and

tourism
appear

to
be

c
o

n
ip

a
ritiv

e
ly

b
e

n
ig

n
.

C
o

m
p

e
titio

n
in

th
e

form
o

f
e

xte
n

sive
fis

h
in

g
w

ith
n

e
ts,

a
ra

b
le

a
g

ric
u

ltu
re

on
s
h

o
re

lin
e

s
o

r
d

e
n

u
d

a
tio

n
o

f
ve

g
e

ta
tio

n
is

lik
e

ly
to

he
a

t
th

e
expense

o
f

c
ro

c
o

d
ile

s
.

O
th

e
r

h
a

b
ita

t
fe

a
tu

re
s

to
be

m
o

n
ito

re
d

a
re

changes
in

riv
e

r
o

r
flo

o
d

p
la

in
ch

a
n

n
e

li
anti

a
sso

cia
te

d
changes

in
im

p
o

rta
n

t
fe

a
tu

re
s

such
as

n
e

stin
g

s
ite

s
.

~
io

n
ito

ririg
p

o
p

u
la

tio
n

s
ta

tu
s

re
ç

u
ire

s
tra

c
k
in

g
o

f
th

e
ra

te
o

f
in

cre
a

se
.

T
h

is
ca

n
be

done
by

o
b

se
rvin

g
th

e
tre

n
d

o
f

~m
y

in
d

e
x,

o
r

a
b

so
lu

te
va

lu
e

,
o

f
p

o
p

u
la

tio
n

size
w

ith
tim

e
.

The
observed

e
xp

o
n

e
n

tia
l

ra
te

o
f

In
cre

a
se

(a
r

d
e

cre
a

se
),

r,
can

be
c
a

lc
u

la
te

d
by

le
a

s
t

sq
u

a
re

s
re

g
re

ssio
n

a
n

a
ly

s
is

o
f

a
s
e

rie
s

o
f

co
u

n
ts

o
r

d
e

n
s
itie

s
.

An
exam

ple
is

th
e

fo
llo

w
in

g
s
e

rie
s

o
f

n
e

st
co

u
n

ts
lna(ie

on
th

e
O

kavango
riv

e
r

in
J3otsw
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Y
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Y
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A
w

here
n

num
ber

o
f

e
stim

a
te

s
o

f
Y

.
T

h
is

is
th

e
in

st.a
n

ta
n

e
o

t~
ra

te
o

f
in

cre
a

se
.

The
fin

ite
ra

te
o

f
in

cre
a

se
is

th
e

a
n

tilo
g

o
f



r
0

.0
5

8
1.0507

o
r
~

G
e

rro
d

e
tte

(
I9~

7)
d

scusses
th

e
a

n
a

ly
s
is

o
f

tre
n

d
s

in
th

e
co

n
te

xt
~>L

popula
tion

m
en

ito
riug.

The
key

p
ro

b
iem

is
to

c
h

o
o

se
th~’

a
z
in

e
te

r
w

h
ic

h
is

m
ost

p
re

cise
,

s
ta

b
le

and
econom

ical.
to

r
m

easuring
p

o
p

u
la

tio
n

change.
E

vidence
co

n
iin

u
e

s
to

a
ccu

m
u

la
te

to
su

g
g

e
st

th
a

t.
cro

co
d

iIc
C

ounts
a

re
ILal)1

e
to

be
ve

ry
im

p
re

cise
m

d
ic

e
s
,

p
a

rtic
u

la
rly

in
sw

am
py

h
a

b
ita

ts
.

W
ood

e
t

a
l

(I
<

~
)

co
n

clu
d

e
d

,
rifro

r
an

eva
b

a
t

io
n

o
f

m
any

years
o

f
a

ll
ig

a
lo

r
n

k~Jit
co

u
n

ts
in

!~Ior
id

a
,

that.
no

tre
n

d
s

co
u

ld
be

cl,.scerned
fro

m
th

e
d

a
ta

~w
c-.aiise

o
f

iis
im

prec
Is

io
n

,
and

th
a

t
o

n
ly

s
tric

t
s
ta

n
d

a
rd

iz
a

tio
n

o
l

fu
tu

re
co

u
n

ts
co

u
ld

jtis
ti

fy
th

e
ir

co
n

tin
u

e
d

use
as

~
m

onito
ri

ng
m

~’thoo
.

