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Summary
Sika deer density and abundance estimates for several forests in the Borders of Scotland in 2002 are presented, based on line transect dung surveys within the region.  The survey area was divided into thirteen geographic blocks.  Line transect methods were employed to estimate dung density in each of four habitat groups:  Open Ground, Establishment/pre-thicket, Thicket, and Pre-fell. The number of pellet groups deposited per day per km2 was estimated by dividing these densities by the estimates of dung decay rates. These estimated densities were divided by the defecation rate, to give the deer density estimate for each block.  Abundance estimates were then obtained by multiplying the density by block area. 

Total abundance for the set of forests surveyed in 2002 is estimated as 626, compared with 429 deer for the same subset of forests in 1998. Thus we estimate that abundance has increased by 46% in 4 years, an annual rate of increase of nearly 10%.  This suggests that the cull for these sites would need to be increased by around 60 each year to prevent further increase.

A preliminary analysis of tree damage indicates no correlation between deer density and proportion of trees damaged.  Possible further analyses are reviewed, and the problems of using tree damage for managing deer populations are discussed.

1  Introduction
Thirteen forest blocks in the Borders were surveyed using line transect methods.  Lines were placed parallel to magnetic North in each block, having chosen a random starting point. In most sites, each 50m transect was separated by 400m and the parallel lines were placed 400m apart. In two sites (Craig Douglas and Cardrona), each 50m transect was separated by 600m.

Line transect methods were used to estimate sika deer pellet group abundance within each site.  Defecation rates were provided by the Forestry Authority.  Decay rates were provided separately for each habitat type by Marques et al. (2001).  These allow deer density and abundance to be estimated from the density of pellet groups.

2  Methods

2.1  Line Transect Sampling
In line transect sampling, an observer traverses lines of total length L and records the perpendicular distance from the line of each detected object.  The density of these objects is estimated as (Buckland et al., 2001):
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 is the estimated probability density function of the perpendicular distances evaluated at distance zero from the line, where detection is assumed to be certain.  Alternatively, it can be thought of as 
[image: image3.wmf]m

ˆ

/

1

 where 
[image: image4.wmf]m

ˆ

 is the estimated strip half-width, i.e. the estimated distance for which the number of undetected objects within distance 
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 of the line is equal to the number detected beyond 
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Using equation [1], the density estimate can be obtained from the estimated strip half-width and the encounter rate (n/L). 

2.2  Assigning Observations to Habitat Type
Predominant habitat type was recorded by 10m section of line.  All pellet groups detected within the 10m section were assigned to the recorded habitat type.  Because habitat may change within the 10m section, slight bias may occur in the density estimate within a habitat category, but this does not carry through to bias in the density estimates after pooling across habitat types.

2.3  Modelling the Detection Function
The perpendicular distances were pooled across all sites for modelling the detection function. Habitat group was used as a factor covariate.   An estimate of f(0) was obtained separately for each of these sites using the program Distance (Thomas et al., 2004).  The half-normal, uniform and hazard-rate models were considered with either cosine or Hermite polynomial adjustment terms.  Habitat was included in the model as a factor covariate. 

2.4  Encounter Rate
Encounter rate was estimated separately for each site in order to secure unbiased density estimates by site. An empirical estimate of the variance of sample size was taken.  Encounter rate is defined as the number of pellet groups detected per metre surveyed. 

2.5  Tree Damage
An exploratory analysis of the tree damage data was conducted.  Percentages of trees damaged by plot were calculated for each forest block, and plotted against the corresponding deer density estimates.

3  Results
The perpendicular distance data stratified by habitat group did not reveal any problems with the data (p>0.15 for all goodness-of-fit tests).  Estimates of f(0) are given in Table 1.
Table 1: Estimates of f(0) (metres-1) for  each forest block, with estimated standard error and % coefficient of variation. 

