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Abstract
The breeding colony of Northern royal albatross (Diomedea sanfordi) at Taiaroa
Head is the only mainland breeding colony of any albatross species. Although it
represents only a small proportion of the total population of the species, the ease
of access to the colony has led to it becoming an important scientific and tourist
resource. Breeding records for the colony date back more than 60 years, and since
1968 daily observation records have been collected. The purpose of this thesis is
to present a design for a spatial information system (SIS) for the collection and
management of breeding and environmental data, and demonstrate the advantages
of such a system. This design is implemented in the form of a prototype SIS for
evaluation purposes. What sets this research apart from other studies that have
used geographic information system (GIS) software to assist wildlife management
is the amount and complexity of data and the time span over which it has been
collected. It is proposed that for these data to have maximum utility for wildlife
managers at Taiaroa Head, established structured system design and development
methodologies are required to ensure data are efficiently stored and important
relationships between data are retained.
Three experiments are carried out to evaluate the prototype SIS and demonstrate
the range of analyses that are possible. The first experiment inductively explores
the spatial relationship between nest site locations and the slope of the terrain at
Taiaroa Head—a type of analysis that is commonly used in habitat requirement
studies. The second explores the visibility of nest sites with the aim of assessing
proposed sites for the installation of video surveillance cameras. The aim of this
experiment was to show how the prototype SIS could be used to evaluate
proposed management actions in a manner that has no impact on the colony itself.
The final experiment explores spatial and temporal relationships that are
implicitly present in breeding data by extracting and describing nest dispersal
patterns exhibited by the progeny of one Northern royal albatross over five
generations. Finally the design and the implementation of the prototype SIS are

critically reviewed. It was found that the prototype was subject to two major
problems; it did not implement the relational data model according to the system
design specification and hard-copy output from analyses were difficult to obtain.
These problems arose from the GIS software used to implement the prototype but
they are not insurmountable and need not be an issue in an operational
implementation. Despite these problems, the prototype SIS did demonstrate that a
spatial information system provided significant improvements in the way data are
collected, managed, analysed and used in producing useful management
information.
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Chapter 1
Introduction

A small, but growing breeding colony of the Northern royal albatross Diomedea
sanfordi (Toroa)1 has been established at Taiaroa Head, at the tip of the Otago
Peninsula, since the first recorded attempt at breeding occurred in 1919 (Richdale
1939).

Although initial breeding attempts were unsuccessful, the pioneering

conservation efforts of Dr L. E. Richdale followed by those of the Wildlife
Service and the Department of Conservation (DoC) (Robertson 1993b) have
ensured the continuing existence and success of this unique colony.
Of 14 species of albatross in the world2, the royal albatross is one of the largest
(del Hoyo et al. 1992), standing up to 122cm tall, weighing up to 9kg and having
a wingspan of up to 3.2 metres. Distances have very little meaning to a royal
albatross which spends most of its life at sea, using lift generated from wind and
ocean swells to cover up to 1,200km a day (Robertson, 1997 pers. comm.) in its
circum-polar navigation of the southern ocean. The royal albatross only returns to
land to breed biannually, which, with the exception of Taiaroa Head, typically
occurs on remote offshore islands in the Chatham Islands group.

Small numbers of Southern royal albatross (D. epomophora) have also bred at Taiaroa Head and
cross breeding between the two taxa has occurred. The population is predominantly made up of
the northern taxa. The terms ‘royal albatross’ and ‘albatross’ that are used frequently in this
thesis refer specifically to the Northern royal albatross.
2
14 species and 21 taxa of albatross are officially recognised. However, recent gene sequencing
analysis suggests that there may be at least 24 separate taxa (Robertson, pers. comm.). The
Northern and Southern royal albatross are accepted as being separate taxa (Robertson and Nunn
in press).

1
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Because it is the only mainland breeding colony of any albatross species in the
world, Taiaroa Head provides a unique opportunity for visitors to the city of
Dunedin to view a seldom seen and spectacular species of seabird. A visitor
information and reception centre has been established on the headland, and guided
tours to an observatory at the edge of the colony are a major tourist attraction
during the breeding season.
Taiaroa Head is now managed as a reserve and wildlife sanctuary and refuge
under the Reserves Act 1977 and the Wildlife Act 1953 by the DoC, who are
responsible for the ongoing management of the reserves and protection of the
colony. A basic tenant of such a programme is to know and understand what is
being managed so management is effective and, most importantly, successful. To
this end the DoC have systematically collected data concerning the albatross at
Taiaroa Head as part of an on-going research and monitoring programme since
19513.

