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Data collection of demographic, distributional and trophic 
information on selected seabird species to allow estimation of 

effects of fishing on population viability 
 
 
Objective 2 ⎯ Milestone 3 
Westland petrel ⎯ gather data to estimate population size and trend. Pilot study 
  
1. Introduction 
 
Westland petrels Procellaria westlandica are seabirds endemic to New Zealand and nest in burrows 
in forest near Punakaiki, Westland, South Island. The species is poorly studied which in part can be 
attributed to their use of burrows for nesting and their nocturnal pattern of attendance at nesting 
locations. Estimates of population size and trend are generally lacking, and no systematic survey of 
abundance has occurred. Ad hoc abundance estimates from the 1980s report approximately 20,000 
individuals in the region (Taylor 2000, Waugh et al. 2006). 
 
Latitude 42 Environmental Consultants Pty Ltd has been commissioned to develop estimates of 
population size and trend for three species of seabirds that are impacted by fisheries operations.  
These species are the white-capped albatross, flesh-footed shearwater and Westland petrel. 
 
In earlier reports we designed a survey methodology for estimating population size and assessing 
long-term trends for the Westland petrel (Baker and Double 2006), and commenced work on 
gathering field data to achieve this (Baker et al. 2007). While Westland petrels breed throughout the 
Special Conservation Area, DOC officers at that stage identified 11 high density breeding sites in the 
Punakaiki area, for which we were provided indicative locations and population estimates. We 
decided to concentrate our longer-term study on estimating the population in those high density 
areas, and the 2007 pilot study focussed on three of those areas.  
 
We have subsequently accessed an internal DOC report (Wood 2006) which informs on a study 
conducted between 2003 and 2005 in which the Special Conservation Area was searched and all 
major breeding sites located. These sites were mapped and all burrows detected counted. Because 
this report appears comprehensive in terms of locating all of the high density areas used by Westland 
petrel, we have used it as the basis for site selection in our future work.  
 
Wood (2006) identified a total of 28 major breeding sites (which he referred to as ‘colonies’ but see 
Definitions under Methods, below), although there are some discrepancies in what has been detailed 
in his summary table and that mapped in his report.  

• two colonies, Liddys Top and Studio colonies, are shown in the table twice. While it is clear 
that Liddys Top colony is simply duplicated, two different counts of burrows are shown for 
Studio colony, indicating that an incorrect name may have been attributed to one of the 
colonies shown as Studio colony; 

• an unnamed colony is mapped but not identified in the table; 
• the table refers to a Studio sub colony and another colony, Carpentaria, which are not 

mapped. Although we have discussed this with DOC officers we have been unable to 
determine the location of either of these colonies at this point. 

Thus 26 major breeding sites or areas are definitively mapped and detailed in Wood (2006). As these 
are thought to encompass all known major Westland petrel breeding sites we have now used these 
as our focus for our field work (Table 1, Figure 2). There may be another three major colonies ―  
Studio sub colony, Carpentaria and another listed by incorrectly as Studio colony,  identified as 
discrepancies above ―  but in our field work to date we have not located any other major colonies. 
Other smaller, isolated colonies undoubtedly occur in the Westland Petrel Special Conservation Area, 
particularly along the edges of stream and deep gullies. However, we agree with Wood (2006) that 
due to the extremely rugged nature of the terrain, to locate these would be impractical and 
unwarranted, given that they probably comprise only a small proportion of the global population.   
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Here we report on our work during the autumn and winter of 2008, which we consolidate with data 
from the 2007 field season, to provide a complete picture of our research to date.  
 
2. Methods 
 
The Site 
 
The Westland Petrel breeds in dense lowland forest on the west coast of New Zealand’s South Island 
in an area distributed over 16 square kilometres near Punakaiki. The area experiences a mild (mean 
temperature 12.5oC) and wet climate (mean annual rainfall 2,346 mm). The birds breed throughout 
this area, which has been designated as a Special Conservation Area. The area extends from the 
south bank of the Punakaiki River in the north, to Lawsons Creek in the south (Lyall et al. 2004; 
Jackson 1958; Figure 1). It should be noted that in former times Westland petrels may have had a 
more extensive breeding distribution, although the extent of this is unknown. Fossils of Westland 
petrel recorded north of the Punakaiki River suggest that their distribution may have previously 
extended beyond its current range (Worthy 1993) but the species is no longer known to be present 
there (Lyall et al. 2004). There is also apparently suitable habitat to the north of the current colonies 
although there are no historic records of Westland petrel breeding there (Lyall et al. 2004). Our study 
is confined to the known current breeding areas and potential breeding habitat to the north of the 
Punakaiki River will not be examined. 
 
Breeding occurs in the Austral winter. Breeding colonies are located on low-lying mudstone cliffs and 
ridge tops under heavy forest canopy (Waugh et al. 2006). The birds nest in burrows in steep forested 
terrain, forming dense colonies of up to 4,000 birds, although smaller colonies are more common 
(Waugh et al. 2006).  
 
Definitions 
 
While Westland petrels can be expected to be found nesting anywhere throughout the Special 
Conservation Area, most breeding is concentrated in a number of breeding sites or areas. We 
define a breeding site or breeding area to be a geographically defined area in which extensive 
presence of Westland petrel breeding activity is apparent. Within each breeding site may scattered 
burrows and areas of intensive breeding activity or colonies. ‘Intensive breeding activity’ was 
identified by the presence of > 20 burrows co-located within an area that had been actively cleared of 
leaf litter and ground vegetation by petrels, most likely when gathering nesting material. 
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Field Work 
 

Field work is focussed on visiting all of the 26 high density areas or sites identified by Wood (2006) at 
least once during the four years of our study, to estimate the number of pairs breeding at each site. A 
few sites will be visited annually to estimate population trends. 
 
Table 1. High density breeding sites of Westland petrels identified in Wood (2006). The 
26 numbered sites are the focus for field work activity in this study. Note that while Wood 
referred to these areas as colonies, in many cases each area consisted of a number of small 
colonies. We use the term ‘colony’ to refer to an area of intensive breeding activity, identified 
by the presence of > 20 burrows (see Definitions above). However we have retained the word 
‘Colony’ in the name of each high density breeding site for consistency with Wood in the 
naming of these areas. 
 