	Site
	f(0)
	se (f(0))
	%CV (f(0))

	1 Altarstone
	0.6072
	0.0405
	6.7

	2 Blakehope Head
	0.6654
	0.0434
	6.5

	3 Cardrona
	0.6296
	0.0212
	3.4

	4 Craig Douglas
	0.7131
	0.0392
	5.5

	5 Dawyck
	0.6855
	0.0137
	2.0

	6 Dollar
	0.6364
	0.0329
	5.2

	7 Glenhighton
	0.6940
	0.0366
	5.3

	8 Hopekist Rig
	0.7307
	0.0233
	3.2

	9 Kilbuckho
	0.7055
	0.0651
	9.2

	10 Ladyard & Castlecraig
	0.6891
	0.0265
	3.8

	11 Quarter Wood
	0.6687
	0.0109
	16.4

	12 Stobo Estate
	0.7012
	0.0279
	4.0

	13 Stobo Forest
	0.5656
	0.0363
	6.4


Table 2: Estimate of f(0) (metres-1) for all sites, with % coefficient of variation. 

	All Sites
	f(0)
	%CV (f(0))

	
	0.6850
	1.2


Table 3: Encounter rate (n/L, L in metres) for the sites, with the % coefficient of variation.

	Site
	n
	L (m)
	Encounter rate, n/L
	% CV(n/L)

	1 Altarstone
	42
	300
	0.140
	34

	2 Blakehope Head
	59
	350
	0.168
	27

	3 Cardrona
	192
	900
	0.213
	28

	4 Craig Douglas
	100
	950
	0.105
	20

	5 Dawyck
	703
	3200
	0.219
	30

	6 Dollar
	87
	650
	0.133
	30

	7 Glenhighton
	104
	800
	0.130
	29

	8 Hopekist Rig
	311
	800
	0.388
	20

	9 Kilbuckho
	35
	300
	0.116
	68

	10 Ladyard &

     Castlecraig
	194
	2250
	0.086
	25

	11 Quarter Wood
	10
	100
	0.100
	20

	12 Stobo Estate
	185
	2550
	0.072
	39

	13 Stobo Forest
	29
	250
	0.116
	43


Defecation rates were provided by the Forestry Authority and taken as 25  pellet groups per Sika deer per day, with zero coefficient of variation.  Decay rates were provided separately for each habitat type by Marques et al. (2001).  These are reproduced in Table 4.

Table 4: Estimates of dung decay rates (in days) and their standard error (SE) for habitat groups by month.

	Habitat group
	February
	March
	April
	May
	SE

	Open ground (OG)
	137
	151
	163
	174
	13

	Prethicket & thicket

(PT+T+EP))
	155
	161
	169
	177
	14

	Pole stage & pole stage

thinned (PF)
	324
	314
	300
	287
	28


Since all counts were made in May or at the end of April, we just take the estimates for May. Also, we have some unknown habitat, and we can estimate the decay rate for this from a weighted average of the other habitat types (Table 5).

Table 5: Estimates of mean time for dung to decay (in days) and their standard error (SE) for habitat groups. 

	Habitat group
	May
	SE
	% CV

	OG
	174
	13
	7.5

	PT + T + EP
	177
	14
	7.9

	PF
	287
	28
	9.8

	UN
	179
	15
	8.6


Table 6: Numbers of pellet groups detected (n) for each site in 2002, together with the corresponding estimated sika deer densities (numbers per km2, 
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), 95% confidence intervals and % coefficient of variation. 

