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Table 6. Syrjala’s (1996) test statistic (and associated P-value) comparing the spatial distribution of male and female red deer (Cervus 
elaphus) groups in four seasons for different-sized quadrats in the Harper-Avoca catchment (1962–66). Significant test statistics and 
P-values (i.e. <0.05) are highlighted in bold.
__________________________________________________________________________________________________________________________________________________________________

	 Quadrat area (ha)	 Spring	 Summer	 Rut	 Winter
__________________________________________________________________________________________________________________________________________________________________

	 25	 2.58 (0.007)	 3.40 (0.002)	 0.67 (0.217)	 5.86 (0.073)
	 50	 1.44 (0.008)	 1.86 (0.001)	 0.44 (0.264)	 3.59 (0.100)
	 100	 0.80 (0.046)	 0.87 (0.007)	 0.14 (0.529)	 1.35 (0.172)
	 500	 0.14 (0.117)	 0.21 (0.080)	 0.04 (0.553)	 0.37 (0.345)
	 1000	 0.18 (0.131)	 0.23 (0.069) 	 <0.01 (0.969)	 0.33 (0.026)
__________________________________________________________________________________________________________________________________________________________________

Table 7. Syrjala’s (1996) test statistic (and associated P-value) comparing the spatial distribution of male and female red deer (Cervus 
elaphus) groups in each of the four study years for different-sized quadrats in the Harper-Avoca catchment (1962–66). Significant test 
statistics and P-values (i.e. <0.05) are highlighted in bold.
__________________________________________________________________________________________________________________________________________________________________

	 Quadrat area	 Spring 1962 – 	 Spring 1963 – 	 Spring 1964 – 	 Spring 1965 – 
	 (ha)	 winter 1963	 winter 1964	 winter 1965	 winter 1966
__________________________________________________________________________________________________________________________________________________________________

	 25	 4.11 (0.780)	 11.25 (0.005)	 1.98 (0.003)	 1.96 (0.014)
	 50	 3.09 (0.807)	 5.10 (0.031)	 1.07 (0.080)	 0.19 (0.068)
	 100	 1.33 (0.715)	 2.41 (0.053)	 0.56 (0.019)	 0.60 (0.056)
	 500	 0.40 (0.929)	 0.41 (0.264)	 0.12 (0.297)	 0.12 (0.061)
	 1000	 0.37 (0.589)	 0.93 (0.074)	 0.16 (0.023)	 0.10 (0.118)
__________________________________________________________________________________________________________________________________________________________________

Figure 5. Patterns of spatial segregation during spring 
(most segregated) and the rut (least segregated) for 
male groups, female groups and mixed groups of red 
deer (Cervus elaphus) at the 50-ha scale in the Harper-
Avoca catchment (1962–67).
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Figure 7. Seasonal differences between observed and expected 
numbers of red deer (Cervus elaphus) groups in the Harper-Avoca 
catchment (1962–67) by landform and vegetation type. ‘Alpine’ 
and ‘Montane’ are both grasslands. Differences were normalised 
by expected values (i.e. (observed–expected)/expected).

Use of the study area by red deer varied seasonally according to 
elevation, landform, and vegetation type. Deer groups were observed 
at high elevations in all seasons, but proportionately more in summer 
and winter than in spring and the rut (Fig. 6). Low elevations were 
used most in spring and least in winter (Fig. 6). Across all years the 
use of topographic landforms (χ2

 = 322.2437, d.f. = 9, P < 0.001) and 
vegetation types (χ2

 = 466, d.f. = 2, P < 0.0001) were non-random 
(Fig. 7). We predicted that deer would preferentially use valley bottoms 
in spring. Although deer did use the valley bottoms more in winter 
and spring than in summer and the rut (χ2

 = 29, d.f. = 3, P < 0.0001), 
many fewer groups across all seasons were observed in valley bottoms 
than expected (Fig. 7). Deer intensively used backslopes and spurs 
in spring (χ2

 = 160, d.f. = 9, P < 0.001), backslopes in summer (χ2
 

= 72, d.f. = 9, P < 0.001), and hollows and spurs during the rut (χ2
 

= 171, d.f. = 9, P < 0.001). In spring and summer red deer groups 
favoured montane grasslands (χ2

 = 42, d.f. = 3, P < 0.001), but in the 
rut they used alpine grasslands more than expected (χ2

 = 50, d.f. = 3, 
P < 0.001) (Fig. 7). Across all seasons, the use of vegetation type and 
topographic landform was not influenced by year (not shown).