Site No. High density breeding site Field Work  Wood (2006) 
    2007 2008 Burrow total 

1 Middle bluff ‘colony’   32
2 Bees nest ‘colony’  X 711
3 Fucawe ‘colony’   343
4 Dougies bluff ‘colony’  X 1712
5 3 bluffs ‘colony’   139
6 Viejo ‘colony’   62
7 Soloman and Reubs ‘colony’ X  1293
8 Unnamed ‘colony’ mapped in Wood (2006)   not provided
9 Power barrow ‘colony’   91

10 Study ‘colony’ X X 3260
11 Track in   43
12 Robs ‘colony’   262
13 Knoisy knob   363
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Site No. High density breeding site Field Work  Wood (2006) 
    2007 2008 Burrow total 

14 Middle ‘colony’ X X 561
15 Able ‘colony’   90
16 262 West ‘colony’   110
17 262 East ‘colony’  X 274
18 Rowe ‘colony’ X X 1057
19 Liddys centre ‘colony’ X X 796
20 Studio ‘colony’  X 392 and 599
21 Liddy’s top ‘colony’  X 217
22 Back of beyond ‘colony’   499
23 Howard land    not provided
24 Lawson 2 ‘colony’   10
25 Lawson 1 ‘colony’   22
26 Lawson 3 ‘colony’   209

 Studio sub ‘colony’   199
 Carpentaria + 2 sub colonies   599

 Total  14,162

 
 
In 2007 we conducted field work from 15 May to 15 June 2007, timing our visit to coincide with the 
period of peak egg laying (23 May) and early incubation. In 2008 field work was carried out in the 
autumn (17-28 March) and winter (12-23 May). DOC Permit conditions required that field activities 
cease if rain in excess of 20 mm was recorded in any 24 hour period, to minimise burrow collapse in 
nesting areas. This restricted our ability to complete all field tasks within the period of peak egg-laying 
in 2007, hence the decision to carry out some work in 2008 during March, a time of year when 
increased day length and better weather permitted more time to be spent in the field establishing 
transects and counting burrows, particularly in the more remote areas which are difficult to access.  
Each high density breeding area was located by taking coordinates from Woods’ (2006) contour maps 
and accessed by what appeared to be the easiest route. In practice, this was not always apparent 
from the contour maps, and notes on the best access route were therefore taken to facilitate future 
monitoring. We used Garmin 60CSx hand-held GPS units with contour mapping software to locate 
breeding areas and for all other purposes in the field.  
 
We seached each of breeding area accessed to locate Westland petrel colonies (areas of intensive 
breeding activity, as defined above). When searching each breeding site we used 2m wide strip 
‘search transects’ to locate colonies. Search transects were established by following a compass 
bearing downhill from a ridgeline. When we reached the end of a search transect we then walked 
approximately 40m on a similar contour from the end of the initial transect, and then commenced 
another search transect by walking uphill back to the ridge line on a similar bearing, recording data as 
we went. Start and end points of each search transect were recorded using a hand-held GPS. When 
burrows were located, their location from the start point of the search transect was recorded, and the 
number of burrows subsequently found 1m either side of the transect line counted. 
 
Search transect lengths were either measured using a 100m surveyors tape, or calculated using a 
GPS. There was a bias when using GPS to calculated lengths, which required adjustment of GPS 
measured lengths following calibration. The adjustment was estimated by fitting a calibration equation 
using ordinary least squares regression. The adjustment equation was: 
 
Adjusted length = (GPS – 2.4)/0.8122 
 
Search transects were not used to establish estimates of burrow density, but to provide a permanent 
record of breeding site search effort.  
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When we located a colony we estimated population size through a three stage process. Firstly, we 
determined burrow densities in each colony by using 2m wide strip ‘colony transects’, and mapped 
burrows along each transect to assist in post-hoc stratification. These transects differed from search 
transects in that they were confined to identified colonies and were randomly selected. Secondly, we 
estimated the proportion of active nests per burrow through the use of burrow scopes and ‘inspection 
by hand’ (inserting an arm down burrows to determine occupancy and feel for eggs, chicks, adult 
birds or nesting material). Lastly, we measured the area of each colony and multiplied the area by 
density to arrive at a population estimate for each colony. 
 
The origin points for transects were randomly located along a central line or ‘backbone’ which was run 
through the colony. In practice, most colonies were centred on ridge lines or located on steep slopes, 
and the backbone was located along a ridgeline. From each of the origin points we established 
transects that ran down the slope, with bearings selected to run orthogonally from the ridge line or 
backbone to ensure that transects spanned the colony. This ensured adequate coverage of the 
colony and facilitated subsequent density assessment. Transects were then searched and burrows 
located up to 1m either side of the centre line counted, with burrow-like structures categorised as 
either 'potential burrows' or 'not a burrow’, following the guidelines outlined by Waugh et al. (2003). 
 
 
1. Determining burrow densities 
 
Within each colony located we used 2m wide strip ‘colony’ transects to quantify burrow density.  At 
some sites colony transects were well marked to permit follow-up surveys in future years. The origin 
points for colony transects were randomly located along a central line or ‘backbone’ which was run 
through the colony. In practice, most colonies were centred on ridge lines, and the backbone was 
located along the ridgeline, From each of the origin points we established 2 transects with bearings 
selected to run orthogonally from the ridge line or backbone to ensure that transects spanned the 
colony. This ensured adequate coverage of the colony and facilitated subsequent density 
assessment. At each transect, a 100m tape was pegged along the ground to mark the centre line. 
Transects were then searched and burrows located up to 1m either side of the centre line counted, 
with burrow-like structures categorised as either 'potential burrows' or 'not a burrow’, following the 
guidelines outlined by Waugh et al. 2003. Using these guidelines, a 'potential burrow' was defined as 
a tunnel >20 cm long, with an entrance size >14 x 8 cm. Holes that superficially resembled burrows 
but were not of an appropriate size or in a suitable environment, for example exposed to light, or 
containing debris or tree roots, were initially counted but designated as 'not-a-burrow' (Waugh et al. 
2003). Initially both categories of holes were recorded, but this practice ceased after 2007 as field 
staff became proficient at reliably determining potential burrows from other holes that were not 
burrows. 
 
We also recorded the distance of every burrow detected along transects, to permit mapping of 
burrows and assist in post-hoc stratification of the colony by burrow density, if appropriate. Transects 
were of variable length and extended beyond the boundaries of colonies (as determined by 
topography), to obtain data on burrow density. The total length of transects in each colony varied 
according to the area of each colony. We aimed to ensure total transect length exceeded 5-10% of 
the total area of each colony, and that transects adequately covered the range of perceived densities 
and habitat types within each colony. 
 
To assess observer variability in detection and counting of burrows, or  miscounting and 
misidentifying holes in the ground as bird burrows, we conducted multiple counts along most colony 
transects in 2007, and at some transects in colonies in the Study, Rowe and Liddys Centre breeding 
areas. This was typically achieved by requiring up to three observers to simultaneously conduct 
searches for burrows in opposite directions along transects, or getting different observers to conduct 
a search at least 15 minutes after an initial count, with the observers counting each transect once.  All 
other transects were counted by one observer only. 
 
To facilitate repetition of surveys for both long-term monitoring and other studies, colony backbones 
and transects were mapped using a hand-held GPS receiver, and a bearing for each transect 
recorded using a compass. Permanent markers were fixed to trees to assist in subsequently locating 
transects start and end points.  
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2. Estimating burrow occupancy 
 
To determine the proportion of burrows occupied by breeding petrels we used a combination of 
techniques, including inspection by hand, photographing burrow contents using an 
Olympus Mu 770 SW digital camera, or inspection using a Sextant Technology (116 Wilton Road, 
Wellington 6012, New Zealand. Phone +64 4 976 4227) custom-built burrow-scope (Hamilton 2001; 
Boland and Phillips 2005), to enable burrows to be fully explored without destroying any nests and to 
minimise the problem of missing birds due to bifurcating burrows (cf. Hamilton 2001).  We aimed to 
inspect a minimum of 200 burrows per colony, although this was not always possible because the 
number of burrows was limited, or due to time constraints.  Because burrow density was generally low 
in all colonies, there were insufficient burrows along transect lines to achieve a reasonable sample 
size by seaching transect burrows alone.  We therefore randomly selected burrows throughout each 
colony and searched them from entrance to terminus.  The contents of each burrow were categorised 
as one of the following classes — unknown; empty; bird in burrow; bird on nest; bird on egg; egg, no 
bird. All burrows checked were marked by applying a small amount of spray paint at the burrow 
entrance to avoid repeating counts. 
To investigate the error associated with our inspection techniques (McKechnie et al. 2007), we re-
examined 83 study burrows at the Scotsman Creek colony in 2007 and 2008. These burrows were 
fitted with inspection lids, enabling subsequent unambiguous verification of burrow contents, without 
the need to destroy burrows to obtain this information. Correction factors developed from this 
investigation were applied to all subsequent population estimates. 
 