Data concerning individuals in the colony, where they nest, their

interactions with others in the colony and their offspring have been recorded on a
daily basis since 1968. This data set has been extended by the addition of those
data collected by Richdale and his successors, forming a continuous set of
observations dating back to 1935, which forms a critical resource from which
management actions are planned and evaluated.
The issue that is central to this thesis is one of how this resource can be used to
greatest effect in the planning, execution and evaluation of management practices
concerning the albatross colony.

The aim of this thesis is to describe the

development of a prototype spatial information system (SIS) using structured
system design and development techniques in order to meet the following
objectives:

• improve the systematic collection and management of data
concerning royal albatross, in a manner which preserves both the
spatial and non-spatial relationships between data items,

3

This programme was carried out by the New Zealand Wildlife Service from 1951 until the
creation of the DoC in 1987.
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• facilitate the integration of data concerning royal albatross with
spatial environmental (i.e. topographic) data concerning Taiaroa
Head, and

• allow these integrated data to be used in a range of analyses which
are not presently feasible and present the results of these analyses
graphically, providing useful management information that assists
in the management and protection of the colony.
The thesis begins by providing an introduction to Taiaroa Head in chapter 2 which
outlines its physical characteristics and describes the history of human and
wildlife activities that have led to the current scientific and tourism interests in the
headland. Chapter 3 defines the terms used in the thesis and reviews the manner
in which geographic information systems are predominantly used for wildlife
management. It is argued that these approaches are not sufficient in the case
Taiaroa Head and that a structured approach to the design and development of an
information system is warranted. Chapter 4 reviews existing data collection and
management practices. Problems associated with these practices are identified
and a system design is presented. The implementation of this design is discussed
in chapter 5. Chapters 6 and 7 document a series of experiments that were carried
out to demonstrate a range of analyses that could be performed with the prototype
system.

The objectives of each experiment are discussed, methodologies

described, results are presented and critically evaluated. A critical review of the
material presented in chapters 4 through 7 is presented in chapter 8 and
conclusions are stated in chapter 9.

3

Chapter 2
Taiaroa Head Background

The purpose of this chapter is to describe the physical characteristics of Taiaroa
Head and review the history of human and wildlife activities at the headland to
provide a background for the current conservation and tourism interests. The
development of a data set concerning the royal albatross at Taiaroa Head, their
behaviour and breeding activities is described. From this discussion it will be
seen that these conservation and tourism interests need to be managed in order to
meet the legislative requirements of the Reserves Act 1977 and that this imposes a
need to assess the impacts of these activities. The albatross data set provides a
valuable resource for such assessments and it is argued that by incorporating these
data in an information system, useful management information can be produced.

2.1 Introduction
The strategic location of Taiaroa Head at the entrance to the Otago Harbour has
meant that it has always been of significant importance to the activities of people
living in the region; originally for Maori and later European settlers. Today, it
also provides a breeding area for a variety of seabirds and sea mammals, the most
notable of which is the royal albatross. The albatross breeding colony is unique in
that it is the only mainland colony of any albatross species in the world, and it is
in close proximity to a major urban area.
For these reasons, the colony provides an opportunity for the scientific study of a
species that is otherwise inaccessible (other Northern royal albatross colonies are
found only on off-shore islands in the Chatham’s group). The striking appearance
4

Chapter 2
of the birds and their proximity to an urban area has led to the colony becoming
an increasingly popular tourist destination.

2.2 Description
Taiaroa Head (Figure 2.1) is located at the extreme tip of the Otago Peninsula, on
the southern East Coast of the South Island, New Zealand. The headland is
approximately 14 hectares in area and is some 32km by road from the central
urban area of the city of Dunedin, although it still lies within the city’s
administrative boundaries. The headland itself is a promontory consisting mainly
of grassy slopes rising to a height of 75 metres and giving commanding views
either up the Otago Harbour or along the coastline to the north. Surrounded by
sea on three sides, its coastline is made up of steep cliffs and rock outcrops. Part
of the terrain has been modified by the development of the heads as a defensive
fortification during the late 19th and early 20th centuries.

This has been

advantageous because it has provided many of the flat areas within the Nature
Reserve that albatrosses seem to prefer for nest sites. In fact, some areas of the
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Nature Reserve were specifically modified in the 1970s for this purpose (DoC
1992b).
The headland is of volcanic origin with basaltic flows underlying its western side
which are exposed at the coastline as cliffs and rock outcrops. Topsoil in this area
is a mixture of Otakou soils and Kaimata hill soils with sandy soil types in the
area of Pilots’ Beach and across the isthmus to the eastern cliffs (Leslie 1976).