Discussion

Our results show that the red deer population in the Harper-Avoca 
catchment increased more rapidly than was expected based on 
published maximum rates of population growth estimated overseas, 
that males and females were sexually segregated outside the rut, 
and that both sexes made substantial use of montane and alpine 
grasslands.

Population dynamics
In contrast to our prediction, the maximum annual population growth 
rates for all three classes of red deer were far greater (r = 1.61 – 2.33) 
than both the mean (0.30) and maximum (0.38) previously reported 
for Cervus elaphus (Table 1). Although estimated population growth 
rates varied between adult males, adult females, and others, each had 
a similar temporal pattern with highest rates observed between years 
1 and 2, and lower rates in the last three years of the study (Table 4). 

Figure 6. Proportions of red deer (Cervus elaphus) groups  
observed in the Harper-Avoca catchment (1962–67) in four 
elevation bands by season.

The published estimates of rm in Table 1 represent the maximum 
plausible rates of annual in situ population growth that could be 
expected for the Harper-Avoca population following release from 
culling. The very high population growth rates early in the study may 
have been due in part to younger female age at first reproduction in 
New Zealand (Daniel 1963), but the decline in population growth 
rates with time suggests that other processes also operated. The 
detectability of deer may have changed during the course of the study, 
increasing immediately after the cessation of hunting in November 
1961 and then declining (Douglas 1971). Indices of abundance can 
be corrected for detectability (MacKenzie & Kendall 2002) but we 
could not do so here, given the data collection protocols used during 
the 1960s. We emphasise that our analyses were made using an index 
of abundance and it was assumed that any changes in the value of 
the index (after correcting for seasonal differences in behaviour) 
were relative to changes in absolute abundance. Therefore, monthly 
and seasonal counts are not estimates of absolute abundance. There 
is considerable anecdotal information documenting how ungulates 
change their behaviour in response to human activities such as 
hunting (e.g. Nugent & Fraser 2005) and it is possible that at least 
some of the observed population growth rate was a consequence of 
surviving deer spending more time in grassland than forest (Douglas 
1971; Hickling 1986). However, we found no evidence that the use 
of vegetation types by deer changed during our study.

Another possible explanation for the high observed population 
growth rate is immigration of deer into the study area from adjacent 
catchments. Our study area was surrounded by Crown and leasehold 
land that, although subject to government and recreational hunting, 
contained higher densities of deer than our study area when hunting 
ceased in 1961 (Batcheler & Logan 1963; Davidson 1965). There 
are few data on the home ranges and movements of red deer in 
New Zealand, but hinds fitted with individually unique collars that 
were captured in pens in the Harper-Avoca catchment during the 1970s 
had a mean (± SE) range size (based on resightings) of 552 ha (± 64 
ha, n = 48; R.J. Henderson, unpubl. data). Of the eight marked deer 
that were subsequently shot outside the Harper-Avoca catchment, two 
young stags and one adult hind had travelled 20 km from their capture 
pens (R.J. Henderson, unpubl. data). Male red deer in the Bavarian 
Alps largely used the home ranges of their mothers for the first two 
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years of their lives, but then dispersed up to 15 km to establish new 
home ranges (Georgii & Schroder 1983). In a Norwegian population 
of red deer, young males were more likely to disperse (up to 37 km) 
at high population densities, and were likely to settle in areas with a 
lower deer density; female dispersal rates were lower and independent 
of density (Loe et al. 2009). Given the small size of our study area 
relative to the surrounding landscape matrix that contained moderate 
to high densities of deer (Davidson 1965), substantial immigration 
almost certainly would have occurred throughout the study period. 
For example, 30 adult males seen at the south-western edge of the 
study area on 12 January 1963 (i.e. during the first year of the study) 
were considered to be immigrants because they had previously been 
observed on lease-hold land south-east (i.e. outside) of the study area 
(M.J.W. Douglas, pers. obs.).

