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Introduction

Of the 16 species of gibbons recognized under the IUCN Red List of Threatened Species, all are
considered threatened with extinction with four considered Critically Endangered, eleven
Endangered and only one listed as Vulnerable. The fact that gibbons are one of the most threatened
Families of primate means that there is a great need and desire to determine and monitor their
status in order that conservation interventions can be conducted in the most effective fashion. This
need for population surveys has been mirrored in an increase in funding in recent years for gibbon
conservation work, most significantly through USFWS Great Ape Conservation Fund, and Arcus
Foundation resulting in an increase in survey work on gibbon populations throughout their range.

Having accurate population estimates for species and populations is important for determining
threat level and for prioritising populations for conservation interventions, however, methods used
for surveying gibbons have a large number of pitfalls and assumptions that often lead to erroneous
results if not accounted for (Rawson 2010). This leads to the situation that population estimates
under different projects for different species, using different methods and designs, being conducted
by different surveyors, in different regions, at different times of the year, and with different gibbon
densities are generally not comparable. Additionally, data analysis skill varies among gibbon
surveyors and results presented often do not show underlying assumptions. Therefore, there is an
urgent need for a computer program that can help surveyors to estimate gibbon density and
population size easily.

The aim of this manual and associated software is to provide an automated system for estimating
gibbon population density and population size using auditory sampling approaches (or point counts)
which can be uniformly applied across sites, allowing for greater comparability and subsequent
prioritisation. These guidelines are an attempt to provide a relatively easy to use, yet thorough
statistical approach to calculating group density and population size from a survey.

These guidelines and associated software are sufficiently flexible to accept data collected in a
number of different ways. Surveyors can have flexible lengths of time at listening posts depending
on sampling effort available and can estimate calling probability in a day either through data
collected during the survey or through long-term data collection on focal groups.

It is still relatively easy to misuse such guidelines and the results they generate. These guidelines
assume a randomized survey protocol has been used to generate data input into the software.
Listening posts should be randomly placed across the site of interest, not selected based on ease of
access, water availability etc. While this caveat applies to any statistical approach which samples a
population and then extrapolates to the whole population, it is a message which has been largely
lost on gibbon surveyors, even in the published literature. It is beyond the scope of this document to
discuss this topic at length but the authors would encourage users of this package to follow a survey
design such as presented in Rawson et al (2009) or O’Brien et al (2004) where randomized listening
posts are distributed across the site of interest. Surveyors should also be aware of the failings of the



auditory survey approach before embarking on surveys; Rawson (2010) provides an overview of the
problems associated with these techniques.

Likewise, sufficient sample size is required for data to have meaning. Surveys that use only a few
unrepresentative listening posts to document a population of interst are not appropriate for use
with this package. Many situations in Vietnam, especially the further north one travels, will require
this kind of approach with interview surveys followed up by field surveys in small areas to try and
detect/count a remnant gibbon population (e.g. Luu Tuong Bach & Rawson 2009; Le Trong Dat & Le
Minh Phong 2010). Data collected from such surveys cannot appropriately be used with this package
excepting to determine population density only within the census area, i.e. it should not be
extrapolated beyond the area directly under survey, however the value of such analysis is generally
small.

This package has been used in several surveys in Vietnam already, and has helped provide some of
the first unbiased estimates of gibbon density and population size for the country. The package has
been used in Pu Mat National Park, revealing the sites importance for northern white-cheeked
crested gibbons Nomascus leucogenys (Luu Tuong Bach & Rawson 2011). It has also been used in
Kon Ka Kinh National Park to provide the first population estimates for the newly described northern
buff-cheeked crested gibbon Nomascus annamensis in Vietnam (Ha Thang Long et al. 2011). It has
also been used to assess the population of yellow-cheeked crested gibbon Nomascus gabriellae in Ta
Dung Nature Reserve (Hoang Minh Duc et al. 2010) and is being used in Bu Gia Map National Park
currently (Hoang Minh Duc et al. In prep). While in many locations in Vietnam where populations are
highly fragmeneted and supressed this package will not be useful, it could be applied in many others
which are thought to be potentially key areas of distribution for remaining populations. Areas may
include Phong Nha-Ke Bang National Park and the Bi Dup Nui Ba-Chu Yang Sin-Phuoc Binh complex,
which have both been identified as key knowledge gaps for Nomascus siki and N. gabriellae
respectively (Rawson et al. In prep).

We provide the manual in both English and Vietnamese in order to broaden the documents impact
and usefulness in Vietnam.



Manual for Using Excel population density calculator

This gibbon population size calculation sheet and mathematical formulations are developed by Dr.
Vu Tien Thinh at Department of Wildlife, Forestry University of Vietnam and Dr. Benjamin Miles
Rawsonat Conservational International, Greater Mekong Region. These sheets provide gibbon
surveyors with automatic unbiased estimates of gibbon population density and size plus variance,
and 95% confidence intervals. Additionally, these sheets provide surveyors with flexibility in
designing their field surveys by allowing for varying numbers of survey days by post and by allowing
three different approaches for determining calling probability. To use the sheets, please follow the
following instructions carefully. For more questions, please contact Dr. Vu Tien Thinh: email:
vutienthinh@hotmail.com, phone: 0912 114 373 or Dr. Ben Rawson: email:

b.rawson@conservation.org, phone: 0915 095 342.

I. Fundamental rules for using the sheets
1. Enter datain the pink cells, don’t manipulate other cells.

2. Do not delete any values/format/formula that are not in pink cells.

3. All area data is entered in km?

II. Some underlying theories

Gibbons groups do not call every day. Often an area cannot be surveyed for many days to ensure all
gibbon groups in the area are detected due to limited time, budget, and manpower. Groups that do
not call during a survey period will remain undetected. Therefore, to estimate gibbon population size
correctly, surveyors have to divide the number of detected groups by a correction factor (P), which
takes into account this fact. The correction factor applied depends on the number of days listening
posts are surveyed. The longer a post is surveyed, the more gibbon groups are likely to be detected
and the higher the correction factor which needs to be applied. Additionally, P varies by species, site
and season. In order to calculate the P, calling probability in one day (p1) needs to be estimated. In
this manual, we provide three methods by which the calling probability in one day can be estimated:

1. The first method is using long-term observations of calling behavior of known groups. In this
method, some known gibbons groups would be followed for a period of time to determine
calling behaviour. In this case, use the sheet named
“Gibbon_Pop_Calcs_LongtermObservation.xls”.
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2. The second method uses only data collected from surveys, and uses data from all posts that
have been surveyed for at least 3 days. In this case, discard all data collected after the first 3
days and use the sheet named “Gibbon_Pop_Calcs_3days.xls”.

3. The third method uses only data collected from surveys, and uses data from all posts that
have been surveyed for at least 2 days. In this case, discard all data collected after the first 2
days and use the sheet named “Gibbon_Pop_Calcs_2days.xls”.

Note: Many surveys can potentially use either the second or the third method to estimate p1.
However, to improve the precision of the estimate, surveyors should choose the method in which
the number of gibbon groups detected is bigger. For example, in a survey of 20 posts, 12 posts were
surveyed for 3 days and 8 posts were surveyed for 2 days. At the posts surveyed for 3 days a total of
10 gibbon groups were detected, and of that 5 groups were detected in the first 2 days. At the posts
surveyed for only 2 days, a total of 4 gibbon groups were detected. In this case, we should choose
the second method (estimating p1 based on 3 survey days) because we have sample size of 10
gibbon groups. If we choose the third method, the sample size is 9 (5 groups detected in the first 2
days at the posts that were surveyed for 3 days and 4 at the posts that were surveyed for 2 days).

If however the posts which were surveyed for 3 days detected 8 groups in the first 2 days, the third
method should be used because of the sample size of 12 > 10. Remember that if you use the third
method, you can still use data collected at posts that were surveyed for 3 days in the estimation of
pl as long as you discard data collected after the first 2 days. Note however that you must use the
first two days of survey effort, you cannot choose which two days of the three day survey to include.
The art of choosing between method 2 and 3 is to maximize the sample size.

I11. Using the spreadsheets
Method one: Estimation of calling probability using long term observations of known gibbon
groups. Please use the spreadsheet named “Gibbon_Pop_Calcs_LongtermObservation.xlIs”.