 
3. Estimating the area of colonies 
 
Each colony area was mapped by using transect data and a Garmin 60CSx hand-held GPS. Points of 
latitude, longitude and elevation were collected along colony boundaries and these points imported 
into the Geographic Information System software MANIFOLD, which was used to create maps and 
calculate the area of each colony. The area estimates were rounded down by 5% to account for 
spatial error associated with data interpretation and the inaccuracies inherent in the datasets. 
Population size of each colony was then calculated by multiplying the area by the mean density of 
burrows and the occupancy rate of burrows derived from the Scotsman Creek colony.  The resulting 
estimates of occupied nests (or annual breeding pairs) per colony were summed for each area.  They 
estimates for each area are conservative, and do not include birds nesting at lower densities 
throughout the areas. 
 
Data analysis 
 
Burrow counts of transects were undertaken by one observer only. Previously we undertook multiple 
counts of transects to estimate counter variability associated with detecting and counting burrows. 
These count data were statistically modelled by Poisson regression, a special case of a Generalised 
Linear Model (McCullagh and Nelder, 2002), with observer and area as fixed effects. After allowing 
for both mean observer and mean area differences, there was no evidence to suggest that our model 
and data were incompatible, based upon regression diagnostics and model checking (Baker et al 
2007). There was also no evidence of a difference between observers and hence an observer bias. 
We have no reason to believe that our 2008 data should have different distributional properties than 
our 2007 data and so we assume the current data are also compatible with a Poisson model. Thus 
we present raw counts only and not modelled counts for 2008 data, and assume the standard 
deviation is estimated as the square root of the count, a property of the Poisson model.  
 
3. Results 
 
Field work 
 
In 2007 we visited Soloman and Reubs, Study, Middle, Rowe and Liddys Centre breeding sites and in 
2008 we visited Bees Nest, Dougies Bluff, Study, Middle, 262 East, Rowe, Liddys Centre, Studio and 
Liddys Top breeding sites. In March 2008 we also tried to access 3 Bluffs, Powerbarrow and Robs 
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Breeding Sites (Sites 5, 9 and 12) via a side creek when leaving Dougies Bluff, but found this 
impassable due to the rugged terrain. 
 
Within the time allocated to field work in both 2007 and 2008, we were able to search all of the 
breeding sites selected for survey. A total of 99 colony transects were established in 10 colonies 
located within the 10 breeding sites we studied, and all colonies were mapped. In addition, 43 survey 
transects were used during searches for colonies. Coordinates for all ‘backbones’ and transects are 
provided in Annex 1.  
 
Provided below are brief physical descriptions of the breeding sites and colonies in which we worked. 
These sites and colonies are best located by using the coordinates of established transects as GPS 
waypoints. The descriptions provided are from our field notes and may be difficult to interpret unless 
you are on the ground and trying to access a particular area or colony. They are provided as an aid to 
assist future researchers locate sites. 
 
 
Description and spatial measurement of colonies  
 
Site 2 — Bees Nest Breeding Site 

We accessed the Bees Nest area via the Study Breeding Site Colony to the ridgeline and headed 
north from there. Attempts to get to it from the Punakaiki River catchment proved to be extremely 
difficult and access from the north is not recommended. There is some very rugged country between 
the river and the bluff systems. A quicker and easy route may be via the Solomans track but this 
requires landowner permission.  
 
We found the site by establishing a GPS waypoint from mapping in Wood (2006) and descended to it 
of the main ridge, running search transect lines as we went. On finding the colony we ran 12 colony 
transect lines through the site (total length 471 m), marking trees with purple cattle tags. The colony 
was defined by a distinct spur line running down the hill with scattered pockets of burrows across a 
slope. These pockets depended on the width of the terrain and availability of suitable digging 
substrate. 
 
Bees Nest Colony: Area = 6,046 m2 (6,364 m2 X 0.95) 
 

Site 4 ― Dougies Bluff Breeding Site 

This area was accessed via the Punakaiki River catchment after we obtained permission from land 
owners Neil and Karen Moett to unlock the gate and travel up the road below the bluffs. We initially 
spent some time trying to gain access to the 3 bluffs (Site 5), Powerbarrow (Site 9) and Robs (Site 
12) Breeding Sites via a side creek, but fount it impassable trying to climb up this way as there are too 
many bluffs in the way. We then found a tagged route going up a ridge which leads to the Dougies 
Bluff Site. 
 
Dougies 1 is a small colony on a relatively flat area that is surrounded by bluffs. The area is defined 
by cliffs on 2 sides and thick Keikei on the southern boundary. We established six transects (total 
length 212 m). The site is hazardous. We realized later when we were back in the valley that this area 
is based on a piece of rock that is overhanging the bush metres below.  
 
The terrain through to the high point at the 262 East Breeding Site 17 was extremely rugged too. The 
topo map shows a flat wide ridge but the reality is a tight ridge line along the bluff edge which we 
followed, dropping inland to massive deep tomo holes (karst landscape) and chasms. Scattered low 
density pockets of birds occurred right along a narrow band on the ridge closest the bluffs. For 
reasons of safety, we did not venture into the bush pockets running down the cliff faces. Dougies 2 
colony transects (7 transects, total length 275 m) are representative of the small colonies running 
across this lip of ridgeline. It was not very wide due to the terrain features but still a significant low 
density population spread out across the slope. We did no venture into the front faces of bush above 
the cliffs. 
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Two other areas containing burrows in low densities were encountered in areas we called Dougs 3 
and 4. Search transects in these areas ran for approximately 360m and 120 m along the bluff but it 
was too difficult to run colony transect counts across the gradient as we were tucked tight on the ridge 
line. The two areas were separated by a large gulch/tomo which we had to walk around. We observed 
low density burrows 30m either side of the lines but both search transects failed to detect burrows. 
Nonetheless, these two search transects are representative of continuing low density Westland petrel 
breeding sites along the ridge line  
 
Colony areas were estimated to be: 
  
Dougs Bluff 1: Area = 723 m2 (761 m2 X 0.95)  
 
Dougs Bluff 2: Area = 1,997 m2 (2,102 m2 X 0.95) 
 
Site 7— Soloman and Reubs Breeding Site 

Considerable time was spent searching the Solomans and Reubs area for colonies.   Birds were 
found in three small high density pockets, with the rest of the area containing random scattered 
burrows at very low densities.  The three small colonies were surveyed and mapped. Transect 
lengths totalled 255 m (4 transects), 100 m (1 transect) and 129 m (2 transects) for the Solomans 1, 
Solomans 2 and Solomans 3 colonies, respectively (Table 2).  The size of the three Solomans 
colonies areas was estimated to be: 
 
Solomans 1: Area = 4,102 m2 (4,318.19 m2 X 0.95) 
 
Solomans 2: Area = 1,290 m2 X 0.95 (not adjusted, measured on ground) 
 
Solomans 3: Area = 2,596 m2 (2,732.9 m2 X 0.95) 
 
Solomans 1 was accessed through private property, following an established track to a high point 
where a ridgeline was reached. The colony was situated high on the ridgeline across an open face 
which dropped into steep, tight gullies and spurs where we terminated transect lines.  Burrow 
densities dropped off at this change in terrain.  
 