2.2.1 Vegetation
The vegetation over much of the area used by albatrosses consists of exotic
grasses, reflecting the vegetation present at the time the Nature Reserve was
established and fenced. West facing slopes provide habitat for regenerating areas
of native blue and silver tussock species and west facing rock outcrops provide
habitat for native species of shrubs (Michelsen 1982). There are also extensive
mats of ice plant in the area of the Howlett Point and the Necks gun batteries (see
Figure 2.6, pg. 20) that were established to disguise the earthworks resulting from
the fortification of Taiaroa Head (DoC 1992b).
Vegetation in the various reserves at Taiaroa Head is subject to management
under the draft management plan for the area. It has been noted (DoC 1992b)
that, with the exception of some weed species, most of the plant species and the
communities they make up seem to be stable both in extent or distribution and
therefore require little in the way of active management. One form of vegetation
management that concerns the albatross however can be the mowing of the
pasture grasses in the Nature Reserve. This practice can serve to maintain a
network of firebreaks as well as making access to nest sites easier for the birds.
Since the birds tend to prefer to nest on or near these cleared areas it can also
make them more visible from the observatory. Mowing the grass however, tended
to increase the number of introduced blowflies, first found in the colony in 1986
(Mcgrouther, 1994 pers. comm.), increasing the risk of losing chicks through
flystrike. Mowing was discontinued in 1994 to reduce roosting sites for the
blowfly. Although this increases the fire hazard, the risk of a fire occurring is less
than the threat to albatross chicks that are posed by the blowfly.

6
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2.2.2 Climate
Taiaroa Head is very exposed and is therefore extremely windy, having an annual
mean hourly wind speed of 28km/h. This is some 7km/h higher than the mean
hourly wind speed of Wellington City, which is notable in this respect. Prevailing
winds come from the south-west during winter, the north in spring and autumn
and from the north-east in summer.
It is the combination of these high average wind speeds, the rising wind patterns
created by the topography of the headland and the extent of open areas resulting
from the mostly pastoral nature of the vegetation that creates suitable conditions
for the albatross. They prefer exposed sites, lacking tall vegetation to facilitate
take-off, and use grasses for both shelter and nest building material (del Hoyo et
al. 1992).

2.2.3 Legal Status
The legal classification of the land comprising the headland and the authorities it
has been vested in has constantly changed over the years according to the nature
of the human activities undertaken there and their profile. It is not the purpose of
this thesis to detail all of the shifts in legal status but it is worth reviewing those
that are pertinent to wildlife conservation. Figure 2.2 shows the current legal
status and extent of the reserves at Taiaroa Head.
Albatrosses have been recorded nesting at Taiaroa at least as early as 1919
(Richdale 1939) but this and subsequent attempts at breeding failed due to either
human or animal interference. It was not until 1937, when Dr L. E. Richdale
began a campaign to protect and promote the growth of the colony that the first
successful fledging of a chick resulted in 1938. Legal protection over the colony
was established in the same year, when legislation was passed under the Animal
Protection and Game Act 1921-22 declaring the colony a wildlife sanctuary, under
the control of the Otago Harbour Board (OHB).

The same year the OHB

constructed the first fence around the colony and was responsible for the issue of
permits granting access to the colony.

7
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Between 1961 and 1963 the OHB negotiated to transfer the vestment of this area
to the Department of Internal Affairs as a wildlife sanctuary under the Wildlife
Act 1953. In 1963 part of the lighthouse reserve (originally 17 acres at the tip of
the headland gazetted in 1869) and the crown land that contained the colony was
re-gazetted as a reserve for the protection of flora and fauna under the control of
the Minister of Internal Affairs. At this point, control of the reserve became the
responsibility of the Wildlife Service of the Department of Internal Affairs. In
1977 this reserve became a Nature Reserve when the Reserves Act 1977 was
enacted. The area of the Nature Reserve was extended in 1972 by transferring
more land from the lighthouse reserve including that part which contains the
Armstrong Disappearing Gun (see Figure 2.6 on page 20). The following year, an
agreement was reached between the OHB and the Department of Internal Affairs
that a section of the lighthouse reserve be covered by an easement as an additional
fly-off area for albatrosses and be fenced as part of the colony. Today a security
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fence restricting public access to the colony runs from the shore at the western end
of Pilots’ Beach across the summit of the headland to the top of the cliffs behind
the lighthouse. With access to the colony restricted from the land, there was
concern that the Nature Reserve could be accessed by boat so in 1979 a Foreshore
Sanctuary was declared around the shoreline of the reserve to prevent public
access by this means.