Step 1. Fill in the data in the worksheet “Calling probability” to estimate p1

- For each gibbon group, if the group was detected on day i, put “1” in the cell corresponding to
the gibbon group and day. Leave other cells blank.

- Put the number of days a group was surveyed in the column “# of days surveyed”. The number
of days can vary by group.



Day
# of days
Group # 1 7 8 9 10 11 12 13 14 15 16 17 18 19 20 surveying Sum

sy

5
6
4
2
4
0
0
0
0
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In the above example, 5 gibbon groups were followed. Gibbon group 1 was detected on day 1, 2, 5,
8, and 10. Group 3 was followed for 8 days, group 5 was followed for 9 days, and the others were
followed for 10 days.

This will estimate p1 for your data set, which will be displayed in cell C4 with its variance in C5.

Method two: Estimation of calling probability using data from 3 days surveying at posts. Please
use the spreadsheet named “Gibbon_Pop_Calcs_3days.xls”.

Step 1. Fill out the data in the worksheet “Calling probability” to estimate p1

- Only use data collected from posts that were surveyed for at least three days.

- If a group from this data set was surveyed for more than three days, discard data collected
dfter the third day.

- Each individual gibbon group should only be included in the data set once. If you have
overlapping posts, groups heard from more than one post should only be included once. If
the posts were survey simultaneously, you should choose the post closest to the group to
add data from. If one post was surveyed after another, you should choose the post that was
surveyed earlier to add data from.



Q@ - Listening Post

¥ - Calling gibbon group
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Figure 1 - Example survey data from three overlapping listening posts. Dotted lines represent the area that

gibbons can be heard from each listening post. Solid lines represent observations of gibbons from a post.

In the column “Group #”, give each group an ID using an integer number (1, 2, 3....) as illustrated
in Figure 1. Note that in this example, total observations from the three posts are 12; however,
the number of groups detected is 8. Therefore you should only enter 8 groups in your data
sheet.

For each gibbon group, place a “1” in each cell on the day on which the group was heard. Leave
other cells blank. In the example below, 15 gibbon groups were detected. Gibbon group 1 was
detected on days 1 and 2. Group 3 was only detected on day 2 while group 15 was detected on
all three days.

Sum 9 9 8 15

Calling probability (p1)  0.5097
Var (p1) 0.0167
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This will estimate p(1) and it’s variance for your data set, which will be displayed in cell B4 and B5
respectively.

Method 3: Estimation of calling probability using data from 2 days surveying at posts. Please use
the spreadsheet named “Gibbon_Pop_Calcs_2days.xls”.

Step 1. Fill in the data in the worksheet “Calling probability” to estimate p1

- Only use data collected from posts that were surveyed for at least two days.

- If a group from this data set was surveyed for more than two days, discard data collected after
the second day.

- Each individual gibbon group should only be included in the data set once. If you have
overlapping posts, groups heard from more than one post should only be included once. If the
posts were survey simultaneously, you should choose the post closest to the group to add data
from. If one post was surveyed after another, you should choose the post that was surveyed
earlier to add data from.

- In the column “Group #”, give each group an ID using an integer number (1, 2, 3....) as
illustrated in Figure 1. Note that in this example, total observations from the three posts is 12;
however, the number of groups detected is 8. Therefore there are only 8 groups in your data
sheet.

- For each gibbon group, place a “1” in each cell on the day on which the group was heard.
Leave other cells blank. In the example below, 15 gibbon groups were detected. Gibbon group
1 was detected on days 1 and 2 while group 2 was only detected on day 1.

Sum 1" 9 15

Calling probability (p1)  0.5000
Var (p1) 0.0167
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This will estimate p1 and its variance for your data set, which will be displayed in cell B4 and B5
respectively.

Steps 2 through 6 apply for all methods and are the same in all of three sheets provided.

VT

Step 2. Go to “5 days at post”, “4 days at post”, “3 days at post”, “2 days at post” or “1 day at post”
worksheet depending on the standard length of your survey. These sheets are used for entering data
collected from posts that were surveyed for either 5 days, 4 days, 3 days, 2 days or 1 day. Use the
appropriate sheet in each instance. In this manual we provide detailed instructions and examples
for the “3 days at post” worksheet only.

- In column “Post #”, enter post number or post ID using an integer number (i.e. you cannot use
letters or symbols, only numbers). Each post must have an ID. Do not put more post IDs than
the number of posts surveyed.

- In column “Groups heard on Dayl”, enter the number of distinct groups (not the number of
vocalizations) detected at each post on the first day survey at that post. In some cases the
listening area of posts overlaps so that a group can be detected from more than one post. In
this case, count that group for each post it was heard from (This is different from step 1 in
which each group is just counted one time even though it is detected from multiple posts). See
the example in at the end of this step for clarification if needed.

- Repeat this step for the other columns, e.g. “groups heard on day 2” and “groups heard on day
3”.

- In column “Cumulative # of groups (ci)”, for each post enter the number of distinct groups (not
the number of vocalizations) that were detected in all days at that post. This should be
determined by mapping this data and discarding multiple records of the same group. This
value is always smaller than or equal to the sum of values which come from each day (e.g.
columns D, E and F if you have a 3 day survey period).
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Post # Groups Groups Groups Cumulative Averagged# Estimated Postarea Density per
Heard on Heard on Heard on  # of groups of groups  Groups (xi) (ai) (km2) km2 (di)

Day1 Day2 Day3 (i) heard in 1 day

53 45 51 89 49.67 107.14 155.54 0.69
2.00 361 0.51

1.67 482 0.68

I 3.00 6.02 085
2.00 3.61 0.51

1.67 4.82 0.68

3.00 6.02 085

2.00 361 0.51

1.67 482 0.68

3.00 6.02 085

2.00 361 0.51

1.67 4.82 0.68

3.00 6.02 0.85

2.00 361 0.51

1.67 482 068

3.00 6.02 0.85

3.00 6.02 0.85

2.00 361 0.51

1.67 482 0.68

3.00 6.02 0.85

2.00 361 0.51

1.67 4.82 0.68

3.00 6.02 0.85

In the above example, at post 3, 4 groups were detected on the first day, 3 were detected on the
second day, and 2 were detected on the third day. However, some groups were detected multiple
times over the survey period; therefore, the cumulative number of distinct groups detected at post 3
was only 5 groups.

In some cases the listening area of posts overlaps so that a group can be detected from more than
one post. In this case, count that group for each post it was heard from. Figure 1 shows an example
of this case, with three overlapping listening posts. In this example, the cumulative number of
groups heard over the survey period from post 1, 2, and 3 is 3, 4, and 5 groups, respectively. So you
would enter 3, 4 and 5 groups for post 1, post 2, and post 3 in the “3 days at post” sheet. In this
example, total observation from the three posts is 12 and number of groups detected during the
survey is 8.

Step 3. Determining the size of the surveyed area for each post. Note that the sum of the surveyed
area from all posts might be bigger than the actual size of the surveyed area due to overlapping
among posts.

- In the same sheet as in step 2, enter the area surveyed from each post in the column “Post
area”. Data entered into these cells should be in km?. The area around a post surveyed is
determined using the following formula:

a=mnR’

11



with: m=3.14 and
R: is the maximum hearing distance.

As rule of thumb, gibbon surveyors usually use a hearing distance of 1.5km and therefore; a = 7.07
km?. However, this distance will depend on topography and the taxon being surveyed, and specific
maximum hearing distance can be estimated using field data from each survey (e.g. Luu Quang Vinh
et al. 2010). Use Table 1 to determine the area covered at each listening post using maximum
hearing distance.

12



Table 1 - Surveyed area around a post calculated using maximum hearing distance (R).