Solomans 2 extended from a valley floor up a steep spurline.  One transect was established, following 
a reasonably dense patch of burrows along a spurline.  The terrain was extremely slippery and fell 
steeply away on both sides of the spur, dropping into tight steep gulches unsuitable for birds. Thick 
vegetation also inhibited access so that the spatial extent of colony could not be accurately defined 
using GPS, but we were confident the that the colony extended no further than 5 m each side of the 
transect.  
 
Solomans 3 comprised a small, high density pocket of birds mid slope above Solomans 2 but below 
Solomans 1. Two transect lines were extended from one point as this was the easiest way to 
approach this pocket of birds. The ‘gardened area’ was well defined . 
 
Site 10 — Study Breeding Site, Scotchman’s Creek  

The Study Colony at Scotchmans Creek is perhaps the best known Westland petrel breeding area 
and has been the site of intensive monitoring and research over the last 20 years. It was the largest 
colony we encountered.  Within the Study Colony we established 12 transects of total length of 948 
m.   
 
Study colony: Area = 17,960 m2 (18,905 m2 X 0.95).  
 
Site 14 — Middle Breeding Site 

Accessed by walking up through Main Breeding Site to the top of the ridgeline and then following 
down ‘Middle Colony Spurline’ as shown in Wood (2006). Search transects (n = 21; total length 
639m) were conducted off each side of the most prominent spurline closest to the Study Breeding 
Area and two colonies located. 
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Middle 1: Area = 1,416 m2 (1,491 m2 X 0.95) 
 
Middle 2: Area = 5,648 m2 (5,945 m2 X 0.95) 
 
Site 17 ― 262 East Breeding Site 

This site was found by following the main ridge to Trig Point 262. Access was from the Punakaiki 
River. We found only one small colony and established 3 colony transects (total transect length 65 
m). A further four search transects (total length 176 m) were used to search the area but only a few 
scattered burrows were located. 
 
The colony area was estimated to be:  262 East: Area = 418 m2 (440 m2 X 0.95) 
 
Site 18 — Rowe Breeding Site 

One colony was identified within this area and seven colony transects (total length 597m) established. 
Rowe 1 colony was large and spread across a reasonably open slope extending from the valley floor 
to a plateau area adjacent to the Liddys Centre Breeding Site. Burrows on these transects were 
counted in both 2007 and 2008.  
 
The colony area was estimated to be:  Rowe 1: Area = 11,729 m2 (12,346 m2 X 0.95) 
 
Site 19 — Liddys Centre Breeding Site 

We accessed this area from the main valley access up through Rowe 1 colony and on to the top ridge 
line, where we headed west. Within this area we found 3 colonies ―  Liddys 1 (4 transects, total 
length 282 m), LIddys 2 (4 transects, total length 235 m) and Liddys 3 (8 transects, total length 732 
m). We also searched an area running off the main ridge to the valley floor and back into the 
catchment area for Main Breeding Site (Liddys 4). However search transects (2 lines, 266 m total 
length) failed to indicate the presence of another colony in this area.  
 
Liddys 1 and Liddys 2 colonies contained smaller pockets of birds where terrain dictated their 
suitability as a site — birds preferred open patches along narrow ridgelines.  A few burrows were 
found along these narrow ridges, which were separated physically by tight steep gullies. 
 
Liddys 3 can be accessed from the next creek catchment south of the main valley. It is an easy walk 
in and the colony transects begin at the valley floor. It is situated opposite the studio colony transects. 
There is a taped track with permulate markers running though this site which continues through to 
Liddys 2 and takes you on to the top ridgeline. Colony transects at this site rise to the 80-100m 
contour line on the map. A spur line runs down from this top point bulging out into a wider wedge of 
terrain where there are scattered pockets of birds located where the substrate is suitable for digging 
burrows. In between are rocky outcrops, bluffs, tight gullies and stream courses. Transect lines 
terminated near these areas, or followed through them where possible. 
 
Colony areas were estimated to be: 
 
Liddys 1: Area = 3,381 m2 (3,559 m2 X 0.95) 
 
Liddys 2: Area = 6,562 m2 (6,907 m2 X 0.95) 
 
Liddys 3: Area = 5,696 m2 (5,996 m2 X 0.95) 
 
Site 20 — Studio Breeding Site 

This area is accessed from the next creek catchment south of the main valley which provides access 
to Site 10 – the Study Breeding Site. On the main road heading south, drive past the mine buildings 
until you come to a green shed on the right hand side of the road. Opposite this is a wire gate which 
leads through overgrown gorse and a track up the valley. There is a marked track up the spurline 
from the valley floor providing relatively easy access to the tops following this route. It also leads 
through to Site 21 ― Liddys Top Breeding Site. 
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We used this track to climb to a suitable spot past some bluff faces where we began search transects 
of Studio Breeding Site. These went from valley floor back up to the spurline, with all 10 search 
transects (total length 1,693 m) passing through very low density areas of burrows with scattered 
pockets of small numbers of birds. No major colonies of birds were found despite some suitable 
terrain. However, because Wood (2006) estimated that there were 599 burrows in this area, we have 
used burrow counts from our search transects to estimate the number of burrows in this breeding site, 
although estimation of occupancy rates using burrowscopes is not warranted. 
 
Breeding site area was estimated to be: 
 
Studio : Area = 53,395 m2 (56,205 m2 X 0.95) 
 
Site 21 ― Liddys Top Breeding Site 

This site was accessed via Studio Breeding Site. At the base of this main ridge which meets the 
valley floor there is a track marked with tape that leads all the way up the spurline. 
 
We located two colonies running of the ridgeline in this area. LT1A colony (7 transects, total length 
247 m) is a small patch of birds located off the main ridgeline between two spurs, with more birds in 
the next small basin over a ridge. This site channels into a tight gut and drops in to steep dense 
vegetation. 
LT1B colony (4 transects, total length 87 m) is located further along the ridgeline nearing the high 
point. The site is spread around a plateau area on the top of the ridge. There are some suitable areas 
for birds to dig burrows along the top of the ridge, but they are restricted in size and terminate at the 
top of big bluffs. All transects end at the top of the bluffs. We suspect this colony may be that referred 
to in Wood (2006) as the Carpentaria site (unmapped), mainly because we found a couple of old 
wooden markers outside burrows which appeared to have been there a long time. We have anecdotal 
information that Sandy Bartle studied Westland petrels at the Carpentaria site more than a decade 
ago, and he may have marked burrows. We intend to follow up this possibility with Sandy Bartle and 
others before next season. 
Colony areas were estimated to be: 
 
LT1A : Area = 1,716 m2 (1,806 m2 X 0.95) 
 
LT1B: Area = 452 m2 (476 m2 X 0.95) 
 
Density of burrows  
Raw data for transects lengths and burrow counts are shown in Table 2.  
 
