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ABSTRACT

Aerial sample count methods are widely used to accurately determine numbers and distribution of ani-
mal populations. In this paper we present a relatively simple procedure to depict aerial survey results on
a spread sheet whose inner contour lines resemble the sampled area and give estimates of numbers or
densities in individual cells. The procedure is based on the standard method of Jolly for the provision of
the population estimate and a measure of the error (Jolly, 1969). Our method aims at improving the
accuracy of the population estimate and at deriving simplified raster maps from spreadsheet programs
such as Quattro Pro, Excel or Lotus.

RESUMEE

Les méthodes aériennes de comptage d’échantillon sont largement utilisées pour déterminer avec exac-
titude la taille et la répartition de populations animales. Nous présentons dans cet article une procédure
relativement simple pour décrire les résultats de recensements aériens dans un tableau dont les lignes de
contour intérieures représentent la surface échantillonnée et donnent une estimation des nombres ou
densités à l’intérieur de chaque cellule. La procédure est basée sur la méthode standard de Jolly pour
l’évaluation de la population et la mesure de l’erreur (Jolly, 1969). L’objectif de cette méthode est
d’améliorer l’exactitude de l’estimation des populations et de dériver des cartes de quadrillage simplifiées
à partir de tableurs comme Quattro Pro, Excel ou Lotus.

INTRODUCTION

Aerial sample count methods - perfected in the
1960s - have been comprehensively described by
Norton-Griffiths (1978) and more recently by
Mbugua (1996). These methods are widely applied
for the census of wild and domestic mammals
throughout Africa. Jolly’s II method for unequal
sized sampling units (Jolly, 1969) has been consis-
tently used to provide both the population estimate
and a measure of the error of the estimate. Norton-
Griffiths (1978) also explains how stratification of

the census zone serves to reduce the margin of er-
ror in the population estimate. However, although
both the practical aspects of the methods undertak-
ing the sample count and the mathematics required
to calculate the population estimate have been ad-
equately described, there is little information on the
methods that can be used to undertake a series of
calculations to produce the population estimate and
confidence limits, and figures to represent the dis-
tribution of wildlife in the count zone.

Several researchers have developed computer pro-
grams to calculate the Jolly’s II population estimate
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and map distributions (Burrill and Douglas Hamilton,
unpubl.; Campbell, unpubl.; Western, 1976). How-
ever, these programs have often been tailored for in-
dividual areas or are not widely available and cannot
be easily adjusted to other count zones.

This paper describes how readily available
spreadsheet programs can be used to provide:
• a simple method of data entry
• an instant total of each species in each stratifi-

cation block
• a simple calculation of both the population esti-

mate and the 95% confidence limit
• figures depicting the distribution of species

within the count zone - of both the numbers of
each species per subunit or the density of each
species per subunit.
This method of data analysis is of value to research-

ers who are undertaking the analysis of sample count
data and who would like to improve on the accuracy
of the population estimate and produce basic figures
representative of the distribution of wildlife surveyed
without the need for Geographic Information Sys-
tems. Other programs do exist for both of these as-
pects, but this method makes use of commonly avail-
able software (Fox, 1998) and does not require the
most up-to-date computer hardware to undertake
more elaborate analysis.

The paper is based on the use of QuattroPro 4.1
(Borland, 1992), but the approach can be used in
all other similar spreadsheet programs eg Microsoft
Excel, Lotus 1-2-3. In other spreadsheet programs
most of the commands will be identical or require
only limited changes.

Many aspects of this method of analysis can best
be illustrated through tables. The majority of the
tables attempt to depict spreadsheet windows with
letters and numbers giving the co-ordinates for col-
umns and rows respectively.

This method was developed in 1993 as part of
the Garamba National Park Monitoring Programme
(Smith et al., 1993) and has been thoroughly tested
since (Hillman Smith et al., unpubl. 1995a,b).

METHODS

The analysis involves seven basic steps prior to and
after flying the count.

Prior to flying the count:
1. Defining the count zone and individual strata on

the spreadsheet (here after called MAPfile)
2. Preparing the spreadsheet for calculating the popu-

lation estimate (referred to as JOLLY’SII file)
After flying the count:
3. Flying the calibration flights and producing the

regression equation.
4. Using the altitude above ground level and the re-

gression equation to calculate the strip width and N.
5. Calculating the area sampled per subunit from

the altitude above ground level
6. Calculating the area sampled in each stratum
7. Transposing the totals for each stratum into the

Jolly’s II calculation.
Figure 1 gives an example of how the MAPfile re-

lates to the area censused during the aerial count of
Garamba National Park and the surrounding reserves.