R (km) Area (km?)
1.0 3.14
1.1 3.80
1.2 4.52
13 5.31
14 6.16
1.5 7.07
1.6 8.04
1.7 9.08
1.8 10.18
1.9 11.34
2.0 12.57
2.1 13.85
2.2 15.21
2.3 16.62
2.4 18.10
2.5 19.63
2.6 21.24
2.7 22.90
2.8 24.63
2.9 26.42
3.0 28.27

- In some instances, listening posts will not cover a standard survey area. This might happen if
(a) some areas covered by the listening radius of a listening post are outside of gibbon habitat
(e.g. agricultural areas), meaning they should not be included in the density estimate; (b) some
areas within the determined listening radius cannot be heard from due to steep terrain or
other issues. If you are reducing the size of some listening posts because of these factors,
enter the altered estimate of the post size for corresponding posts. This updated post size is
always smaller than that calculated using a = t.R’.

Step 4. Complete data entry for posts that were surveyed for 5 days, 4 days, 2 days, or only 1 day as
appropriate.

- If there are posts that were surveyed for 5 days, 4 days, 2 days, or only 1 day, enter data in the
worksheet “5 days at post”, “4 days at post”, “2 days at post” or “1 days at post”,
respectively. However, the more uniform the survey effort spent at posts the better. Note that
each post should only be included on one of these worksheets —i.e. posts that were surveyed
for three days should only be included on the ‘3 days at post’ worksheet, do not include data
from posts on any other sheet.

13



Step 5. Go to “Summary output” worksheet

- Enter the number of distinct groups detected in the field in cell C2. See the example in Fig 1 to
determine this number. In the example, the number of distinct groups detected is 8.

- Enter the total survey area covered by your listening posts in km? in cell C21. If none of your
posts overlap, this will be the same vale as found in cell C15. This will need to be calculated
using a GIS or paper map. Draw circles with the listening post as the center and radius equal to
maximum hearing distance. Then exclude gibbon non-suitable habitat. The area is determined
as the area inside circles. If your posts do overlap, you will need to determine the total area
surveyed. Note that the overlapping area is counted just one time.

- Enter total suitable habitat (km?) into cell C27. This is the area of habitat that is suitable for
gibbons, or that you think still supports a gibbon population. This number should be
determined before your surveys, not based on the results of your surveys. This area can be
larger than the surveyed area (C21) because it contains unsurveyed area that you would like to
extrapolate your results to. Use 1km? = 100ha if you need to convert from hectare to km?* or
back.

- Enter gibbon group size into cell C33. As rule of thumb, 3.5 is used however other mean group
size estimates can be used based on field data.

Step 6. Reading the results in the “Summary output” worksheet

This worksheet provides the estimations for group number, group density and population estimates
based on your data. In general you should report the following values when writing a report on your
survey:

- Estimated group density (D) which is given in cell C14, with corresponding 95% confidence
interval which can be found in cells C18 and C19.

- Estimated total number of groups (TT) in the surveyed area with corresponding 95%
confidence intervals. These are found in cell C20, and in cells C24 and C25, respectively.

- Estimated total number of groups (NG) in the entire site which can be reliably extrapolated to,
which can be found in cell C26 with corresponding 95% confidence interval from cells C30 and
C31.

- Optionally you can also include the estimated total number of individuals (NI) in the reserve as
displayed in cell C32 with corresponding 95% confidence interval in cells C36 and C37.
Estimated number of individuals should not be reported without estimated number of groups.

Additionally, you should also report the raw number of gibbons groups detected and calling
probability (p1) in one day and correction factors (P) found on other sheets.

14



Equations Used

1. Estimating calling probability in one day:

Method one: Using long-term observation of calling behavior of known groups

pl:

n:
hi:
di:

1 E!f]li
p =
i d;
pl(l —pl1)
Vari{pll}= T

Calling probability
Number of gibbon groups followed
Number of days gibbon group i were heard/detected

Number of days gibbon group i were followed

Var(p1): Variance of p1

Method 2: Using data from 3 days survey. We developed the equation to calculate p1 based on

the method presented in Xuelong Jiang et al. (2006).

pl:

n:

N:

pl{l —pl)}
N

Vari{pll}=
Calling probability
Averaged number of gibbon groups detected in one day

Cumulative number of gibbon groups detected in three day period or number of

distinct groups detected in three days

Var(p1): Variance of p1

15



Method 3: Using data from 2 days survey

N
pl=2— —
n
1{1 - p1)
Vﬂl‘(pl} = u
N
pl: Calling probability
n: Averaged number of gibbon groups detected in one day
N: Cumulative number of gibbon groups detected in two days period or number of
distinct groups detected in two days
Var(p1): Variance of p1
2. Estimating correction factor for each strata
P-1-(1-pD¥

P 2
Var(P)={{1 -1 - p1D¥]} .Var(pD
Var® = k?d —p1*&-L varp

Var(P) is developed using Delta method
pl: Calling probability
P: Correction factor
k: Number of survey days
Var(p1): Variance of p1

Var(P): Variance of P

16



3. Estimating raw mean number of groups/post for each strata (Correction factor has not been

applied)

Eil n;
y

m =

Var(m) is calculated automatically using built-in variance formula in Excel.

m: Raw mean number of groups/post
n;: Cumulative number of gibbon groups detected in survey period from post j.
y: Number of listening posts

4., Estimating mean number of groups/post for each strata (Applying correction factor)

M In
P
VarcM Vartm}) m? Var
ar(M) - pZ +P‘l‘ arP)
Var(M) is developed using Delta method
m: Raw mean number of groups/post

P: Correction factor
M: mean # of groups/post
Var(M): Variance of mean number of gibbon groups/post

Var(m): Variance of raw mean number of gibbon groups/post

5. Estimating total number of groups in posts for each strata (This number might be bigger than the
number of distinct groups because of overlapping areas between posts)

T=M.y

Var(T) = M.y*

17



y: Number of listening posts
M: Mean number of groups/post
T: Total number of groups from posts

Var(T): Variance of total number of groups from post

After T is estimated for each stratum, estimates from all strata are combined in worksheet
“Summary output” to give the estimates for the whole survey

6. Estimated groups density for the whole survey (all strata combined)

Var(D) ¥3Var(T];)
ar(l) =———-5-
(23 4i)

D: Group density (groups/km?)
i Number of survey days, i range from 1to 5
Ti: Total number of groups in posts for strata i (see last equation in section 5)

Ai: Total area covered by listening posts in strata i (km?)

Var(Ti): Variance of total number of groups in post for strata i

Var(D): Variance of group density

7. Estimating total number of groups in surveyed area

Tr=D.Ag

Var(Tp) = A, . VarD)

T Total number of groups in the surveyed area

As: Surveyed area, excluding overlapping regions between posts

18



D: Group density

Var(T+): Variance of total number of groups in the surveyed area

8. Estimating total number of groups in the reserve
Nc=D.Ay

Var(Ng) = Ay”.Vard)

Ng: Total number of groups in the reserve
Au: Size of gibbon habitat in the reserve
D: Group density

Var(Ng): Variance of total number of groups in the reserve

9. Estimating total number of individuals in the reserve

N;=s.Ng

Var(N;) = s%. Var(Ng)

Ng: Total number of groups in the reserve
N;: Total number of individual in the reserve
s: Group size

Var(N,): Variance of total number of individual in the reserve

10. Other statistical formula:

SE(An estimate) = Var(An Estimate)

95%Cl: Mean11.96SE

19



Gi6i thiéu

Tét ca 16 loai Vuon dugc liét ké trong sach dé cua IUCN déu dang bi de doa tuyét ching,
trong d6 ¢ 4 loai dugc xép & nhém cuc ky nguy cip (CR), 11 loai thudc nhém nguy cip
(EN) va chi c6 mot loai thudc nhom dé& bi ton thuong (VU). Ho Vuon 1a mot trong nhiing ho
Linh truéng hién dang bi de doa nghiém trong nhit. Do vay nhu ciu diéu tra va giam giat cac
quan thé nham dua ra cac bién phap bao ton hiéu qua 1a rat cp thiét. Nhu cau vé diéu tra cac
quﬁn thé Vuon duoc thé hién qua vi¢c tang cuodng tai trg cho cac hoat dong bao tdn Vuon
trong nhitng nim gan day. Ngudn tai trg chinh 1a quy Bao tén cac loai Vuon ctia Cuc Quén ly
Ca va Pong vat hoang di, Hoa Ky va qily Arcus. Cac ngudn tai trg ndy di gitip gia ting s6
luong cac cude diéu tra Vuon trong ving phan bd ciia chung.