 
The predicted counts of potential burrows for colonies in 2007 and 2008 are shown in Table 3.  The 
predicted counts are burrows per 100m of transect.  
 
Density of potential burrows ranged from 1.24 to 46.51 burrows/100m of transect. It was greatest at 
the Solomans 3, Study, Rowe 1A, Solomans 2, Liddys 2, 262 East and Liddys Top colonies, where 
the number of burrows exceeded 15 burrows/100m of transect. Density was lowest at the Studio, 
Rowe 1B, Middle 1, Solomans 1 and Dougies 2 (range 1.24 ⎯ 7.24 burrows/100m of transect; Table 
3). 

 
 
Occupancy rates of burrows 
 
In 2007 determination of burrow occupancy proved to be problematic, with all five of our 
burrowscopes proving to be unreliable. We therefore had to rely on the use of the digital cameras, 
grubbing techniques and burrow-entrance inspection using torches to determine occupancy. We were 
able to inspect 447 burrows at the Rowe 1 and Solomans Colonies, and 83 burrows at the Study 
Colony at Scotchmans Creek. All burrows inspected at Study colony were fitted with inspection 
openings. These burrows were double counted as part of the exercise to develop occupancy 
correction factors. 
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Of the 83 burrows inspected at Study Colony, 49 (59.03%) were found to be occupied when the 
inspection lids were removed (Table 4).  Of the 49 occupied burrows, we identified that a mean of 31 
(63.3%) were occupied (Table 4) when we used our occupancy detection techniques — 27 birds were 
correctly detected, and 14 birds were missed by both observers. For 22 burrows we were unable to 
determine burrow occupancy because the burrow terminated well beyond the point of the inspection 
lid. A more detailed inspection by DOC officer Chippy Wood at the completion of egg-laying, carried 
out two weeks after our field work, indicated that 6 (27.3%) of these burrows were occupied. We have 
chosen to use the following equation as a correction factor to improve burrow occupancy estimates at 
all colonies evaluated in 2007. 
 

               UBDBO 273.0
633.0

+=  

 
where BO is Burrow Occupancy; BD is the number of Birds Detected through inspection of burrows 
using a digital camera, torch and hand-grubbing; and U is the number of burrows where occupancy 
was uncertain after inspection using these techniques. 
 
In 2008 we inspected 485 burrows in the Study (187 burrows), Rowe 1 (198 burrows), Liddys 1 (50 
burrows) and Liddys 2 (50 burrows) colonies with a new generation burrowscope that work perfectly 
until we encountered the problem with batteries for the screens. This issue has subsequently been 
resolved and we anticipate no further problems with burrowscoping burrows in future years. 
Determination of burrow occupancy was greatly improved over the techniques used during 2007. As 
with recent experience during field work on flesh-footed shearwaters (Baker et al 2008), the Sextant 
burrowscope provided excellent vision of burrow contents. Occupancy rates for these colonies are 
shown in Table 5. 
 
We also inspected a further 89 burrows at the Study colony that were fitted with inspection openings 
to develop an occupancy correction equation. This will be done when we receive data from DOC on 
occupancy of these burrows at the completion of the breeding season, determined as part of their 
detailed demographic research.  
 
In the absence of a correction equation for occupancy rates estimated by use of the burrowscope in 
2008, we have assumed the equipment was as effective at detecting Westland petrels as it was 
detecting flesh-footed shearwaters in earlier work we carried out in 2008 (Baker et al. 2008). In this 
study the status of 80.8 % of occupied burrows was correctly determined. We have therefore used the 
following equation developed in this earlier work to the length of the burrowscope. We have chosen to 
use the following equation as a correction factor to improve burrow occupancy estimates of Westland 
petrel colonies in 2008: 
  

               
PCI
BDBO =  

 
where BO is Burrow Occupancy Rate; BD is the number of Birds Detected through inspection of 
burrows using a burrowscope, and PCI is the Proportion Correctly Identified in the calibration study 
(0.808) (Baker et al 2008). 
 
In both 2007 and 2008, we did not try to determine if birds occupying burrows were incubating eggs at 
the time of our inspection to avoid unnecessary disturbance and save time, but the detailed inspection 
carried out at the completion of egg-laying indicated that 41 of the 49 burrows (83.7%) at Study 
Colony contained eggs in 2007. 
 
Across both years the corrected burrow occupancy rates for colonies ranged from 29.7% to 74.1% of 
burrows inspected (Table 6). The lowest occupancy rates were at Liddys 2 colony in 2008 (29.7%) 
and the highest were at the Solomans 3 and Study colonies in 2007 (66.5% and 74.1%, respectively). 
There was evidence of considerable inter-annual variation in the corrected occupancy of burrows at 
the Study colony, which declined from 74.1% in 2007 to 37.7% in 2008.  The difference between 
corrected and uncorrected occupancy rates between the two years demonstrated the effectiveness of 
the burrowscope in accurately determining burrow occupancy when compared with the combination 
of methods used in 2007. 
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Population Estimates 
 
Based on our data for ‘potential burrows’ we have scaled up the predicted counts/100 m of transect to 
derive an estimate of the total burrows for each Colony (Table 7). We estimate the total count of 
burrows to be 6,053 (95%CI, 4,822 — 7,283) for the ten breeding areas surveyed in 2007 and 2008.  
 
Of these burrows, 2,436 (1,205—3,666) were estimated as being occupied, based on corrected 
occupancy rates for each colony (Table 7). As data in 2007 on occupancy rates for Rowe 3 and 
Solomans 2 colonies were not collected, we have used the corrected rates from Rowe 1 and 
Solomans 3, respectively, to derive this estimate.  These were the colonies with the largest 
occupancy rate sample sizes within the relevant area. Similarly, as data in 2008 on occupancy rates 
for the Bees Nest, Dougies Bluff, Middle 1, 262 East, Liddys 3, Studio and Liddys Top colonies were 
not collected, we have used the mean of the corrected occupancy rates of the four colonies we 
burrow-scoped (36.6%) to derive an estimate of occupied burrows in this year. The totals for the 10 
breeding areas surveyed (Figure 7) can be considered to represent the number of annual breeding 
pairs using these areas. 
 
 
4. Discussion 
 
The estimates presented in this report would appear to be the first detailed population estimates for 
the ten areas we surveyed. They are conservative estimates, and represent only the high-density 
colonies within the breeding areas we have surveyed to date. Scattered burrows exist throughout 
these sites and we may have underestimated the populations in these areas by up to 10%. To refine 
the size of this underestimate would require extensive resources and is beyond the scope of this 
project. 
 
The greatest limitations to future work remain those imposed by the weather, with site access 
restricted during periods of heavy rain or after rainfall of >20mm in any 24 hour period to protect 
breeding sites. It is clearly difficult to predict the likelihood of access to sites well in advance, which 
hampers detailed field planning.  There is a limited time around the period of peak egg-laying (c. 4 
weeks) and heavy rainfall during this short period could lead to delays to the program. It is likely we 
will continue to establish transects during the summer, and return during the winter breeding season 
to concentrate on burrow-scoping around the time of peak egg-laying.  
 