	Site
	n
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	95 % CI
	% CV (
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	1 Altarstone
	42
	9.5
	(3.9, 23.0)
	36

	2 Blakehope Head
	59
	12.5
	(6.3, 24.7)
	29

	3 Cardrona
	192
	15.0
	(8.2, 27.4)
	29

	4 Craig Douglas
	100
	8.3
	(5.3, 13.2)
	22

	5 Dawyck
	703
	16.8
	(9.1, 31.0)
	31

	6 Dollar
	87
	9.5
	(4.8, 18.7)
	32

	7 Glenhighton
	104
	10.0
	(5.3, 19.2)
	31

	8 Hopekist Rig
	311
	31.7
	(19.9, 50.4)
	22

	9 Kilbuckho
	35
	9.2
	(1.8, 45.2)
	69

	10 Ladyard &

     Castlecraig
	194
	6.6
	(3.9, 11.3)
	27

	11 Quarter Wood
	10
	7.4
	(2.9, 18.6)
	27

	12 Stobo Estate
	185
	5.6
	(2.6, 12.3)
	40

	13 Stobo Forest
	29
	7.3
	(2.3, 23.0)
	44


Table 7: Estimates of sika deer abundance (
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) for each site in 2002, with 95% confidence intervals and % coefficient of variation. 

	Site
	Area (km2)
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	95%  CI
	% CV (
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	1 Altarstone
	1.31
	12
	(5,30)
	36

	2 Blakehope Head
	0.98
	12
	(6, 24)
	29

	3 Cardrona
	6.67
	100
	(55, 183)
	29

	4 Craig Douglas
	8.25
	69
	(44, 109)
	22

	5 Dawyck
	11.18
	188
	(102, 348)
	31

	6 Dollar
	1.93
	18
	(9, 36)
	32

	7 Glenhighton
	2.51
	25
	(13, 48)
	31

	8 Hopekist Rig
	2.37
	75
	(47, 120)
	22

	9 Kilbuckho
	1.43
	13
	(3, 65)
	69

	10 Ladyard &

     Castlecraig
	7.86
	52
	(31, 89)
	27

	11 Quarter Wood
	0.28
	2
	(1, 5)
	27

	12 Stobo Estate
	8.57
	49
	(22, 106)
	40

	13 Stobo Forest
	1.24
	9
	(3, 29)
	44

	Total
	54.58
	626
	(489, 919)
	19


No information was available to us on the design of the tree damage survey, or on the definitions of the variables recorded.  We assume that ‘F’ refers to fresh tree damage, ‘R’ to recent, and ‘O’ to old, but we do not know what age ranges each code corresponds to.  We do not know what the damage type or damage level codes mean.  This limits the value of any analysis that can be conducted.

In Table 8, we show the number of plots by forest, the number of trees in these plots, the number of damaged trees, and the proportion of damaged trees.  In Table 9, we show the percentage of damaged trees in each forest that have fresh, recent or old damage.

Table 8: Number of sample plots, number of trees surveyed, and number damaged by forest.

	Site Name
	Number of plots
	Total number of trees
	Number  damaged
	Proportion damaged

	Altarstone
	5
	152
	76
	0.500

	Blakehope Head
	6
	147
	28
	0.190

	Cardrona
	16
	360
	54
	0.150

	Craig Douglas
	22
	424
	80
	0.188

	Dawyck
	44
	1082
	265
	0.244

	Dollar
	11
	234
	18
	0.076

	Glenhighton
	15
	314
	84
	0.267

	Hopekist Rig
	14
	395
	140
	0.354

	Kilbuckho
	6
	95
	40
	0.421

	Ladyard & Castlecraig
	44
	569
	139
	0.244

	Quarter Wood
	2
	64
	13
	0.203

	Stobo (= Stobo + Stobo Castle + Stobo Estate)
	17
	413
	92
	0.222

	Stobo Forest
	7
	71
	21
	0.295


Table 9: Percentages of trees damaged by forest that have fresh, recent or old damage.