Vi¢ce udc lugng chinh xac quén thé cua cac loai Vuon 1a rat quan trong trong vi¢c xac dinh
mirc d6 de doa va lua chon cac quan thé wu tién cho bao ton. Tuy nhién cac phwong phap st
dung trong diéu tra Vuon con chua dugc hoan thién va théng nhat. Do vay két qua udc luong
thuong khéc thuc té va khong thé so sanh giita cac chuong trinh diéu tra cho céc loai khac
nhau, sir dung cic phuong phap va cach thiét ké diéu tra khac nhau, stir dung ngudi diéu tra co
k¥ nang khac nhau, dugc tién hanh trong nhitng mua khac nhau ctia ndm va & cac khu vuc
khéc nhau vé mat khi hau va mat do Vuon. Day la nhiing yéu t6 anh hudng dén x4c suét hot
cua Vuogn trong mot ngay va tir 6 anh hudng truc tiép dén do chinh x4c cua mat dd Vuon
wdc luong duge. Ngoai ra, k§ nang phan tich sb liéu ciia nguoi didu tra trong cac chuong
trinh khac nhau ciing khong dong nhat. Do vdy can c6 mot phan mém cé thé giup nguoi diéu
tra u6c luong duge mat do Vuon va kich thude quan thé Vuon mot cach tr dong

Muc tiéu cua tai liéu huéng dan ndy va phan mém/bang tinh di kém la cung cap mot chuong
trinh tinh toan ty dong nham udc luong mat do va kich thudc quan thé Vuon tir sb licu didu
tra qua tiéng hot. Phan mém nay sé& giup sd liéu thu thap tir cac cude diéu tra co thé dé dang
so sanh dugc véi nhau. Tai liéu nay huéng dan cach sir dung bang tinh mot cach dé dang va
trinh bay cac cong thirc toan thong ké duogc sir dung trong viée ude luong mat do va kich
thudc quan thé Vuon.

Phan mém nay tao ra sy linh dong trong thiét ké mot cude diéu tra Vuon vi no chép nhén sb
liéu thu thap duogc tir nhiéu cach khac nhau. Nguoi diéu tra c6 thé sir dung sd ngay diéu tra
khac nhau tai cac diém nghe khac nhau néu diéu kién diéu tra khong cho phép co cung s6
ngdy diéu tra. Xac suit hot ciia Vuon trong mot ngdy c6 thé duoc tinh toan dya vao sb lidu
thu thap dugce tir cude diéu tra hodc tir s6 liéu thu thap qua theo doi mot s6 dan Vuon trong
thot gian dai.

Ngudi sir dung c6 thé bi nham 14n khi sir dung phidn mém. Phan mém nay duogc xay dung dua
trén gia thiét s6 liéu ddu vao duoc thu thap tir cac cude didu tra ma trong d6 cac diém nghe
duogc xac dinh mot cach ngau nhién chir khéng dwa vao cac yéu td chii quan nhu gan ngudn
nude hodc dé tiép can, v.v.v. Tuy nhién ngudi diéu tra Vuon thuong bo qua diéu ndy, tham
chi trong ca cac tai liéu cong bd trén cac tap chi. Mic du tai liéu nay khong hudng dén viéc
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gidi thiéu chi tiét vé viéc thiét ké mot cude diéu tra nhung chiing to6i khuyén khich nguoi diéu
tra str dung phuong phap thiét ké cac diém nghe mot cach ngiu nhién (Rawson et al (2009)
hodc O’Brien et al (2004). Ngoai ra, nguoi diéu tra c6 thé tham khao tai liéu trinh bay boi
Rawson (2010) dé thay duoc cac van dé co thé xay ra khi 4p dung phuong phép diéu tra qua
tiéng hot nham chuén bi tdt hon cho cudc diéu tra.

Tuong tu nhu vy, dung luong miu phai du 16n dé cac gia thiét thong ké duoc thoa mén. Cac
cudc diéu tra chi str dung vai diém nghe khong dai dién dé woc luong kich thude quan thé cho
mot khu vue rong 16n khong thich hop véi phan mém nay. Trong rat nhidu truong hop & Viét
Nam, dic biét 1a cang vé phia Béc c6 thé phai sir dung mé hinh ma trong d6 viéc phong van
duoc tién hanh trude khi diéu tra dé xac dinh cac diém c6 Vuon. Sau do cong tac diéu tra
thue dia méi duge tién hanh dé xac dinh su c6 mat hoac dém quﬁn thé Vuon con sot lai trong
khu vuc (e.g. Luu Tuong Bach & Rawson 2009; Le Trong Dat & Le Minh Phong 2010).
Phan mém nay khong phu hop véi s liéu thu thap tir nhitng cudc diéu tra nhu vay trir khi chi
ap dung cho khu vuc nho duoc diéu tra toan bo. Két qua uoc luong cho khu vuc nhé nay
khong nén duoc sir dung dé tinh toan kich thudc quan thé cho toan bo khu vuc quan tim (vi
du mét khu béo ton thién nhién) vi chung ta chon mau khong dai dién.

Mac du phﬁn mém nay cé thé khong hiru dung ddi véi s6 lidu thu thap tir mot s6 khu vuc &
Vi¢t Nam nhung né cling c6 thé duoc su dung tai nhiéu khu vuc khac. Phian mém nay da
duogc str dung trong mot s6 cudc diéu tra & Viét Nam va da cung cép mot sd ude lugng chinh
xac vé mat do va quﬁn thé Vuon. Phin mém di duoc st dung & Vuon quéc gia Pu Mat va két
qua cho thdy day 1a mot khu vuc quan trong ddi voi loai Vuron mé tring Nomascus
leucogenys (Luu Tuong Bach & Rawson 2011). Phan mém ciing duoc sir dung dé wéc luong
kich thudc quan thé cho loai Vuon ma hung phia Bic (loai méi dugc mé ta) Nomascus
annamensi tai Vuon qubc gia Kon Ka Kinh (Ha Thang Long et al. 2011). Ngoai ra phan mém
con duge stir dung dé ude luong kich thude quan thé cua loai Vuwon ma hung Nomascus
gabriellae tai khu bao ton thién nhién Ta Pung (Hoang Minh Duc et al. 2010) va dang duoc
sir dung tai Vuon qubc gia Bu Gia Méap (Hoang Minh Duc et al. In prep). Ngoai ra phan mém
nay ciing c6 thé ap dung duoc ¢ nhimg khu vire c6 thé con bao ton duogc quan thé Vuon kha
16n va duge xem 1a nhirng khu vuc phan bd quan trong, vi du: Vuon qubc gia Phong Nha —
K¢ Bang va to hgp Chu Yang Sinh — Bi Dup Nui Ba — Phudc Binh. Day 1a nhitng khu vuc
ma thong tin vé phan b va tinh trang ctia Vuon con kha so sai (Rawson et al. In prep).

Chung t6i cung cip ban hudng dan bang ca tiéng Anh va tiéng Viét nham nang cao tinh hiru
ich va kha ning tmg dung ctia phan mém & Viét Nam.
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Hwéng din sir dung phian mém tinh mat d9 va kich thuéc quan thé cho cic loai Vuon

Céc bang tinh va cong thuc toan st dung trong bang tinh dugc xay dung boi Ts. Vil
Tién Thinh (B6 mon Bdng vat hoang da, Pai hoc Lam nghiép) va Ts. Benjamin Miles
Rawson (Conservational International). Cac bang tinh nay s€ tu dong thuc hién viéc udc
luong mat do va kich thudce quan thé kém theo phuong sai va udc lugng khoang véi do tin
cdy 95%. Ngoai ra, cac bang tinh ndy con giup cho ngudi diéu tra Vuon co thé linh hoat trong
viéc thiét ké cac chuong trinh diéu tra thuc dia. Bang tinh c6 thé xir ly sb liéu tir cac cudc
diéu tra ma trong d6 sb ngay diéu tra tai cac diém nghe bién dong. Xac suit hot ciia Vuon
trong mot ngdy (xac sut phat hién dan Vuon trong mot ngay qua tiéng hét) duge tinh toan
theo 3 phuong phap khac nhau. Pé sir dung cac bang tinh nay, nguoi sir dung nén doc ky va
lam theo cac hudng dan dudi day. Néu cac ban c6 thic mic hodc phan hoi, hdy lién hé voi
Ts. Vi Tién Thinh: email: vutienthinh@hotmail.com, PT: 0912 114 373 hodc Ts. Ben

Rawson: email: b.rawson@conservation.org, PT: 0915 095 342.