Statistical analysis of the data collected during 2007 indicated no evidence of a difference between 
observers and hence an observer bias. Generally our predicted counts burrow counts were directly 
proportional to transect length, although this was not the case for the Study Colony, where burrow 
counts were neither proportional to transect length or related to transect length. We intended to 
explore further statistical modeling using a negative binomial or other distribution in a GLM to address 
this issue, but this work was not carried out. Rather, onsite investigation indicated that random 
transects, while place within areas of intensive breeding activity, often traversed areas within colonies 
that were unsuitable for burrowing. For this reason, and because observers differ less than counting 
error, and much less than transect to transect variability, we attempted to establish more transects 
which were counted by only one observer to improve statistical gains. 
 
One issue that has emerged is the need to test the assumption that burrow densities remain relatively 
constant from one season to the next. This view is widely held among those that have worked on 
Westland petrels in the past (Woods 2006; S. Waugh unpublished) and appeared reasonable given 
the stable nature of the substrate encountered in colonies. However the data we have from our 
permanent transects in the Study and Rowe 1 colonies does not support this, with significantly fewer 
burrows being detected in both these areas (Study ― 91 or 32.2% fewer burrows in 2008 than 
counted in 2007 in 948 m of transects; Rowe 1 ― 11 or 12.4% fewer burrows in 2008 than counted in 
2007 in 477 m of transects; Table 2). This can be partially explained by the difficulty of re-establishing 
the ‘permanent’ transects. Even though markers were placed at the start and termination of each 
transect, and at no greater than 20 m centres along the transect length, the nature of the terrain is 
such that rocks, fallen trees, and other vegetation made it difficult to ensure transect lines are in 
exactly the same position as they were previously. It is conceivable that the placement of transects 
was such that a different set of burrows was encountered in each year. However, if the transects were 



 

 
- 14 - 

 

representative of each colony, it would be expected that there would be both negative and positive 
differences in counts. In fact, there was a negative difference for 11 of 12 transects at the Study 
Colony (Table 2) and 3 of 4 transects at Rowe 1. Only for the Liddys 1 and 2 colonies was the pattern 
of differences evenly spread (Table 2). At present the area of transects for the Study Colony is 10.5% 
of the total area of the colony 
 
Baker and Double (2007) identified Study, Rowe1 and Liddys 1 and 2 Colonies as suitable for long-
term monitoring. Permanent transects have been established in these areas to facilitate this (Baker et 
al 2007). Following a request by DOC we have also established permanent transects at almost all of 
the 10 colonies we have visited to date, to facilitate ongoing monitoring at some time in the future, if 
so desired by others. As stated in our earlier reports, there would be considerable benefit if long-term 
population monitoring at more colonies was to flow on from this project. 
 
With one years funding remaining on this project, we will attempt to survey the remaining 16 breeding 
sites identified by Wood (2006). Most of these sites are small but nonetheless pose a considerable 
challenge to locate and identify the colonies that exist within these areas. Based on burrow counts in 
Wood (2006), we would expect that approximately 1,300 occupied burrows may exist in these areas, 
which would indicate the global population of the Westland petrel to be in the order of 4,000 annual 
breeding pairs.  
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Tables 2 ― 7 and Figures 
 
Table 2. Counts of Westland petrel burrows on 94 colony and 43 survey transects of variable 
length established at the 10 Breeding Sites examined in 2007 and 2008. Counts were 
conducted during May and June 2007, and March and May 2008. A total of 16 colonies were 
identified in systematic searches of the 10 breeding sites. 
 
 

Colony 
No. 

Area / Colony Transect 
type 

Backbon
e No 

Transect 
No. 

Transect 
length  

Potential 
burrows 

     
(m) 2007 2008

 Bees Nest Area       
      

2 Bees Nest Search BN1B 09 25 2
2 Bees Nest Search BN1B 11 22 0
       

2 Bees Nest Colony BN1A 00 25 0
2 Bees Nest Colony BN1A 01 54 5
2 Bees Nest Colony BN1A 02 41 9
2 Bees Nest Colony BN1A 03 59 1
2 Bees Nest Colony BN1A 04 62 10
2 Bees Nest Colony BN1A 05 64 10
2 Bees Nest Colony BN1A 06 32 8
2 Bees Nest Colony BN1A 07 47 5
2 Bees Nest Colony BN1A 08 20 0
2 Bees Nest Colony BN1A 09 22 4
2 Bees Nest Colony BN1A 10 20 3
2 Bees Nest Colony BN1A 11 25 0

 Bees Nest Colony - 
Totals    471  55

 Dougies Bluff Area       
      

4 Dougies 1 Colony DB1 01 125 10
4 Dougies 1 Colony DB1 02 19 7
4 Dougies 1 Colony DB1 03 20 2
4 Dougies 1 Colony DB1 04 15 6
4 Dougies 1 Colony DB1 05 23 3
4 Dougies 1 Colony DB1 06 10 2

4 Dougies  1 Colony - 
Total    212   30

4 Dougies 2  Colony DB2 01 123 1
4 Dougies 2  Colony DB2 02 20 7
4 Dougies 2  Colony DB2 03 19 4
4 Dougies 2  Colony DB2 04 25 1
4 Dougies 2  Colony DB2 05 25 2
4 Dougies 2  Colony DB2 06 30 3
4 Dougies 2  Colony DB2 07 33 3

4 Dougies 2 Colony - 
Total    275   21

4 Dougies 3  Search DB3 01 360 0
4 Dougies 4  Search DB4 02 120 0

 Dougies Bluff Area- 
Totals    967  51

7 Solomans & Reub's 
Area 
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Colony 
No. 

Area / Colony Transect 
type 

Backbon
e No 

Transect 
No. 

Transect 
length  

Potential 
burrows 

     
(m) 2007 2008

7 Solomans 1  Colony SL1 00B 60 7  
7 Solomans 1  Colony SL1 01B 35 0  
7 Solomans 1  Colony SL1 02B 100 7  
7 Solomans 1  Colony SL1 03B 60 5  

7 
Solomans 1 Colony - 
Total    255 19   

7 Solomans 2  Colony SL2 00 100 18  

7 
Solomans 2 Colony - 
Total    100 18   

7 Solomans 3  Colony SL3 00 35 17  
7 Solomans 3  Colony SL3 01 94 43  

7 
Solomans 3 Colony - 
Total    129 60   

 Solomans and 
Reubs Area - Totals    484 97  

 Study Area       
      

10 Study colony Colony MN1 00A 82 18 14
10 Study colony Colony MN1 00B 60 18 12
10 Study colony Colony MN1 01A 100 18 13
10 Study colony Colony MN1 01B 70 21 14
10 Study colony Colony MN1 02A 100 25 13
10 Study colony Colony MN1 02B 94 28 13
10 Study colony Colony MN1 03A 55 23 25
10 Study colony Colony MN1 04A 100 50 28
10 Study colony Colony MN1 05A 100 29 21
10 Study colony Colony MN1 06A 80 13 8
10 Study colony Colony MN1 07A 80 13 6
10 Study colony Colony MN1 08A 27 27 25

 Study Area - Totals    948 283 192

 Middle Area       
      

14 Middle Area Search MCA 01 34  0
14 Middle Area Search MCA 02 25  0
14 Middle Area Search MCA 03 26  0
14 Middle Area Search MCA 04 19  0
14 Middle Area Search MCA 05 33  0
14 Middle Area Search MCA 06 46  0
14 Middle Area Search MCA 07 27  0
14 Middle Area Search MCA 08 30  0
14 Middle Area Search MCA 09 23  0
14 Middle Area Search MCA 10 23  0
14 Middle Area Search MCA 11 34  1
14 Middle Area Search MCA 12 52  2
14 Middle Area Search MCA 13 52  0
14 Middle Area Search MCB 01 50  0
14 Middle Area Search MCB 02 15  1
14 Middle Area Search MCB 03 13  0
14 Middle Area Search MCB 04 20  0
14 Middle Area Search MCB 05 17  0
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Colony 
No. 