In
Lh(’

case
o

f
ve

ry
open

h
a

b
ita

ts
w

hich
c
h

a
ra

c
te

riz
e

som
e

riv
e

rs
and

la
ke

s,
prec

Isio
n

m
ay

he
b

e
tte

r
if

s
tric

t
s
ta

n
d

a
rd

iz
a

tio
n

is
o

b
se

rve
d

.

A
n

o
th

e
r

d
isa

d
va

n
ta

g
e

o
f

co
u

n
ts

is
th

a
t,

w
ith

one
e

xce
p

tio
n

,
none

o
f

th
e

su
rve

y
co

u
n

ts
ye

t
m

ade
o

f
N

:iie
cro

co
d

i
ie

s
can

be
re

la
te

d
to

a
c
tu

a
l

num
bers

p
re

se
n

t.
O

nly
H

u
tto

n
’s

(1
9

8
4

)
stu

d
y

has
e

va
lu

a
te

d
a

su
rve

y
co

u
n

t
in

d
e

x
o

f
p

o
p

u
la

tio
n

s
iz

e
,

and
th

e
m

ean
c
o

rre
c
t

ion
fa

c
to

r
u

n
p

h
e

d
o

f
1

.6
under

th
e

b
e

st
p

o
ssib

le
su

rve
y

c
o

n
d

itio
n

s
is

a
la

rg
e

one
to

a
p

p
ly

to
o

th
e

r
p

o
p

u
la

tio
n

s.
N

est
co

u
n

ts,
on

th
e

o
th

e
r

hand
•

w
ould

seem
to

have
advantages

over
C

ounts
o

f
th

e
a

n
irru

ls
them

se
1ve~

.
A

r&
iu

s
t

a
n

a
ly

s
is

is
a

v
a

ila
b

le
to

e
stim

a
te

tru
e

n
e

st
e

ffo
rt

fro
n

sam
ple

co
u

n
ts,

w
ith

good
e

x
p

e
c
ta

tio
n

ol
a

sm
a

ll
C

V
.

P
re

d
ic

ta
b

le
lo

c
d

tio
n

and
tim

in
g

o
ffe

r
a

h
ig

h
degree

c
f

re
p

e
a

ta
b

ility
.

The
te

ch
iq

u
e

o
l

m
apping

th
e

lo
c
a

tio
n

o
f

a
ll

n
e

stS
found

e
s
ta

b
lis

h
e

s
an

a
ccu

m
u

la
tin

g
d

a
ta

base
w

ith
se

ra
l

im
p

o
rta

n
t

L
e

a
tu

re
s.

O
ne

is
th

a
t

as
te

ch
n

iq
u

e
Im

proves
p

re
vio

u
s

co
u

n
ts

can
be

re—
analysed

to
y
ie

ld
m

ore
p

re
cise

and
a

c
c
u

ra
te

tre
n

d
s
.

A
second

is
th

e
o

p
p

o
rtu

n
ity

fo
r

long—
term

a
n

a
ly

s
is

o
f

th
e

p
a

tte
rn

o
f

n
e

stin
g

a
c
tiv

ity
.

A
t:h

ird
is

th
e

fa
c
ilita

tio
n

o
f

egg
h

a
rve

stin
g

program
m

es,
and

a
fo

u
rth

is
as

an
a

id
to

id
e

n
tify

in
g

a
re

a
s

im
p

o
rta

n
t

to
c
ro

c
o

d
ile

c
o

n
s
e

rv
a

tio
n

.