I. CAc nguyén tic co ban khi sir dung bang tinh
1. Nhap s6 liéu vao cac 6 c6 mau hdng, khong dugc phép thay doi cac 6 khéc.

2. Khéng dwoc x6a bét cir gia tri/dinh dang/cong thic nao trong cac 6 khong c6 mau
hong.

3. S6 liéu vé dién tich phai dugc nhap theo don vi km?.

II. Mot vai van dé vé 1y thuyét wéc lwong kich thuéc quan thé trong diéu tra
Vuon

Khéng phai ngdy nao mét dan Vuon ciing hét. Chung ta khong thé diéu tra mot diém
nghe trong nhiéu ngay dé phat hién ra tat ca cac dan Vuon song & gan d6. Cac dan Vuon
khong hot trong dot diéu tra s& khong dugc phat hién. Do vay, dé udc luong duge kich thudce
quﬁn thé Vuon mot cach chinh xac, nguoi diéu tra phai chia s6 dan Vuon phat dugc voi hé )
hiéu chinh (P). Hé sb hiéu chinh phu thudc vao sd ngay diéu tra tai diém nghe. Néu s ngay
diéu tra tai diém nghe cang dai thi s6 lwong dan Vuon phat hién dugc cang nhiéu va do d6 hé
s6 hiéu chinh cang tang va gﬁn v6i 1. Ngoai ra, hé s6 hiéu chinh thay ddi theo loai, dia diém
va thoi tiét. Pé tinh duoc P, xac suit hot trong mot ngdy (pl) phai duge udc lugng trude.
Trong cac bang tinh ndy, xac sudt hot cia Vuon trong mot ngdy duogc tinh toan theo 3

phuong phéap khéc nhau, do6 la:
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1. Phuong phap dau tién st dung s6 liéu theo ddi cac dan Vuon trong mot thoi gian dai.
Cac dan Vuon duogc chon dé theo ddi 1a nhitng dan da dugc ghi nhan la c6 mat ¢ khu
vue nghién ctru. Tir s6 liéu theo ddi nay nguoi diéu tra c6 thé ude luong duoc xac suat
hét cia Vuon. Dé phan tich sb liéu theo phuong phép nay, hdy s dung bang tinh c6

tén “Gibbon_Pop Calcs LongtermObservation.xls”.

2. Phuong phép thtr 2 sir dung s6 lidu tir tit ca cac diém nghe duoc diéu tra tir 3 ngay tré
1én. Trong phwong phap nay, cac s liéu thu thap dugc sau ngay thir 3 s& khong duoc
sit dung. Pé phan tich sb liéu theo phuwong phap nay, hiy sir dung bang tinh c6 tén
“Gibbon_Pop Calcs 3days.xls”.

3. Phuong phap tht 2 sir dung s6 liéu tir tat ca cac diém nghe duoc diéu tra tir 2 ngdy tré
1én. Trong phuong phap ndy, cac sé liéu thu thap dugc sau ngay tht 2 s& khong duoc
sir dung. D& phan tich s6 liéu theo phuong phap nay, hiy sir dung bang tinh cé tén
“Gibbon_Pop Calcs 2days.xls”.

Chu y: Phuong phap thir 2 hodc thir 3 ¢6 thé duogc sir dung dé udc lugng pl tir s6 liéu thu
thap dugc trong phan 16n cac cudc didu tra Vuon. Tuy nhién, dé nang cao do chinh xic cua
wdc lugng, ngudi xir 1y s liéu nén chon phuong phap ma trong dé sé lwong dan Vuon dugc
phat hién 1a 16n nhét. Vi duy, trong mot cude diéu tra 20 diém nghe dugc su dung: 12 diém
nghe dugc diéu tra trong vong 3 ngay va 8 diém nghe duoc diéu tra trong vong 2 ngay. Tai
cac diém nghe duoc diéu tra trong 3 ngay c6 10 dan Vuon dugc phat hién, trong dé ¢é 5 dan
dwoc phat hién trong 2 ngay dau. Tai cac diém nghe duoc diéu tra trong vong 2 ngy, c6 tat
cd 4 dan Vuon dugc phat hién. Trong truong hop nay, chiing ta nén sir dung phuong phép 2
(str dung s liéu thu thap dugc & cac diém nghe duoc diéu tra 3 ngdy) bdi vi dung luong miu
1a 10. Néu chung ta chon phuong phap thtr 3, dung luong mau sé& 1a 9 (5 dan phat hién duogc
trong 2 ngay dau tai cac diém nghe dugc diéu tra trong vong 3 ngay va 4 dan dugc phat hién

tai cac diém nghe dugc diéu tra 2 trong vong ngay).

Tuy nhién, néu tai cac diém nghe dugc diéu tra 3 ngay c6 8 dan Vwon dwoc phat
hién trong vong 2 ngay dau, phuong phap thir 3 nén dugc sir dung boi vi dung lwong miu
trong trudng hop nay 1a 12 > 10. Chii y rang néu sir dung phuong phap thir 3 thi ching ta vin
c6 thé str dung s liéu tai cac diém nghe dugc diéu tra trong vong 3 ngdy, hodc dai hon dé
wdc luong pl mién 1a ching ta loai bo cac sé liéu thu thap duoc sau 2 ngay dau tién. Ngoai

ra, can luu ¥ rang ngudi xir 1y sb liéu khong duoc phép chon 2 ngay bat ky nao do6 trong 3
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ngdy diéu tra. Chung ta phai str dung s6 liéu tir 2 ngay dau tién dé dam béo tinh khach quan

va ngiu nhién. Tiéu chi dé Iya chon gitta phuong phép 2 va 3 1a nang cao dung lugng mau.

II1. S&r dung bang tinh

Phuong phap 1: Uédc lwgng xac suiat hét trong mdt ngay duwa vao sé liéu theo doi cic dan
Vuon trong mét thoi gian dai. Trong trwong hgp nay siv dung bang tinh cé tén
“Gibbon_Pop_Calcs_LongtermObservation.xls”.

Budc 1. Nhip s liéu vao worksheet “Calling probability” dé udc luong p1

- V&1 moéi dan Vuon, néu duogc phat hién & ngay tht 1, dién “1” vao 6 twong ung vdi so hi¢u
cua dan Vuon va ngay phat hi¢n. B¢ trong céac 6 khac.

- Nhap sb luong ngay ma dan Vuon duoc theo ddi vao cot “# of days surveyed”. Cac dan
Vuon khac nhau c6 thé c6 sé ngay theo ddi khac nhau.

Day

# of days
Group# 1 2 3 4 65 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 surveying Sum
1

1]

W00~ ® W W

Trong vi du trén, 5 dan Vuon dugc theo ddi. Pan thir nhit dugce phéat hién hét vao
ngay 1, 2, 5, 8, va 10. Pan s6 3 duge theo doi trong vong 8 ngay, dan thir 5 dugc theo doi
trong vong 9 ngay, cac dan con lai dugc theo doi trong vong 10 ngay.

Sau khi hoan thanh cac budc trén, pl s& dugc udc lugng va thé hién trong 6 C4 va
phuong sai trong 6 CS5.

Phuong phap 2. Uéc lwgng xac suit phat hién sir dung s6 liéu thu thap tir cac diém nghe
dwgc diéu tra 3 lin. Trong trwong hop nay sit dung bang tinh cé tén
“Gibbon_Pop_ Calcs_3days.xls”.
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Budc 1. Nhip s6 liéu vao worksheet “Calling probability” dé udc luong p1

- Chi duoc sir dung s6 liéu thu thdp dwoc tir cde diém nghe dwoc diéu tra trong vong it nhdt 3

ngay.

- Néu sé liéu cé mot dan Vuon duoc diéu tra nhiéu hon 3 ngdy, hiy loai bé sé liéu thu thdp

dwoc sau ngay thir 3.