So that this method of analysis can be applied to
other aerial survey sites, this paper uses an example
of a generic “count zone” comprising three strata
A, B and C (Figure 2). From the description pro-
vided it is hoped that the approach can be used to
create a mapfile and JOLLY’SIIfile that pertain to spe-
cific areas. These primary files can then be used in
any subsequent counts of the same count zone.

Prior to the flying the count

Definition of the survey area in the spreadsheet
(mapfile).
The analysis hinges upon a primary MAPfile which
needs to be prepared in advance of the count. This
file uses the spreadsheet colunms as the transects and
the rows as subunits or visa versa depending upon
the direction that the transects are flown. The transects
and subunits are numbered and the survey area defined
with lines and shading for clarity. The individual strata
should also be sketched in using lines (Figure 1b).

Once the MAPfile has been defined it is useful, when
entering data, to lock the titles of both the colunms
and rows so that these are always displayed (freeze
panes). The survey area defined in the MAPfile only
occupies part of the grid established by the transect/
subunit matrix. Many of the procedures in this analy-
sis will involve writing an equation in the top left
hand corner of the survey area (cell B2 in Figure 2)
and then copying this formula across the whole sur-
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Figure 1. Similarity between a digitised map (a.) and the Mapfile (b.) produced using the cells of the
spreadsheet as subunits.

a.

b.
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vey area. Using Figure 2 as an example the source
block would be cell B2, and the destination, B2..J10.
The Edit/cOpy Special/Contents function is very
powerful as it does not overwrite the formatting (lines
and shading) used to define the survey area.

Stratification bar
Below the MAP defined on the spreadsheet, a series
of rows which total the cells in each transect above
need to be defined using the @SUM command. Cells
falling into individual strata should be totalled in sepa-
rate rows. Figure 2 illustrates how the stratification
line relates to the strata defined in the MAP above.

This MAPfile forms the basis of the data entry,
analysis and figures depicting the wildlife distribu-
tions. Several back-ups of this original file should
be made in case the original file is overwritten.

Jolly’SII Population estimate spreadsheet
(JOLLY’SIlflle)
The JOLLY’SIIfile is composed of two parts (Tables 1a-
c): an upper section where data are received from the
Mapfiles (Tables 1a and b) and a lower section in
which the formulae are predefined to calculate the
population estimates and confidence limits (Table 1c).
The left hand block receives the area data calculated
from the height AGL for each strata. Below these are
the formulae used to calculate the areas used in the
derivation of the population estimates.

To the right of the area data in the block G2 to
Jl0, figures for the number of each species are cop-
ied from the species MAPfile. Below these columns
are the calculations to produce the population esti-
mate and confidence limits for each species by strata
and the stratified total.

Tables 1a-c detail the steps involved in trans-

posing data from the MAPfile but also show the lo-
cation of the formulae required to calculate the
population estimate for each stratum, the 95% con-
fidence limit and, hence, the stratified total. These
formulae are detailed in Table 2. When adapting
these formulae to another survey area the formula
must include all the values in the column above.
With the @SUMPRODUCT command, a blank
cell in the column above will return an error (ERR)
command. Blank values need to be replaced with
a zero value to make the above column a continu-
ous list of numbers.

The flight plan for an aerial sample count should
provide the values of “N” (the total number of units
in the population from which the transects were
drawn) and “n” (the number of sample units in the
sample). Many of the formulae in Tables 2 and 3
are anchored to specific cells, containg these val-
ues rather than having numbers contained in the
formulae. QuattroPro uses the “$“ sign before the
column and row values to fix on to one cell. This
enables new values for n, N, and area sampled to
be inserted into the MAPfile for subsequent counts.
If these values need to be changed all the calcula-
tions will adjust automatically.

Once the calculations for the first animal pop-
ulation estimate have been completed it is simply a
matter of copying the whole block across hori-
zontally directly underneath the first column of the
next stratum. In the case of Table 2 this involves
copying the block G12..K25 across to L12. Block
copying these formulae across reduces the chance
of introducing errors.