N
est.

e
ffo

rt
by

its
e

lf
c
o

n
s
titu

te
s

an
in

d
e

x
o

f
p

o
p

u
la

tio
n

s
ta

tu
s

adequate
fo

r
m

ost
p

u
rp

o
se

s.
If,

how
ever,

an
e

stim
a

te
o

f
p

o
p

u
la

tio
n

s
iz

e
is

e
sse

n
tia

.l
ii

can
be

in
d

e
xe

d
by

a
co

m
b

in
a

tio
n

o
t

nest.
e

ffo
rt

and
le

n
g

th
fre

q
u

e
n

cy
d

is
trib

u
tio

n
from

a
e

ria
l

p
h

o
to

g
ra

p
h

ic
sam

ples
w

ith
a

h
ig

h
e

r
degree

o
f

cc;nfidenc:e
than

is
p

o
ssib

le
fro

m
c
ro

c
o

d
ile

co
u

n
ts.

T
here

is
,

th
e

re
fo

re
,

a
stro

n
g

argum
ent

fo
r

ch
a

n
n

e
li

in
g

w
hat

a
re

a
lm

o
st

in
v
a

ria
b

ly
sca

rce
re

so
u

rce
s

in
to

a
m

o
n

ito
rin

g
program

m
e

based
on,

sa
y,

a
n

n
u

a
l

o
r

hi—
annual

n
e

st
su

rve
ys

and
a

e
ria

l
p

h
o

to
g

ra
p

h
ic

sam
ples

o
f

le
n

g
th

fre
q

u
e

n
cy

d
is

trib
u

tio
n

s
,

and
abandoning

co
n

tin
u

e
d

a
tte

m
p

ts
to

co
u

n
t

c
ro

c
o

d
ile

s
.

The
tra

d
e

--o
ff

w
ill

n
o

t
be

one
fo

r
one.

C
o

n
ve

n
tio

n
a

l
one—

off
su

rve
y

co
u

n
ts

w
ill

be
ch

e
a

p
e

r,
sim

p
le

r
and

q
u

ic
k
e

r,
and

t.h
e

re
to

re
te

m
n

tin
g

as
a

s
tra

te
g

y
.

S
u

p
e

rio
r

in
fo

rm
a

tio
n

is
a

lm
o

st
bound

to
be

m
ore

e
xp

e
n

sive
.

M
anagem

ent
a

u
th

o
ritie

s
w

ill
have

to
w

eigh
up

th
e

a
d

o
p

tio
n

o
f

te
c
h

n
ic

a
lly

m
ore

advanced
m

o
n

ito
rin

g
program

m
es

a
g

a
in

st
th

e
ir

c
o

s
t.



C
o

n
clu

sio
n

s

In
g

e
n

e
ra

l,
su

rve
ys

o
f

c
ro

c
o

d
ile

p
o

p
u

la
tio

n
s

a
re

com
m

issioned
because

a
m

anagem
ent

a
u

th
o

rity
seeks

to
know

th
e

ir
num

bers
end

range
to

p
la

n
a

h
a

rve
st

o
r

co
n

se
rva

tio
n

s
tra

te
g

y
.

B
e

fo
re

ch
o

o
sin

g
a

su
rve

y
m

ethod
th

e
typ

e
o

f
in

fo
rm

a
tio

n
each

m
ethod

y
ie

ld
s

sh
o

u
ld

be
co

n
sid

e
re

d
.

As
w

as
em

phasized
in

co
u

n
tin

g
d

e
sig

n
,

no
N

ile
c
ro

c
o

d
ile

su
rve

y
(a

s
d

is
tin

c
t

from
th

e
long—

term
stu

d
y

o
f

H
u

tto
n

,
1984)

has
e

ve
r

e
stim

a
te

d
th

e
a

c
tu

a
l

num
ber

o
f

c
ro

c
o

d
ile

s
in

th
e

su
rve

y
a

re
a

.
The

e
stim

a
te

s
co

n
ta

in
e

rro
rs

due
to

v
is

ib
ility

b
ia

s
w

hich
a

re
a

lw
a

ys
unknow

n,
w

hich
p

ro
b

a
b

ly
va

ry
w

id
e

ly
am

ong
p

o
p

u
la

tio
n

s
and

w
hich

m
ay

va
ry

betw
een

su
cce

ssive
e

stim
a

te
s

o
f

th
e

sam
e

p
o

p
u

la
tio

n
.