- Trong phan udc luong pl, mdi dan Vuon chi duoc sir dung trong xir 1y s liéu mot 1an.
Trong mdt sb trudng hop nguoi diéu tra ngdi & 2 hay nhiu diém co thé cing nghe thiy tiéng
hét ciia Vuon & mot khu vuc nao d6 (cac diém nghe chong 14n 1én nhau). Néu truong hop nay

xay ra thi ta coi d6 1a mot dan va su dung so li€u tir dan d6 mot lan.

- — 1
--------------- @ =-Piém nghe

* =Dan Vwon hot

L _ -

Hinh 1 - Vi du minh hoa mét cudc diéu tra véi 3 diém nghe trong d6 c6 hién twong chdong lin giira cic
diém nghe. Puong chim (....) thé hién dién tich ma ¢ do6 tiéng hot ciia Vwon c6 thé dwoc ghi nhén ra tir
cac diém nghe (LP). Cac duong lién thé hién khoing cach tir diém nghe dén dan Vwon.

- Panh s6 thir tu cac dan Vuon phat hién dugc bf?mg ) nguyén (1, 2, 3....) vao cot “Group
#”, cach danh sé cac dan Vuon dugc huéng dan trong hinh 1. Luu ¥ rang trong vi du ¢ hinh
1, tong s6 1an phat hién dugc Vuon ¢ 3 diém nghe 1a 12 (néu mot ngay dan Vuon nao d6 hot
nhiéu hon 1 1an trong ngay thi ciing chi coi 1a mot l1an phat hién). Tuy nhién tong s6 dan
dwoe phat hién chi 1a 8 vi co mot sé dan duoc phat hién dong thoi tir 2 hodc 3 diém nghe.
Do vay trong cot “Group #” chuing ta chi c6 8 dan.

25



- V6i mdi dan Vuon, néu dan Vuon d6 duoc phat hién & ngay tht i, dién “1” vao 6 tuong
mg v6i s6 hiéu clia dan Vurgn va ngay phat hién, cac 6 khac dé tréng. Trong vi du dudi day,
15 dan Vuon duoc phat hién. Pan thtr nhat duoc phat hién trong ngay thi 1 va thir 2. Pan thir
3 chi dugc phat hién trong ngay thu 2, trong khi d6 dan thtr 15 dugc phat hién trong ca 3
ngay.

Sum 9 9 8 15

Calling probability (p1) =~ 0.5097
Var (p1) 0.0167

RN A U A U G O U WU W U O T Y

Sau khi hoan thanh cac budc trén, pl s& dugc udc lugng va thé hién trong 6 C4 va phuong sai
trong 0 CS.

Phuong phap 3. Uéc lwgng xac suit phat hién sir dung so liéu thu thap tir cac diém nghe
dwge diéu tra 2 lin. Trong truwong hop nay sit dung bang tinh cé tén
“Gibbon_Pop_Calcs 2days.xls”.

Budére 1. Nhap s6 liéu vao worksheet “Calling probability” dé udc lugng pl

- Chi duwoc sir dung sé liéu thu thdp dwoc tir cdc diém nghe dwoc diéu tra trong vong it nhdt 2

ngay.

- Néu s6é liéu cé mot dan Vuon duoc diéu tra nhiéu hon 2 ngay, hiy loai bé sé liéu thu thdp

dwoc sau ngay thir 2.

- Trong phé‘ln uée luong pl, mdi dan Vuon chi duge sir dung trong xur 1y s6 lidu mot 1an.
Trong mdt s6 truong hop ngudi diéu tra ngdi ¢ 2 hay nhiéu diém co thé cing nghe thiy tiéng
hét ciia Vuon & mot khu vue nao d6 (cac diém nghe chong 14n 1én nhau). Néu trudng hop nay

xay ra thi ta coi d6 1a mot dan va st dung so li€u tir dan dé6 mot lan.
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- Panh sb tht tu cac dan Vuon phat hién duoc bing sé nguyén (1, 2, 3....) vao cot “Group
#”, cach danh s6 cac dan Vuon duoc huéng dan trong hinh 1. Luu y rang trong vi du ¢ hinh
1, tong s6 1an phat hién dugc Vuon ¢ 3 diém nghe 13 12 (néu mot ngay dan Vuon nao d6 hot
nhiéu hon 1 1an trong ngdy thi ciing chi coi 1 mot 1an phat hién). Tuy nhién tong s6 dan
dwgc phat hién chi 12 8 vi c6 mot sé dan duoc phat hién dong thoi tir 2 hodc 3 diém nghe.
Do vay trong cot “Group #” ching ta chi c6 8 dan.

- Vi mdi dan Vuon, néu dan Vuon d6 duogc phat hi¢én ¢ ngay thu i, dién “1” vao 6 tuong
g voi s6 hiéu ctia dan Vuon va ngay phat hién, cac 6 khac dé tréng. Trong vi du duéi day,
15 dan Vuon duogc phat hién. Pan thi nhat dugc phat hién trong ngay thtr 1 va thi 2. Dan thir
3 chi dugc phat hién trong ngay thu 2, trong khi d6 dan thir 15 dugc phat hi¢én trong ca 3
ngay.

Sau khi hoan thanh cac budc trén, pl s€ dugc udc lugng va thé hién trong 6 C4 va

phuong sai trong 6 CS.

Buéc 2 t6i bude 6 ap dung chung cho ci 3 phwong phap va ciu tric cia cic worksheet

trong 3 sheet 13 gidng nhau.

Buwéc 2. Lan luot mé cac worksheet “5 days at post”, “4 days at post”, “3 days at post”, “2

days at post” va “1 day at post”, tiy thudc vao do dai ctia cudc diéu tra.

Céc worksheet nay dugc stir dung dé nhap s6 liéu thu duoc tir cac diém duoc diéu tra
trong vong 5 ngay, 4 ngay, 3 ngay, 2 ngay hoac 1 ngay. Str dung cac worksheet tuong tng
v6i cude diéu tra cia ban. Trong ban hudng din nay ching toi chi cung cip huéng dan chi
tiét va vi du cho trudng hop nhap s6 liéu thu thap duoc tir cac diém nghe dugc diéu tra 3 ngay
vao worksheet “3 days at post”.

- O cot “Post #”, danh sd thtr tu cac diém nghe bang sé nguyén (1, 2, 3....). Mdi mot diém
nghe phai c6 mot ID. Khong dugc danh sé ID nhiéu hon sb lugng diém nghe dugc diéu tra.

- O cot “Groups heard on Day1”, dién s6 luong dan phat hién duoc cho timg diém nghe
trong ngay dau tién (khong phai 1a sb 1an phat hién dugc Vugn qua tiéng hét ma 1a sé dan ma
ban c6 thé phan biét duoc). Trong mot sd truong hop, hién tuong cac diém nghe chong lan
1én nhau xdy ra va mot sé dan Vuon c6 thé dugc phat hién tir nhiéu hon 1 diém nghe. Voi
nhitng truong hop nay, tinh cic dan Vuon nay cho tat ca cac diém nghe ma ¢ d6 nguoi diéu
tra phat hién dugc tiéng hot cuia dan Vuon do (phﬁn nay khéac ¢ budce 1, & budc 1 mdt dan chi
duoc tinh mot 1an mac du ching c6 thé duoc phat hién tur nhiéu diém nghe). Xem thém vi du

O phan cuoi cua “Bwée 2” d€ hiéu rdo hon vé trudng hop nay néu can thiét.
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- Lap lai viéc nhap so li¢u cho cac cot khac, bao gom cot “groups heard on day 2” va

“groups heard on day 3”.

- O cot “Cumulative # of groups (ci)”, twong tng v6i mdi diém nghe nhdp sé luong dan
phat hién duoc tai diém nghe d6 (khong phai 1a sé 1an phat hién duge Vuon qua tiéng hot ma
1a s6 dan ma ban co thé phan biét duoc) trong tat ca cac ngay diéu tra tai diém nghe do. S6
lugng dan phat hién duogc tai mdi diém nghe dugc xéc dinh béng cach thé hién vi trj cac dan
Vuon 18n ban dd va loai bo cac s liéu thu thap duoc tir cung mot dan. SO luong dan phat
hién duoc tai mdi diém nghe trong tat ca cac ngay diéu tra ¢ thé nho hon hoic bang voi tong
s6 dan Vuon phat hién duoc trong timg ngay (vd: tir cot D, E va F trong worksheet “3 days at
post”) bai vi ngay hom sau co thé phat hién lai cac dan da duge ghi nhan ¢ nhimng ngay trudc
do.