	Site
	Total number of trees
	Total number damaged
	Proportion damaged
	Age of Damage

	Altarstone
	152
	76
	0.5
	O
	80%

	
	
	
	
	R
	14%

	
	
	
	
	R&O
	1%

	Blakehope Head
	137
	28
	0.2
	F
	11%

	
	
	
	
	O
	29%

	
	
	
	
	R
	59%

	Cardrona
	360
	54
	0.15
	F
	30%

	
	
	
	
	O
	28%

	
	
	
	
	R
	42%

	Craig Douglas
	424
	80
	0.18
	F
	8%

	
	
	
	
	O
	76%

	
	
	
	
	R
	16%

	Dawyck
	1082
	265
	0.24
	F
	16%

	
	
	
	
	O
	75%

	
	
	
	
	O/F
	1%

	
	
	
	
	R
	9%

	Dollar
	208
	18
	0.08
	F
	9%

	
	
	
	
	O
	73%

	
	
	
	
	R
	18%

	Glenhighton
	314
	84
	0.26
	F
	4%

	
	
	
	
	O
	51%

	
	
	
	
	R
	44%

	Hopekist Rig
	395
	140
	0.35
	F
	14%

	
	
	
	
	O
	69%

	
	
	
	
	R
	17%

	Kilbuckho
	95
	40
	0.42
	F
	24%

	
	
	
	
	O
	10%

	
	
	
	
	R
	66%

	Ladyard &Castlecraig
	569
	139
	0.24
	F
	6%

	
	
	
	
	O
	56%

	
	
	
	
	R
	38%

	Quarter Wood
	64
	13
	0.2
	O
	100%

	Stobo
	413
	92
	0.22
	F
	15%

	
	
	
	
	O
	72%

	
	
	
	
	R
	13%

	Stobo Forest
	71
	21
	0.295
	O
	100%


In figure 1, we plot proportion of trees damaged (‘damage rate’) against estimated density of deer in each forest.  The sample correlation coefficient is 0.15, which does not differ significantly from zero.
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Fig. 1.  Proportion of trees damaged plotted against estimated deer density.  The slope of the regression line does not differ significantly from zero (p=0.61).

4  Discussion
Total abundance for the set of forests surveyed in 2002 is estimated to be 626, compared with 429 deer in the same subset of forests in 1998. Thus we estimate that abundance has increased by 46% in 4 years, an annual rate of increase of nearly 10%.  This suggests that the cull for these sites would need to be increased by around 60 each year to prevent further increase.

Density and abundance estimates for the same subset of forests in 1998 are shown in Tables 10 and 11.  (Note that areas differ slightly in Tables 7 and 11.  This is due in part to apparent changes in boundaries of sites;  given these differences, we re-estimated the area of every site.  Estimates of abundance by site should be interpreted with caution if the site area is appreciably different between the two surveys.)  Hopekist Rig continues to have a very high density, and forests that formerly had relatively low densities now have densities close to the average.  Dawyck is estimated to have substantially higher abundance in 2002 than in 1998.

Table 10: Numbers of pellet groups detected (n) for each site in 1998, together with the corresponding estimated sika deer densities (numbers per km2, 
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), 95% confidence intervals and % coefficient of variation. 

	Site
	n
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	95 % CI
	% CV (
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	1 Altarstone: forest

                 forest edge

                 open ground
	28

3

0
	2.2

0.5

0.0
	(1.4, 3.6)

(0.2, 1.4)

       -
	39

101

0

	2 Blakehope Head
	6
	1.7
	(0.8, 3.6)
	62

	3 Cardrona
	18
	1.6
	(0.7, 4.0)
	79

	4 Craig Douglas
	75
	4.9
	(3.7, 6.5)
	21

	5 Dawyck: forest

                 forest edge

                 open ground
	374

145

9
	16.1

17.5

3.2
	(10.6, 24.6)

(11.5, 26.9)

(1.2,8.7)
	34

34

90

	6 Dollar
	32
	3.0
	(1.4, 6.4)
	63

	7 Glenhighton
	71
	5.4
	(4.3, 6.7)
	18

	8 Hopekist Rig
	255
	28.6
	(21.7, 37.8)
	22

	9 Kilbuckho
	4
	0.9
	(0.3, 2.3)
	90

	10a Ladyard: forest

                 forest edge

                 open ground

10b Castlecraig: forest

                 forest edge

                 open ground
	155

25

4

58

31

4
	12.8

6.0

5.0

7.4

15.0

10.0
	(9.3, 17.6)