No
sim

p
le

m
ethod

e
x
is

ts
fo

r
e

s
tim

a
tin

g
co

n
ce

a
lm

e
n

t
and

d
iv

in
g

b
ia

s
as

m
ark—

recapture
is

to
o

e
xp

e
n

sive
and

te
c
h

n
ic

a
lly

dem
anding

fo
r

a
g

e
n

e
ra

l
su

rve
y

m
ethod.

If
c
ro

c
o

d
ile

co
u

n
ts

a
re

to
be

m
ade

it
m

ust
be

fu
lly

a
p

p
re

cia
te

d
th

a
t

th
e

y
a

re
o

n
ly

in
d

ic
e

s
o

f
unknow

n
d

e
n

s
ity

.
To

be
u

se
fu

l
as

in
d

ic
e

s
th

e
ir

p
re

c
is

io
n

and
s
ta

b
ility

m
ust

be
e

va
lu

a
te

d
.

P
re

c
is

io
n

can
o

n
ly

be
e

stim
a

te
d

fro
m

sam
ple

co
u

n
ts,

and
s
ta

b
ility

can
o

n
ly

be
hoped

fo
r

fro
m

rig
o

ro
u

s
s
ta

n
d

a
rd

iz
a

tio
n

o
f

te
ch

n
iq

u
e

.
T

o
ta

l
co

u
n

ts
sh

o
u

ld
be

a
vo

id
e

d
,

e
xce

p
t

as
a

b
a

sis
fo

r
in

itia
l

s
tra

tific
a

tio
n

o
f

c
ro

c
o

d
ile

h
a

b
ita

t
in

a
g

ive
n

riv
e

r
syste

m
.

T
o

ta
l

co
u

n
ts

ca
n

n
o

t
be

used
to

tra
c
k

changes
because

no
e

stim
a

te
o

f
th

e
ir

p
re

c
is

io
n

is
p

o
s
s
ib

le
.

S
in

ce
th

e
va

lu
e

o
f

an
in

d
e

x
depends

h
e

a
v
ily

on
its

CV
it

fo
llo

w
s

th
a

t
th

e
com

m
on

p
ra

c
tic

e
o

f
m

aking
an

a
e

ria
l

co
u

n
t

and
a

d
ju

s
tin

g
th

is
w

ith
a

c
o

rre
c
tio

n
fa

c
to

r
fro

m
s
p

o
tlig

h
t

countS
degrades

p
re

c
is

io
n

,
because

th
e

va
ria

n
ce

o
f

th
e

c
o

rre
c
tio

n
fa

c
to

r
m

ust
be

added
to

th
e

co
u

n
t

v
a

ria
n

c
e

.
S

in
ce

th
e

g
a

in
in

a
ccu

ra
cy

is
sm

a
ll

and
o

f
an

unknow
n

am
ount

th
e

p
ra

c
tic

e
is

o
f

little
Lf

any
va

lu
e

.
E

ith
e

r
a

s
p

o
tlig

h
t

o
r

a
e

ria
l

sam
ple

co
u

n
t

by
its

e
lf

is
a

b
e

tte
r

in
d

e
x.

O
nce

th
e

d
is

trib
u

tio
n

o
f

c
ro

c
o

d
ile

s
in

a
system

is
know

n
a

s
u

p
e

rio
r

m
easure

o
f

s
ta

tu
s

is
n

e
st

e
ffo

rt,
because

v
is

ib
ility

b
ia

s
is

re
a

d
ily

e
stim

a
te

d
and

th
e

re
fo

re
a

c
tu

a
l

n
e

st
e

ffo
rt

is
e

stim
a

te
d

.
G

ood
p

re
c
is

io
n

and
s
ta

b
ility

can
be

e
xp

e
cte

d
from

p
ra

c
tic

a
l

su
rve

y
d

e
sig

n
s.

In
a

d
d

itio
n

,
n

e
st

e
ffo

rt
can

in
d

e
x

c
ro

c
o

d
ile

num
bers,

a
t

le
a

s
t

as
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