Although groups of up to 150 red deer have been observed in 
New Zealand (Challies 1990), the modal group size during our study 
was 1 or 2 and did not increase during the study (Table 2; Fig. 3). 
Hence, the increasing population was characterised by more small 
groups of deer rather than by larger groups of deer. These results 
are in agreement with overseas work showing that the only stable 
social association is a female and her unweaned calf (Clutton-Brock 
et al. 1982).

Lastly, a recent major advance in the study of animal movement 
is the availability of relatively cheap global positioning system 
(GPS) technology that can be attached to ungulates (e.g. Johnson 
et al. 2002). A GPS-collar can record thousands of animal locations 
over a variety of time frames and can provide insight into animal 
movements and resource selection at a range of spatial and temporal 
scales (e.g. Forester et al. 2007). We recommend the use of GPS 
technology for future studies of movements and resource selection 
by deer in New Zealand.

	  
Sexual segregation and resource use
Our prediction that male and female red deer would be spatially 
segregated except during the rut was supported by the data. 
Interestingly, segregation was highly variable during winter, a result 
that we attribute to the variable extent of snow cover during June–
September; when snow was deep and extensive, the sexes aggregated 
where there was least snow cover (M.J.W. Douglas, pers. obs.), as 
also observed for Himalayan tahr (Hemitragus jemlahicus; Tustin 
& Parkes 1988; Forsyth 1999, 2000) and Alpine chamois (Clarke 
1986) in the eastern Southern Alps of New Zealand.

Our results were consistent with the findings of Clutton-Brock 
et  al. (1987, 2002) on the Isle of Rum (Scotland), where sexual 
segregation increased as the abundance of red deer increased 
following release from culling. Clutton-Brock et al. (1987) suggested 
that increasing densities of females decreased the quantity of forage 
such that males moved to other areas (see also Main (2008) for other 
explanations). However, this is unlikely to explain our findings 
because the dominant tussocks (Chionochloa spp.) in our study area 
continued to increase in abundance and tiller length during the 1960s 
even though red deer were immediately and consistently (1962–67) 
observed more frequently in montane than alpine grasslands, 
particularly in spring and summer. Trends in faecal pellet frequency 
(Hickling 1986) suggested that deer were less abundant in forests 
than grasslands; hence, forage availability in forest was unlikely to 
have been a driver of sexual segregation.

Grasslands at all elevations in our study area were used less in 
winter than in the other three seasons (Fig. 7), a pattern consistent 
with that shown by sika deer in the central North Island (Davidson 
1973) and red deer in Norway (Albon & Langvatn 1992). Reduced 
accessibility of grasses and forbs due to snow cover, along with 
increased locomotory and thermal costs for deer, likely explain 
the reduced use of grasslands by deer in winter. It has been widely 
recognised that red deer prefer, and hence have greater impacts in, 
some topographic landforms than others (e.g. Wardle 1984). Local-
scale studies in alpine grasslands and beech forest have concluded 
that red deer utilise landforms that relate to compositional variation 
in vegetation driven by nutrient availability (e.g. Rose & Platt 1987; 
Stewart & Harrison 1987; Forsyth et al. 2005). Other factors may also 

drive the topographic preferences of deer. Sika deer in the central 
North Island utilised valley bottoms in spring because of early plant 
growth there (Davidson 1973), but this was not the case for red deer in 
our study area. Depending upon season, red deer utilised backslopes 
and spurs disproportionately in the Harper-Avoca catchment. That 
finding was unexpected because those areas had relatively infertile 
soils (Rose et al. 1995; Wiser et al. 1998).