Table 2 is a simplified version of the formulae
which relate to the Mapfile and the data transposed

Figure 2. The grammar of the formula for each stratum in the stratification bar below the map. Note the use of commas
as well as specified ranges of cells to include all cells of an individual stratum in the column above.
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Table 1a. Original AREAfiIe.

A B C D E F G H I J

1 Transect 1 2 3 4 5 6 7 8 9

11 Strata
12 A 3.4 1.7
13 B 3.7 3.6 7.3 5.1 7.4 5.2 5.5
14 C 9.7 7.8 9.5 7.2 7.5 7.1 11.7 7.2 9.6
15 Total 9.7 11.5 13.1 14.5 16 16.2 16.9 12.71 9.6

Table Ic. Transposed AREA and SPECIESfiIe into JOLLY’SlIfile.

A B C D E F G H I J K
STRATA STRATA

  1  TRANSECT A B C TOTAL A B C TOTAL
2 1 9.7 9.7 5 5
3 2 3.7 7.8 11.5 1 41 42
4 3 3.6 9.5 13.1 41 40 81
5 4 7.3 7.2 14.5 20 44 64
6 5 3.4 5.1 7.5 16 37 47 25 109
7 6 1.7 7.4 7.1 16.2 9 37 9 55
8 7 5.2 11.7 16.9 49 22 71
9 8 5.5 7.2 12.7 18 37 55

10 9 9.6 9.6 36
    STRATA                 STRATA

 11 A B C TOTAL A B C TOTAL
12 Total  SEE TABLE 1 Total SEETABLE 1

              FOR DETAILS               FOR DETAILS
                     OF THE FORMULAE                         OF THE FORMULAE
                      IN THESE CELLS             IN THESE CELLS

13  Sum ot Sum ot
      Squares Squares
14 Sum(Z*y)
15  n
16  N R=Sy/Sz
17 Area Vary STRATIFIED
18 Var Z     TOTAL
19 Covar zy
20
21 Pop est
22
23 SE(Y)
24 95%CL
25 95% as %

Table lb. Original SPEClESfile.

A B C D E F G H I J

1 Transect 1 2 3 4 5 6 7 8 9

11 Strata
12 A 37 9
13 B 1 41  29 47 37 49 18
14 C 5 41 49 44 2S 1 9 22 37 36
15 TOTAL 5 42 81 64 109 55 7t 55 36
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from the stratification bar (Figure 2). These calcu-
lations come to life in Table 3 which shows a
worked example of the analysis for the elephant
population in Garamba National Park in 1993.

After flying the count

Calibration graph
Norton-Griffiths (1978) describes the need for
around 20 calibration flights to determine the strip
width. The altitude above ground level and the ob-
served strip width can be used to calculate the re-
gression equation using the Tools/Advanced Math/
Regression function in QuattroPro.

Height above ground level (AGL) and the total
strip width observed (left plus right) are entered in
separate columns in a spreadsheet.

The height above ground should be defined as
the independent variable. The total strip width
should be selected as the dependant variable. De-
fine a blank cell on the spreadsheet for the output
and select Go. An example of the regression output
from the 1993 aerial sample count of Garamba
National Park is shown below.

Regression Output:
Constant (c) -1.51
Std Err of Y Est 31.72
R Squared 0.89
No. of Observations 80.00
Degrees of Freedom 78.00
X Coefficient (m) 0.96
Std. Err. of Coef. 0.04
Thus the equation for the line y = mx + c is:

strip width = 0.96*height above ground level - 1.51.

Height Above Ground Level
During the count the height above ground level
(AGL) should be recorded. For this analysis it is
preferred that the AGL is noted in every subunit
by the front seat observer.

The original Mapfile should be opened and im-
mediately renamed. The AGL for each subunit should
be entered across the survey area. Any blank cells in
the survey area should have the mean AGL entered.

Calculating the strip width
The observed strip width in each subunit can be
calculated using the regression equation calculated
above and the AGLfile. Once again the Mapfile
should be opened and renamed. In the top left hand
corner (B2 in Figure 3) of the spreadsheet type the
regression equation is as follows:

@SUM((m*[AGLfiIe]B2)+c)
Make sure that the equation refers to the top left

hand cell of the survey area of the aglfile. Using
the Edit/cOpy Special/Contents function this for-
mula should be copied over the whole survey area.
It may be easier to type in the whole range (e.g.
B2..AN35) than use the mouse to drag over the
whole area.