(2.8, 13.8)

(1.7, 14.8)

(3.8, 14.3)

(8.0, 28.0)

(5.2, 19.1)
	25

65

102

54

51

53

	11 Quarter Wood
	8
	6.3
	(3.9, 10.0)
	38

	12 Stobo Estate: forest

                 forest edge

                 open ground
	154

28

1
	19.1

4.1

0.8
	(11.2, 32.4)

(2.1, 7.9)

(0.3, 2.3)
	43

54

102

	13 Stobo Forest: forest

                 forest edge

                 open ground
	113

42

2
	16.9

10.2

2.5
	(12.4, 22.9)

(6.2, 16.6)

(0.8, 7.4)
	24

39

102


Table 11: Estimates of sika deer abundance (
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) for each site in 1998, with 95% confidence intervals and % coefficient of variation. 

	Site
	Area (km2)
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	95%  CI
	% CV (
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	1 Altarstone
	2.87
	3
	(2,5)
	38

	2 Blakehope Head
	1.30
	2
	(1, 5)
	62

	3 Cardrona
	7.28
	12
	(5, 29)
	79

	4 Craig Douglas
	9.61
	47
	(36, 62)
	21

	5 Dawyck
	12.28
	112
	(79, 159)
	28

	6 Dollar
	1.86
	6
	(3, 12)
	63

	7 Glenhighton
	4.04
	22
	(17, 27)
	18

	8 Hopekist Rig
	2.43
	70
	(46, 107)
	22

	9 Kilbuckho
	2.05
	2
	(1, 5)
	90

	10a Ladyard

10b Castlecraig
	6.09

3.75
	54

33
	(36, 80)

(21,51)
	31

35

	11 Quarter Wood
	0.18
	1
	(1, 2)
	38

	12 Stobo Estate
	5.33
	36
	(23, 58)
	38

	13 Stobo Forest
	3.27
	29
	(21, 39)
	24

	Total
	62.34
	429
	
	


Figure 1 shows that any relationship between deer density and proportion of trees damaged is extremely weak.  The damage data could be modelled in more sophisticated ways, for example by adding factor covariates for tree species and damage type, and a numerical covariate for damage level.  However, in the absence of information on the survey design and variable definitions, and given the apparent lack of a relationship between tree damage rates and densities, we do not pursue this.

There are many reasons why tree damage can be a poor indicator of deer densities.  Firstly, the deer are mobile.  Dung surveys estimate average deer density over the few months leading up to the dung surveys – winter and spring in the case of these surveys.  Tree damage may span a wider time interval, especially when old damage is included in the analysis.  Even if such problems are resolved, the relationship between deer density and tree damage can be very complex.  In severe weather conditions, substantial damage may occur over a short period, even if few deer are present.  By contrast, a neighbouring site may have high deer densities but incur little tree damage, if conditions are different.  Further, if a group of deer start to damage trees for whatever reason, they may continue to do so over an extended period, leading to a high proportion of trees damaged, even if few deer are present.  This is an example of non-independence;  once one tree on a plot becomes damaged, others on the same plot are much more likely to be damaged.  Another factor is tree age;  trees are more likely to be damaged at certain ages.  Thus any analysis that ignores this fails to model a significant component of variation.  Even if a good predictive model relating tree damage to deer density could be developed, at best, tree damage surveys would only tell us whether deer numbers were going up or down;  they cannot tell us how many deer should be culled to reduce damage to an acceptable level.  Thus trial and error in adjusting the cull level must be used – and, in the absence of hard numbers, many landowners will tend to underestimate the cull level required to reduce deer populations.  It will be many years before this will be apparent from tree damage surveys.
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