Area / Colony Transect 
type 

Backbon
e No 

Transect 
No. 

Transect 
length  

Potential 
burrows 

     
(m) 2007 2008

14 Middle Area Search MCB 06 20  0
14 Middle Area Search MCB 07 35  0
14 Middle Area   MC1 08 45  0

       
14 Middle 1  Colony MC1 01 145 1
14 Middle 1  Colony MC1 02 42 8
14 Middle 1  Colony MC1 03 32 13
14 Middle 1  Colony MC1 04 45 2
14 Middle 1  Colony MC1 05 60 2
14 Middle 1  Colony MC1 06 60 1
14 Middle 1  Colony MC1 07 60 4

14 
Middle 1 Colony - 
Total    444   31

14 Middle 2  Colony MC2B 01 70 15
14 Middle 2  Colony MC2B 02 44 5
14 Middle 2  Colony MC2B 03 10 0
14 Middle 2  Colony MC2B 04 10 0
14 Middle 2  Colony MC2A 00 49 6
14 Middle 2  Colony MC2A 01 42 7
14 Middle 2  Colony MC2A 02 53 3
14 Middle 2  Colony MC2A 03 65 6
14 Middle 2  Colony MC2A 04 89 11
14 Middle 2  Colony MC2A 10 40 3

14 
Middle 2 Colony - 
Total    472   56

 Middle Area 
Colonies - Totals    916   87

 262 East Colony       
      

17 262 East Colony E1 01 23 2
17 262 East Colony E1 02 22 7
17 262 East Colony E1 03 20 2

 
262 East  Colony- 
Total    65   11

17 262 East Search E1 04 52 0
17 262 East Search E1 07 32 1
17 262 East Search E1 08 24 0
17 262 East Search E1 09 31 1
17 262 East Search E1 10 37 0

     176   2

 262 East Area - 
Totals    241  13

 Rowe Area       
      

18 Rowe 1  Colony RO1 01 B 40 3 *
18 Rowe 1  Colony RO1 02 A 100 35 26
18 Rowe 1  Colony RO1 02 B 40 3 *
18 Rowe 1  Colony RO1 03 A 100 18 19
18 Rowe 1  Colony RO1 03 B 40 1 *
18 Rowe 1  Colony RO1 04 A 197 24 23
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Colony 
No. 

Area / Colony Transect 
type 

Backbon
e No 

Transect 
No. 

Transect 
length  

Potential 
burrows 

     
(m) 2007 2008

18 Rowe 1  Colony RO1 05 A 80 12 10
18 Rowe Area - Total    597 96  

 Liddys Centre Area       
      

19 
Liddy's 1 - formerly 
Rowe 2 Colony RO2 00A 40 5 7

19 
Liddy's 1 - formerly 
Rowe 2 Colony RO2 01A 80 2 4

19 
Liddy's 1 - formerly 
Rowe 2 Colony RO2 02A 102 14 15

19 
Liddy's 1 - formerly 
Rowe 2 Colony RO2 03A 60 11 10

19 
Liddys 1  Colony - 
Total Colony   282 32 36

19 
Liddy's 2 - formerly 
Rowe 3 Colony RO3 00B 62 7 11

19 
Liddy's 2 - formerly 
Rowe 3 Colony RO3 01B 20 2 5

19 
Liddy's 2 - formerly 
Rowe 3 Colony RO3 02B 84 15 14

19 
Liddy's 2 - formerly 
Rowe 3 Colony RO3 03B 69 14 10

19 
Liddys 2  Colony - 
Total    235 38 40

19 Liddys 3 Colony L3 01 97 0
19 Liddys 3 Colony L3 02 88 11
19 Liddys 3 Colony L3 03 127 14
19 Liddys 3 Colony L3 04 191 19
19 Liddys 3 Colony L3 05 61 14
19 Liddys 3 Colony L3 06 45 11
19 Liddys 3 Colony L3 07 60 0
19 Liddys 3 Colony L3 08 63 5

19 
Liddys 3  Colony - 
Total    732  74

19 Liddys 4 Search L4B 01 131 0
19 Liddys 4 Search L4B 02 135 0

     266  0

 Liddys Centre Area - 
Totals    1249  150

 Studio Colony       
      

20 Studio Search ST1A 01 105 0
20 Studio Search ST1A 02 141 4
20 Studio Search ST1A 03 160 0
20 Studio Search ST1A 04 160 2
20 Studio Search ST1A 05 180 6
20 Studio Search ST1A 06 161 1
20 Studio Search ST1A 07 169 4
20 Studio Search ST1A 08 162 4
20 Studio Search ST1A 09 230  
20 Studio Search ST1A 10 225 0
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Colony 
No. 

Area / Colony Transect 
type 

Backbon
e No 

Transect 
No. 

Transect 
length  

Potential 
burrows 

     
(m) 2007 2008

 Studio Area - Totals    1693  21

     
   

 Liddys Top Colony       
      

21 Liddys Top Colony LT1A 01 37 1
21 Liddys Top Colony LT1A 02 40 13
21 Liddys Top Colony LT1A 03 50 7
21 Liddys Top Colony LT1A 04 60 8
21 Liddys Top Colony LT1A 05 26 6
21 Liddys Top Colony LT1A 06 20 0
21 Liddys Top Colony LT1A 07 14 0
21 Liddys Top Colony LT1B 01 17 2
21 Liddys Top Colony LT1B 02 20 6
21 Liddys Top Colony LT1B 03 25 3
21 Liddys Top Colony LT1B 04 25 3

 Liddys Top Colony - 
Totals    334  49
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Table 3. Number of potential burrows per 100m of transect for 17 colonies of Westland petrel 
in 2007 and 2008. Estimates for Rowe 1 colony have been split here into two sub colonies as 
counts for the Rowe 1B were not undertaken in 2008. 

Site 
No. 