In the cells outside of the survey area, the equa-
tion should return the value of the constant. In all
other cells it should calculate the strip width in each
subunit.

All these formulae can be converted to their real
values (Edit/Values) remembering to overwrite the
block. Normally only the top left hand cell needs
to be defined for the destination. The next step is
to use Edit/Search/Replace to remove

Figure 3. Formulae required to calculate N and n from STRIPWIDTH file. The original @SUM command in the
stratification bar has been replaced with @AVG to obtain the main value of the strip width for each stratum.
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Table 2. The spreadsheet for calculating Jolly’s II population estimate. Columns wise
calculations shown in Norton-Griffiths (1978) for an individual species the stratified
sample estimate for the species.

A B C D E F G

11 A B C TOTAL A

12 Total @SUM(B6..B7) @SUM(C3. .C9) @SUM(D2..D10) @SUM(E2..E10) @SUM(G6..G7)

13 Sumsqu @SUMPROD @SUMPROD @SUMPROD @SUMPROD @SUMPROD

(B6..B7,B6..B7) (C3..C9,C3..C9) (D2..D10,D2..D10 (E2..E10,E2..E10) (G6..G7,G6..G7)

14 Sum(Z*y) @SUMPROD

($B$6..$B$7,G6..G7)

15 n 23 17 15 37

16 N 343 255 223 500 R=Sy/Sz @SUM(G12/$B$12)

17 AREA 5500 3550 1950 9675 Vary @VARS(G6..G7)

18 Varz @VARS(B6..B7) @VARS(C3..C9) @VARS(D2..D10) @VARS(E2..E10)

19 Covarzy @SUM(1/$B$15-1)

•(G14-($B$12*G12)

/$B$15))

20 SPECIES

21 Popest(Y) (G16*$B$17)

22

23 SE(Y) @SQRT(@SUM($B$16

*($B$16-$B$15)/$B$15)

(G17-2*G16*J19

+(G16^2)*$B$18))

24 95%C.L. 2.04*G23

25 Percentage @SUM(G24/G21*100)

the constant values. Define the survey area block
and enter the full value for the constant as the search
string but do not enter anything as the replace string.
This should remove all the values outside the MAP
area.

Calculating n and N

Variations from the flight plan and differences in
terrain mean that values for both N and n need to
be calculated for each stratum from the actual strip
width recorded for each sub-unit during each
transect (Norton-Griffiths, 1978).

ln the STRIPWIDTHfiIe the stratification bar
summarises the strip width in each stratum which
determines the value of N for each stratum. To

calculate N the @SUM command needs to be replaced
with @AVG (Figure 3) This is easily done with the
Edit/Search/Replace routine as above.

Calculating the area of each stratum
The regression equation giving the strip width will
also provide the area surveyed in each subunit. The
equation is:

AREA SURVEYED = ((mx) + c) * subunit
length/l 000

This calculation again should be entered into the
block B2 and then using the Edit/cOpy Special/
Contents function copied to the range e.g. B2..J11.
The stratification bar below will total up the area
surveyed in each stratum in each transect.
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B to E calculate the area surveyed for each stratum. Columns G to J follow the step-in each
stratum. Column K combines the estimates from individual stratum to reach

H I J K

B C TOTAL

@SUM(H3..H9) @SUM(12..I10) @SUM(J2..J10)

@SUMPROD @SUMPROD @SUMPROD

(H3..H9,H3..H9) (12..I10,I2..I10) (J2..J10,J2..J10)

@SUMPROD @SUMPROD @SUMPROD

($C$3..$C$9,H3..H9) ($D$2..$D$10,12..I10) ($E$2..$E$10,J2..J10)

@SUM(H12/$C$12) @SUM(I12/$D$12) @SUM(J12/$E$12)

@VARS(H3..H9) @VARS(12..I10) @VARS(J2..J10)

START

@SUM((1/$C$15-1) @SUM((1/$D$15-1) @SUM((1/$E$15) TOTAL

(H14-($C$12*H12) *(I14-($D$12*I12) *(J14-($E$12*J12)