Post # Groups Groups Groups Cumulative Averagged# Estimated Postarea Density per
Heard on Heard on Heard on  # of groups of groups  Groups (xi) (ai) (km2) km2 (di)
Day1 Day2 Day3 (i) heard in 1 day

53 45 51 89 49.67 107.14 155.54 0.69
2.00 3.61 0.5

1.67 482 0.68

I 3.00 6.02 0.85

2.00 3.61 0.51

1.67 482 0.68

3.00 6.02 085

2.00 3.61 0.5

1.67 482 0.68

3.00 6.02 0.85

2.00 3.61 0.5

1.67 482 0.68

3.00 6.02 0.85

2.00 3.61 0.51

1.67 482 0.68

3.00 6.02 0.85

3.00 6.02 0.85

2.00 3.61 0.5

1.67 482 0.68

3.00 6.02 0.85

2.00 3.61 0.5

1.67 482 0.68

3.00 6.02 0.85

Trong vi du trén, tai diém nghe 3 ngudi diéu tra phat hién dugc 4 dan Vuon ¢ ngay
tht nhat, 3 dan & ngay thtr 2, va 2 dan & ngay thir 3. Tuy nhién, mot s6 dan Vuon duoc phat
hién nhiéu lan trong cac ngay khac nhau, do vay sé lugng dan phat hién dugc trong ca 3 ngay
diéu tra chi la 5 dan.

Trong mét sb truong hop, hién tugng cac diém nghe chong 1an 1én nhau xay ra va mot
s6 dan Vuon c6 thé duoc phat hién tir nhiéu hon 1 diém nghe. Trong truong hop nay, tinh cac
dan Vuon nay cho tat ca cac diém nghe ma & d6 nguoi diéu tra phat hién duoc tiéng hot cua
dan Vuon d6. Hinh 1 mé6 phong mot vi du vé trudng hop cac diém nghe chong 14n 1én nhau.
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Trong vi du nay tong sé lugng dan phat hién trong ca 3 ngay diéu tra tai diém 1, 2 va 3 tuong
mg 13 3, 4 va 5 dan. Do vay ban phai nhdp 3, 4 va 5 tuong ung cho diém nghe 1, 2 va 3 trong
worksheet “3 days at post”. Luu ¥ rang tong sd 1an phat hién ra Vuon tir 3 diém nghe 1a 12,
tuy nhién s6 lwong dan thwe té ma ban ghi nhén chi la 8.

Buée 3. Xac dinh dién tich khu vuc diéu tra tai mdi diém nghe. Téng dién tich diéu tra cua
tat ca cac diém nghe co thé 16n hon dién tich thuc té do hién tuong cac diém quan sat chong
lan.

- Tiép tuc sir dung worksheet di dung trong budc thir 2. Nhap dién tich diéu tra tai mdi diém
nghe vao cdt “Post area”. Pon vi dién tich 1a km?. Dién tich dugc diéu tra tai mdi diém nghe

(a) duogc xac dinh theo cong thuc sau:

a=mnR’?

trong do: n=23.14
R: khoang cach nghe 16n nhat.

Thoéng thudng, trong diéu tra Vuon khoang cach nghe 16n nhat thuong dugc st dung
la 1.5km, do vay a=7.07 km?. Tuy nhién, khodng cach nghe 16n nhét phu thudc vao dia hinh
va loai Vuon duoc diéu tra. Do do, khoang cach nghe 16n nhét nén duogc ude lugng cu thé
cho ting cudc diéu tra tir cac s6 liéu thu thap ngoai thuc dia (vi du Vinh et al. 2011). Hay st
dung Bang 1 dé xac dinh dién tich diéu tra cho timg diém nghe theo khoang cic nghe 16n
nhat.
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Bing 1. Xac dinh dién tich diéu tra cho tirng diém nghe theo khoang cic nghe 16n nhit

R (km) Area (kmz)
1.0 3.14
1.1 3.80
1.2 4.52
1.3 5.31
1.4 6.16
1.5 7.07
1.6 8.04
1.7 9.08
1.8 10.18
1.9 11.34
2.0 12.57
2.1 13.85
2.2 15.21
23 16.62
2.4 18.10
2.5 19.63
2.6 21.24
2.7 22.90
2.8 24.63
2.9 26.42
3.0 28.27

Trong mot sd truong hop dién tich diéu tra thuc té c¢6 thé nho hon két qua tinh & bang
1. Truong hop nay xay ra khi (a) mot phan dién tich xung quanh diém nghe khong phai 1a
sinh canh wa thich cua Vuon (vd: dit néng nghiép, lang ban), do d6 dién tich nay phai duoc
loai bo khi x4c dinh mat 46 Vuon; (b) tiéng hot ctia Vugn ¢ mét s6 khu vuc xung quanh diém
nghe c6 thé khong duoc rd do dia hinh dbc, nai cao. Néu cac truong hop nay xay ra, ching ta
phai giam bot dién tich diéu tra xung quanh diém nghe truéc khi nhap sé liéu vao bang tinh.

Dién tich nay s& nho hon dién tich tinh theo cong thirc a = m.R”.

Buéc 4. Hoan tit viéc nhap sé liéu cho cac cic diém nghe dwoc diéu tra trong vong 5

ngay, 3 ngay, 2 ngay va 1 ngay tiy thudc vao tirng cudc diéu tra.

- Néu trong cudc diéu tra, ngoai cac diém nghe duoc diéu tra 3 ngay con co cac diém nghe
dugc diéu tra trong vong 5 ngdy, 4 ngay, 2 ngay va 1 ngay, nhap s liéu vao cac worksheet
tuong tng co tén “S days at post”, “4 days at post”, “2 days at post” va “1 days at post”.
Tuy nhién, s6 luong ngay diéu tra & cac diém nghe khac nhau cang gidng nhau cang tot. Luu

y rang so liéu tir mdi diém nghe chi dwgc nhip vao mdt trong nhirng worksheet bén trén
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— vi du sO li¢u tr cac diém nghe dugc di€u tra trong vong 3 ngay chi dugc nhdp vao

worksheet c6 tén ‘3 days at post’ worksheet.

Buéc 5. Chon “Summary output” worksheet

- Nhép sé dan Vuon phét hién dugc ngoai hién truong vao 6 C2 (Luu y: sd dan Vuwon ma
ngudi diéu tra phat hién dugc chir khong phai sb 1an nghe thay ra tiéng hot). Cac ban c6 thé
xem vi du minh hoa trong hinh 1 dé xéac dinh con sd nay. Trong vi du & hinh 1, s6 dan Vuon
phat hién dugc 1a 8.

- Nhap tong dién tich didu tra trong toan cudc diéu tra vao 6 C21 véi don vi 1a km?. Néu
khong c6 hién tuong chdng 1an giita cac diém nghe xay ra thi gia tri ndy s& bang véi gia tri
duoc tinh toan tw dong trong 6 15. Néu c6 hién tuwong chdng lan giita cac diém nghe thi gia tri
nay s& nho hon gia tri trong 6 15. Dién tich nay co thé dugc tinh bang cach sir dung cong cu
GIS hodc ban db gidy. V& cac vong tron ¢6 tam la diém nghe va ban kinh bang véi khoang
cach nghe xa nhat 1én ban d6 sau d6 loai bo cac khu vyc khong phai 1a sinh canh ctua Vuon.
Tong dién tich diéu tra 1a phan sinh canh phul hop véi Vuon trong cac 6 vong tron. Trong
truong hop c6 hién tuong chong 1an, ngudi xir 1y sb liéu phai xac dinh tong dién tich diéu tra
trong d6 dién tich chong 1an khong dugc tinh nhiéu hon mot lan.