Colony Year Density / 
100m2 

SE Lower 
95% Cl 

Upper 95% 
Cl 

              
     

2 Bees Nest  2007 no data 
  2008 11.68 3.42 4.84 18.51

4 Dougies  1  2007 no data 
  2008 14.15 3.76 6.63 21.67

4 Dougies 2  2007 no data 
  2008 7.64 2.76 2.11 13.16

7 Solomans 1  2007 7.45 2.73 1.99 12.91
  2008 no data 

7 Solomans 2  2007 18.00 4.24 9.51 26.49
  2008 no data 

7 Solomans 3  2007 46.51 6.82 32.87 60.15
  2008 no data 

10 Study Area  2007 29.85 5.46 18.92 40.78
  2008 20.25 4.50 11.25 29.25

14 Middle 1  2007 no data 
  2008 6.98 2.64 1.70 12.27

14 Middle 2   2007 no data 
  2008 11.86 3.44 4.98 18.75

17 262 East   2007 no data 
  2008 16.92 4.11 8.70 25.15

18 Rowe 1A 2007 18.66 4.32 10.02 27.30
  2008 16.35 4.04 8.26 24.44

18 Rowe 1B 2007 5.83 2.42 1.00 10.66
  2008 no data 

19 Liddys 1   2007 no data 
  2008 12.77 3.57 5.62 19.91

19 Liddys 2   2007 no data 
  2008 17.02 4.13 8.77 25.27

19 Liddys 3   2007 no data 
  2008 10.11 3.18 3.75 16.47

20 Studio Area 2007 no data 
  2008 1.24 1.11 0 3.47

21 Liddys Top IA 2007 no data 
  2008 14.17 3.76 6.64 21.70

21 Liddys Top 1B 2007 no data 
  2008 16.09 4.01 8.07 24.11
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Status No. Status Observer 1 Observer 2 Mean Proportion 
correctly 
identified

completion 
of laying 

completion 
of breeding 

- chicks 
fledged 

occupied 49 occupied 34 28 31 63.3% 41 20
empty 7 26
no data 2 1 3
unknown 15 19 17

empty 12 empty 5 3 4 33.3% 10 11
occupied 1 0
no data 1 1
unknown 7 9 8

unknown 22 unknown 22 20 21 0 0
occupied 6 1
empty 2 2 16 21

Total 83 83 83 83 83 83

Table 4: Occupancy status of 83 marked burrows fitted with inspection openings at Main Colony, Scotchmans Creek, 
determined at various stages of the 2007 breeding season. Two observers independently inspected burrows using hand-
grubbing, torch and digital cameras to determine if burrows were occupied, and then checked occupancy by removing 
inspection lids to verify burrow contents. 

Burrow occupancy status at 
time of field work 

Burrow contents 
identified by Observers 

Actual contents 
determined 

subsequently at:

 
 
 
 
 
Table 5. Corrected occupancy rate of 485 burrows at 4 colonies inspected with a 
burrrowscope in 2008. 
 

Area No Colony No. 
burrows 

inspected
Occupied Empty Unknown

No. % No. % No. % No. %

10 Study 187 57 30.5 119 63.6 11 5.9 71 37.7

18 Rowe 1 198 59 29.8 126 63.6 13 6.6 73 36.9

19 Liddys 1 50 17 34.0 32 64.0 1 2.0 21 42.1

19 Liddys 2 50 12 24.0 36 72.0 2 4.0 15 29.7

485

Burrow Occupancy

Corrected 
occupancy rate
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Table 6: Corrected and uncorrected burrow occupancy rates for Westland Petrel colonies in 
2007 and 2008.  
 

Area 
No 

Colony Burrow occupancy 
rate (uncorrected) % 

Burrow occupancy rate 
(corrected) % 

  2007 2008 2007 2008 

      
7 Solomans 1 20.6 42.6  

    
7 Solomans 3 35.7 66.5  

    
10 Study 37.3 30.5 74.1 37.7 

    
18 Rowe 1 18.4 29.8 40.4 36.9 

    
19 Liddys 1 15.2 34.0 33.9 42.1 

    
19 Liddys 2 24.0  29.7 
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Table 7. Estimated total number of burrows (bold type) and occupied burrows (unbolded type) 
for Westland petrel colonies surveyed in 2007 and 2008, based on scaled up counts for 
'potential burrows'. Burrow occupancy rates for Rowe 3 and Solomans 2 colonies were not 
estimated in 2007 and we have used rates from Rowe 1 and Solomans 3, respectively. For 
colonies in 2008 where colonies were not burrowscoped, we have used the mean corrected 
occupancy rate (0.366) of the four colonies examined. Where occupancy rates have been 
obtained from other colony data, they are indicated by shading. Note that in order to provide 
an estimate of the annual breeding population, 2007 data have been excluded from the total 
estimate of burrows and occupied burrows, except where these provide the only estimates for 
a colony (Solomans colonies). Estimates of numbers of burrows excluded from the totals are 
shaded. 
 

 

Colony Area (m2)   Burrow 
occupancy 

rate 
(corrected

) 

Estimated 
number of 
burrows 

Lower 
95% Cl 

Upper 
95% Cl 

        
2 Bees Nest  6,046 2008 0.366 353 146 560

    129 54 205
       

4 Dougies  1  723 2008 0.366 51 24 78
    19 9 29
       

4 Dougies 2  1,997 2008 0.366 76 21 131
    28 8 48
      

7 Solomans 1  4,102 2007 0.426 153 63 243
    65 27 103
       

7 Solomans 2  1,290 2007 0.665 116 8 224
    77 5 149
       

7 Solomans 3  2,596 2007 0.665 604 383 825
    401 255 548
    0   
10 Study Area  17,960 2007 0.741 2,629 2,190 3,069

    1,949 1,623 2,275
10 Study Area  17,960 2008 0.377 1,819 1,010 2,627

    686 381 990
       
14 Middle 1  5,648 2008 0.366 335 141 530

    123 51 194
       
17 262 East  418 2008 0.366 35 18 53

    13 7 19
       
18 Rowe 1 11,729 2007 0.404 848 640 1,056

    342 258 426
18 Rowe 1 11,729 2008 0.369 959 485 1,433

    354 179 529
       
19 Liddys 1  3,381 2007 0.339 187 90 284

    63 31 96
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Colony Area (m2)   Burrow 
occupancy 

rate 
(corrected

) 

Estimated 
number of 
burrows 

Lower 
95% Cl 

Upper 
95% Cl 

19 Liddys 1  3,381 2008 0.421 216 95 337
    91 40 142
       
19 Liddys 2  6,562 2007 0.404 518 276 760

    209 111 307
19 Liddys 2  6562 2008 0.297 558 288 829

     166 85 246
        
19 Liddys 3  5696 2008 0.366 288 107 469

     105 39 172
        
20 Studio Area 53,395 2008 0.366 331 0 926

    121 0 339
       
21 Liddys Top 1A 1,716 2008 0.366 122 57 186

    45 21 68
       
21 Liddys Top 1B 452 2008 0.366 36 69 207

    13 25 76
        
          

        
 Totals Burrows   6,053 4,839 7,266
  Occupied burrows  2,436 1,205 3,666
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Figure 1. Westland petrel breeding distribution. The dashed purple line indicates the 
Westland Petrel Special Protected Area, and the blue line the known breeding distribution.  
Source: Lyall et al. 2004. 
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Figure 2: The distribution of high density breeding sites of Westland petrels identified  
in Wood (2006).  Those sites named have been surveyed in 2007 and 2008. 
1 - Middle Bluff Colony; 2 - Bees Nest Colony; 3 - Fucawe Colony; 4 - Dougies Bluff Colony; 5 – 
3 Bluffs Colony; 6 - Viejo Colony; 7 - Soloman and Reubs Colony; 8 - Unnamed Colony; 9 - Power 
Barrow Colony; 10 - Study Colony; 11 - Track in; 12 - Robs Colony; 13 - Knoisy Knob; 14 - Middle 
Colony; 15 - Able colony; 16 - 262 West Colony; 17 - 262 East Colony; 18 - Rowe Colony; 19 - Liddys 
Centre Colony; 20 - Studio Colony; 21 – Liddy’s Top Colony; 22 - Back of Beyond Colony; 23 - 
Howard land; 24 - Lawson 2 Colony; 25 - Lawson 1 Colony; 26 - Lawson 3 Colony. 
 

 