/$C$15)) /$D$15)) /$E$15))

(H16*$C$17) (I16*$D$17) (J16*$E$17) @SUM(G521,H21,I521)

@SQRT(@SUM($C$16 @SQRT(@SUM($D$16 @SQRT(@SUM($E$16) @SQRT(@SUM

*($C$16-$C$15)/$C$15) *($D$16-$D$15)/$D$15) *($E$16-$E$15)/$E$15) (G23^2,H23^2,123^2))

*(H17-2*H16*J19) *(I17-2*I16*J19) *(J17-2*J16*J19)+

+(H16^2)*$C$18)) +(I16^2)*$D$18)) (J16^2)*$E$18)

2.04*H23 2.04*I23 2.04*J23 @SUM(K23*1.96)

@SUM(H24/H21*100) @SUM(I24/I21*100) @SUM(J24/J21*100) @SUM(K24/K21*100)

Data entry
Once the MAPfile has been finalised, with the strati-
fication bar it is ready for entering species data. A
new file is needed for each species.

Open the MAPfile and rename this file imme-
diately with a name that refers to the count and the
species to be entered. Data from the observers
should be entered in the appropriate cell corre-
sponding to the transect and subunit indicated on
the count data sheets. It is useful if the left and right
observed figures are entered in the same cell but as
a part of a formula.

Left Obs. Right Obs.
30 + 28 = 58

If only one observer recorded a sighting, enter a
zero value for the other observer. This practice
makes checking data entries far easier. If tests have
been undertaken to correct for observer bias these
values can be included in the formula at this point.
The totals for the numbers of each species observed
in each stratum should automatically be recorded
in the stratification bar below.

Transposing data
Transposing rearranges data from rows into col-
umns. This can be done either on the same spread-
sheet or data can be transposed from one open file
onto another open file. The latter procedure is
examplified in Table 1c.
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The values for the area surveyed
need to be transposed for N/S
transects or copied for E/W from the
area file into the JOLLY’SIIfile as do
the values from the stratification bar
for each animal species. It is less
complicated if there are only two
windows open at the same time.
There are two steps involved in
transposing data.
• The formula solutions in the

stratification bar have to be con-
verted into their true values. Us-
ing the Edit/Values command
convert all the stratified totals for
the range into their mathemati-
cal values, overlaying these val-
ues on to the original, or place
them slightly below the stratifi-
cation bar.

• These values have to be trans-
posed into the J OLLY’SII file
spreadsheet. Define the range of
cells to be transposed i.e. the
whole stratification bar. On Fig-
ure 2 this corresponds to
B12..J15. When prompted for
the destination, swap between
open files to the JOLLY’SII spread-
sheet. You need only define the
top left hand comer of the block
for where the columns need to
be placed, and not the whole area
for the columns.
In Table 1c the values for the area

surveyed in each-transect were
transposed from the range B12..J15
to cell B2. Likewise the count data
for the first species was transposed
from range B12..J15 into cell G2.
One column needs to be left for cal-
culating the stratified total and the
next set of species data would be
transposed into cell L2.

Table 3. A worked example of a stratified sample
(Smith et al. 1993). Values for the area
respective files into the relevant columns.
dence interval are then calculated

Trans Park North South Domain
1 3.3
2 7.1
3 11.6
4 20.8
5 22
6 27.8
7 25.2
8 28
9 28.9
10 1.7 1.7 32.4
11 3.4 3.4 31.1
12 4.9 4.9 26.9
13 8.7 8.7 24
14 6.7 6.7 26.6
15 6.6 6.6 27.7
16 18.7 6.7 12 17
17 24.2 12.4 11.8 15.2
18 24.3 13.1 11.3 15.5
19 24.7 13.5 11.1 18.7
20 26.5 14.6 11.8 18.4
21 28.7 16.6 12.1 23.2
22 31.5 19.4 12.1 18.8
23 33.1 22.8 10.3 14.3
24 29.3 22.9 6.4 20.8
25 21.4 21.4 26.6
26 19 19 25.1
27 15.8 15.8 10.5
28 15.2 15.2 11.6
29 6.5 6.5 9.8
30 6.1 6.1 10.2
31 6.8 6.8 7.2
32 2 2 7.1
33
12.3
34 7.5
35 8.1

36 7.9
37 3.3

Total 365.7 234.9 130.8 652.3
Sumsqu 8,234.60 3,891.30 1,314.80 14,128.20

n 23 17 15 37
N 343 255 223 500
AREA 5500 3550 1950 9675
Varz 110 40.4 12.4 73
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count from 1993 aerial survey of Garamba National Park,
Zaire sampled and elephants sighted were transposed from
their The results for Jolly’s II population estimate and 95%
confiautomatically from the formula in Figure 5.