- Nhép tong dién tich sinh canh thich hop cho Vuon trong khu vuc quan tim (vd: Vuon quéc
gia, khu bao ton thién nhién, 1am trudng.v.v.) vao 6 C27. Py la dién tich sinh canh thich hop
cho Vuon hodc nhitng noi ban nghi van con Vuon. Dién tich nay c6 thé 16n hon dién tich
duogc diéu tra (6 C21) béi vi né bao gdm ca nhitng ving khong duoc diéu tra trong khu vuc

quan tam.

- Nhap kich thudc dan vao 6 C33. Thong thuong kich thudce dan thuong duoc sir dung 1a 3,5
cé thé. Tuy nhién udc luong kich thude dan khac cé thé duge sir dung néu sb lidu vé kich

thude dan c6 thé thu thap dugc trong cudc diéu tra.

Buéc 6. Poc két qua trong worksheet “Summary output”

Worksheet ndy cung cip cac udc luong vé mat do dan, sb lugng dan trong khu vuc duge didu
tra va trong toan bd khu vyc quan tim. Thong thuong cac ude lugng sau dy c6 thé dugce sir

dung trong bao céo:
- Mat do dan (D) ¢ 6 C14 va uéce lugng khoang (95%) trong 6 C18 va C19.

- S6 luong dan (Tr) trong khu vuc dugc diéu tra trong 6 C20 va udc lugng khoang (95%)
trong 6 C24 va C25.

-S4 lugng dan (Ng) trong ca khu vuc quan tdm trong 6 C26 va ude lugng khoang (95%)
trong 6 C30 va C31.
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- Tong sb ca thé Vuon (N)) trong khu vuc quan tim (6 C32) c6 thé duoc d& cap trong bao
céo. Cac ude lugng khoang (95%) dugc thé hién trong 6 C36 and C37.

Ngoai ra, s6 lwong dan phat hién dugc trong dot diéu tra, xac suat hot trong mot ngay (pl) va

hé s6 hi€u chinh ciing c6 thé dugc dé cap trong bao cdo.
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Cong thirc sir dung trong bang tinh

1. Uéc lwgng xac suit hét trong mdt ngay:

Phuong phap 1: Uéc lwgng xic suit hét trong mot ngay dua vao so liéu theo doi cac dan
Vugn trong mot thoi gian dai.

p1 = Iih;
Tid;
pl{l —pl)
Vari{pll}= T
pl: Xac suat hot
n: S6 dan Vuon dugce theo doi
h;: S6 ngay ma dan Vuon tht i duoc phat hién c6 hot
di: S6 ngay ma dan Vuon tht i dugc theo ddi

Var(pl): Phuong sai cua pl

Phuong phap 2: Uédc lrgng xac suét phat hién sir dung s6 liéu thu thap tir cac diém
nghe dwgc diéu tra 3 1an. Cong thic nay dugc xdy dung dua trén ¥ tudng trinh bay trong
Jiang et al. (2006)

1= =

P 2

1{(1 —p1)
Var(pl)= ~— 2
N

pl:  Xéc suat hot
n: Sb luwong dan trung binh phat hién dugc trong mot ngay tai tit ca cac diém
nghe
N: S6 lwong dan phat hién trong ca 3 ngay tai tat ca cac diém nghe

Var(pl): Phuong sai cua pl
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Phuong phap 3: Uéc lwgng xac suat phat hién sir dung so liéu thu thap tir cic diém
nghe dwogc diéu tra 2 lan.

N
pl=2 — —
n
1{(1 —p1)
Var(pl)}= u
N
pl:  Xéc suit hot
n: S6 luwong dan trung binh phat hién dugc trong mot ngay tai tit ca cac diém
nghe
N: S6 lugng dan phat hién trong ca 2 ngdy tai tt ca cac diém nghe

Var(pl): Phuong sai cua pl

2. Uéc lwgng h¢ s6 hi¢u chinh cho tirng 16p s6 li¢u (tirng worksheet)

P-1-(1_pl¥

P 2
Var® = {1 -d - p1D¥]} .VarpD

VarP) = k%1 - pD*® Y Var(p1)

Cong thirc tinh phuong sai ctia P - Var(P) dugc phat trién bang phuong phap Delta
pl:  Xéc sut hot trong mot ngay
P: Hé sb hiéu chinh
k: S6 ngay diéu tra

Var(pl): Phuong sai cua pl
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Var(P): Phuong sai cua P

3. U6 lwong sb6 dan trung binh dwgc phat hién tai mot diém nghe (Chua ap dung hé sb
hi¢u chinh)

Ei n;
m = —
Yy

Phuong sai ctia m-Var(m) dugc tinh bang cong thire ¢ sin trong Excel.

m:  S6 dan trung binh duoc phat hién tai mot diém nghe khi chua ap dung hé s hiéu

chinh
n;: Sb dan phat hién tai diém nghe j trong ca dot diéu tra.
y: S6 lugng diém nghe

4. Uéc lwong so6 dan trung binh dwgc phat hién tai mot diém sau khi di ap dung hé so
hiéu chinh

Varim}) m?

Var(M) = p2 +P4 VarP)

Cong thirc tinh phuong sai ciia M - Var(M) duoc phat trién bang phuong phap Delta

m: S6 dan trung binh dugc phat hién tai mot diém nghe khi chua ap dung hé s hiéu
chinh

P: Hé sb hiéu chinh

M: Sb dan trung binh dugc phat hién tai mot diém nghe khi da ap dung hé s6 hiéu
chinh

Var(m): Phuong sai cia m

Var(M): Phuong sai cia M
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5. Udc lwong tong s6 dan cho tirng 16p sb liéu (tirng worksheet) (Gia tri ndy co thé 16n

hon s dan thuc t€ boi vi mot s6 dieém nghe c6 thé chong lan 1én nhau do vdy mdt s6 dan

dugc ghi nhan tir nhiéu hon mot diém nghe).

y:

M:

chinh
T:

T=My

Var(T) = M.y*

S6 lugng diém nghe trong worksheet

S6 dan trung binh dugc phat hién tai mét diém nghe khi da ap dung hé s6 hiéu

Téng s6 dan duoc ude luong tir worksheet

Var(T): Phuong sai cia T

Sau khi T dugc wéc lugng cho timg 16p s6 liéu (timg worksheet), cac udc lugng tir
cac worksheet dugc cong ddn dé tinh toan cac tham sb cho toan cudc diéu tra trong
worksheet “Summary output”.

6. Udc lrgng mat do dan cho toan bd cudc diéu tra

Ti:
Ai:

D- 5T

TIA;
. XIVar(T]p
Var(D) = ———

(S3A;)°

Mat d6 dan (dan/km?)
S6 ngay diéu tra, i chay tir 1 dén 5
Tong sb dan tir 16p s6 lidu i (Xem cong thirc cudi trong phan 5)

Téng dién tich diéu tra & 16p 6 lidu i (km?)
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Var(D): Phuong sai cua D
Var(Ti): Phuong sai cuia Ti
7. Uéc lwong tong sé dan trong dién tich diéu tra

Ty = D. A

Var(Tp) = A 2. Var®D)
Tr:  Tong sb dan trong dién tich diéu tra
Ag:  Dién tich diéu tra trong d6 ving chong l4n chi duoc tinh 1 1an
D: Mat d6 dan

Var(Tr): Phuong sai cua Tt

8. Uéc lwong tong so dan trong khu vwre quan tim: Vuon Qudc gia, Khu bio ton thién
nhién, v.v.v

Nc=D.A4

Var(Ng) = Ag”.VarD)

Ng:  Téng sb dan trong khu vuc quan tAm

Ay:  Dig¢n tich sinh canh ctia Vuon trong khu vuc quan tam
D: Mat 3o dan

Var(Ng): Phuong sai cua Ng

9. Uéc lwong tong so ca thé trong khu vue quan tim

NT = S.NG
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VarNp = s. Var(Ng)

Ng:  Téng sb dan trong khu vuc quan tAm
Ni: Téng s6 ca thé trong khu vuc quan tim
s: Kich thudc dan

Var(Nj): Phuong sai cua N
10. Mot s6 cong thire thong ké khac:

SE(X) = /Var(X)
95%Cl: TB+1.96SE

Var: Phuong sai

SE: Sai tiéu chuan
TB: Gia tri trung binh
X: Mot tham s6 bat ky
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