Management implications
Extensive commercial and state-funded harvesting has, at times, 
dramatically reduced the abundance of deer at a variety of spatial 
scales in New Zealand (e.g. Nugent & Fraser 1993; Tanentzap et al. 
2009). However, population processes after harvesting have not been 
adequately studied to ensure effective deer management. Thus, our 
results suggest that immigration is a major driver of rapid population 
recovery following intensive harvesting at the scale (c. 11 000 ha) of 
the Harper-Avoca catchment. If immigration was indeed the cause of 
the high population growth rate, then control methods would need to 
be applied more often and/or more intensively, or the area subject to 
control would need to be made larger. Immigration has apparently 
bedevilled small-scale deer control operations by allowing rapid 
recovery of populations (e.g. red deer on Secretary Island (Sanson & 
Von Tunzelman 1985) and white-tailed deer (Odocoileus virginianus) 
on Stewart Island (Challies & Burrows 1984)).

There are at least two ways in which demographic studies 
of deer populations could assist deer-harvesting programmes in 
New  Zealand. First, further estimates of population growth rates 
are needed for a variety of landscapes to help determine appropriate 
harvest rates. Second, estimates of emigration/immigration rates 
are needed to help us understand the influence of context (e.g. size 
and spatial location of management) on population dynamics (e.g. 
Clutton-Brock et al. 2002).

Although our study showed an increase in the abundance of a 
red deer population in 5 years following cessation of control, there 
was little change in resource use. Hence, any impact of the increasing 
red deer population in the Harper-Avoca catchment would have been 
manifested through higher densities in the same vegetation types and 
landforms rather than through deer using a wider range of vegetation 
types and landforms. In contrast, we observed marked changes in 
resource use among seasons. This could have important consequences 
for red deer impacts as the recovery of vegetation from defoliation 
is sometimes strongly controlled by season (Maschinski & Whitham 
1989; Obeso & Grubb 1994). We suggest that patterns of resource 
use can be used, in part, as a basis for determining the extent and 
timing of control operations. Such operations may directly reduce 
deer abundance, or alter resource use. Red deer control in spring 
might be used to reduce impacts on certain sites at sensitive times 
in the growing season. When red deer in grasslands were subjected 
to harvesting they made greater use of forest (Hickling 1986), so a 
relaxation of hunting in grasslands might be used to reduce forest 
impacts. During our study, however, the forest canopy appeared 
to be too dense for deer to reduce the growth of seedlings (Wardle 
1984; Coomes et  al. 2003). Our resource-use examples highlight 
how further research on plant–herbivore interactions might lead to 
more effective management.

The three introduced large herbivores in the Southern Alps are 
red deer, Alpine chamois and Himalayan tahr and there is interest in 
their interactions within a multi-pest management context (Forsyth 
et al. 2000; Parkes & Forsyth 2008). The present study has shown that 
red deer utilise montane and alpine grasslands, seasonally, and work 
in the Avoca catchment during the 1970s showed that chamois also 
used these vegetation types (Clarke 1986; Clarke & Frampton 1991). 
Tahr have been infrequently observed in the Harper-Avoca catchment, 
but in Carneys Creek, about 80 km south of our study area, tahr also 
used alpine grasslands, seasonally (Forsyth 2000). Although red deer 
were virtually eliminated by helicopters from the open grasslands of 
the eastern Southern Alps during the 1980s (see appendix 1 in Forsyth 
1997), relaxation of red deer harvesting could lead to greater sympatry 
with chamois and tahr. In the eastern Southern Alps chamois and tahr 
are predominantly browsers and grazers, respectively (Parkes & Forsyth 
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2008), but understanding the relative impacts of deer, chamois and tahr 
now requires that red deer diet be studied in that area.

Conclusions

Our study showed that the observed population growth rate of red 
deer in a 11 000-ha area of the Southern Alps after the cessation of 
intensive hunting was far greater than biologically possible without 
substantial immigration and/or changes in detectability. Ancillary 
information on movements of deer subsequently captured in the 
Harper-Avoca catchment suggests that immigration played an 
important role. Although the abundance of deer increased during 
the study, there was strong segregation of male and female groups 
in spring and summer; sexes were most aggregated during the rut. 
Both sexes made intensive use of montane and alpine grasslands, 
particularly in spring and summer. Our results highlight the need 
to consider the size and spatial context of deer management areas. 
There is little information on the home ranges, migration patterns, 
use of resources, and dispersal rates and distances of red deer in 
New Zealand, but these data are required for the design of more 
effective deer management programmes.
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