Park North South Domain

0
0
0
0
0
0
0
0
0

0 0 0
8 8 0
0 0 0
0 0 0
0 0 5
0 0 0

12 0 12 0
11 0 11 0
66 0 66 0
92 10 82 0
99 17 82 0
47 0 47 4
57 27 30 0

111 24 87 2
80 1 79 0

0 0 1
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0
0
0
0
0

583 79 504 12
47,129.00 1,695.00 35,052.00 46

Sum(Z*y) 16,178.30 1,478.90 5,261.10 280.9

R=∑y/∑z 1.6 0.3 3.9 0
Vary 1,470.50 83 1,294.10 1.2

STRAT.
Covar zy 314 27.2 96.6 1.9 TOTAL

Pop. est.(Y) 8,768 1,194 7,511 178 8,883
SE(Y) 1,890.30 496.5 1,504.30 83 1,586.30

95% C.L. 3,856.10 1,012.90 3,068.90 169.2 3,109.20
95% C.L as % 44 84.8 40.9 95.1 35

RESULTS

Figures represent-
lug the distribution of
individual species
A side product of this
method is that figures rep-
resenting the observed dis-
tribution of each species are
produced during the course
of the analysis. In their most
basic form this involves
printing the original
SPECIESfile using the print to
fit function.

By combining results
from both the SPECIESfile and
the AREAfile it is possible to
determine the species den-
sity for subunits. There are
five steps involved in pro-
ducing these maps.
• Open a new MAPfile and
rename this. Also open one
SPECIESfile and the AREAfile.
• The calculation simply
involves dividing the num-
ber of the species counted by
the area censused. The easi-
est means to enter this for-
mula is to swap between
windows. The formula
should be entered into the
top left hand corner of the
mapfile regardless of
whether this falls in the sur-
vey area. The formula
should refer to the top left
hand corner of the other two
files. Using Figure 2 as an
example the formula would
appear as:
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A B
1
2 @SUM([SPECIES-file]B2/[AREAfile]B2)

• Using the Edit/cOpy Special/Contents command
copy this equation over the whole range of the
survey area e.g. B2..J11. Cells outside the sur-
vey area, which have no values for the area or
species, return an ERR message. Cells where
the species were not present will return a zero
value

• Using the Edit/Values function all the equations
can be converted to their numeric values. The
error (ERR) messages are also converted to text.

• The Edit/Search and replace function can be used
to remove all the ERR symbols from the block.
Define the whole MAP range. Enter ERR as the
search text but leave the replace box blank. To
remove zero values a supervised search and re-
place needs to be undertaken, confirming each
replacement; otherwise, zero values contained
in the density values will also be removed.

Figure 4. Garamba National Park aerial sample count May 1993. Point densities of elephants per 25km2 sub unit.

This should leave only the density values remain-
ing in each cell for where the species was recorded.
Figure 4 is an example of such a distribution map
from the 1993 aerial survey of Garamba National
Park and surrounding hunting areas.

CONCLUSION

The most difficult aspect of this method is defining
the count MAPfile with the stratification bar and en-
suring that the formulae in the JOLLY’SIIfile include
all the values in the column above and are linked to
the relevant cells. This is a short-term problem and
can be overcome with some attention to detail. In
the long term, once established, the basic files can
be used in analysing future counts of the same area.
Other aspects of the analysis rely on sure footedness
in using spreadsheet packages.

Data entry and analysis is overt and easy to
verify. In addition the data from the figures depict-
ing the distribution of species can be transferred to
a raster or vector format for further analysis and
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mapping using geographic information systems as
illustrated in Hillman Smith (1995c).

The benefits of calculating the stratified pop-
ulation estimate can be seen in Table 3 where the
95% confidence limit is reduced from 56.9% to
35.0% of the population estimate.
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