2.3 Human Activities
Taiaroa Head takes its name from a famous Kai Tahu fighting chief (Goodall and
Griffiths 1980) and today, through common usage, this name is applied to the
whole headland including the area of Pilots’ Beach and part of Waieri hill (see
Figure 2.2). This usage is probably somewhat mistaken since in the earliest
European maps it was applied only to the promontory at the northern tip of the
headland that the Maori named Te Rae Otupa (Knight 1979). The area at the
summit of the headland was named Pukekura, after the pa site that was located
there.
Its commanding situation at the entrance to the Otago harbour and extensive
views down the harbour and along the coastline to the north has meant that it has
long been of strategic importance to human activities in the region, initially to
Maori and later to European settlers.

2.3.1 Maori Settlement
Maori settlement in the southern South Island was thought to have begun with
fairly frequent migrations by Te Rapuwai & Waitaha iwi between the 10th and 15th
centuries (Anderson 1983). This first wave of immigration was followed by Kati
Mamoe sometime during the 16th century and later by Kai Tahu in the late 17th
century (Anderson 1983; Goodall and Griffiths 1980). A fortified pa, Pukekura,
was established on the headland by the Kai Tahu about the time of their arrival in
the region. The pa was situated near the village of Rangi Pipi Koa on Waieri hill,
a Kati Mamoe settlement with whom Kai Tahu shared the Otago peninsula and
with whom conflict was frequent. Although Pukekura remained an important

9
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settlement for some two centuries, it had been abandoned by the time the first
Europeans arrived. Unfortunately, almost all archaeological evidence regarding
the location and topography of the pa have been destroyed by the extensive
modifications made to the area by the construction of defence installations at the
headland between the 1880s and 1940s. Remaining clues to the location of the pa
site were found and examined (Leach and Hamel 1978) in 1972 when an area of
midden was uncovered during modification of an access track in the Nature
Reserve.
Archaeological evidence from the period 1550-1800 is strongly centred on this
region of the Otago-Southland coastline (Anderson 1983). Estimates vary but it is
believed that by the time Europeans began settling in the area during the early
1800s the Maori population in the vicinity of Taiaroa Head numbered several
hundred (the population on the peninsula itself was thought to be several
thousand). However, the Europeans brought with them diseases to which the
Maori had no resistance. An outbreak of measles in 1835-6, followed shortly after
by an outbreak of influenza, reduced the Maori population to such an extent that
when the first census was carried out in the 1840s, the Maori population in Otago
numbered 400, 110 of whom lived in the area of Taiaroa Head (Goodall and
Griffiths 1980).
On the 31 July 1844 Taiaroa Head was sold by Kai Tahu to the New Zealand
Company as part of the 400,000 acre (161,877ha) Otago Block sale for the sum of
£2,400 (Knight 1979). A one acre area of land at Pukekura (the Otakou Maori
Reserve in Figure 2.2) was excluded from the sale as one of four ‘native reserves’
set aside for the Iwi’s own use.

2.3.2 European Settlement
It is not certain when the first Europeans entered the Otago harbour. Captain
James Cook sailed past the area on February 24, 1770 and named Mt. Charles and
Cape Saunders on the peninsula. Weather and time constraints prevented him
from finding the harbour entrance, but he did note the presence of two bays to the
north of the cape that might offer safe anchorage; one of which was the harbour
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entrance (McLintock 1949). The first recorded ship to enter the harbour was the
sealing schooner Unity in 1809-10. Knight (1979), however, suggests that it is
unlikely that this was the first European ship since the area was popular with
sealers and whalers of the time, most of whom did not keep accurate records.
The first European activities at Taiaroa Head were concerned with the provision
of navigational aids for ships entering the harbour. In 1849, there was a collection
of five buildings on the isthmus making up the pilots station and a signal flagstaff
that was superseded in 1865 when the ‘Tairoa Head’ (original spelling) lighthouse
became operational. (This lighthouse still operates and is the fourth oldest in New
Zealand.) In addition to the lighthouse, Port Otago Ltd. presently operates a radio
and radar equipped signal station that coordinates shipping activities for southern
New Zealand and most of the South Pacific.
The activities that undoubtedly had the most significant impact on Taiaroa Head
were those that were associated with the military fortification of the headland.
“Russian scares” in 1878, 1885 and 1894 led to the fortification of all the main
seaports in New Zealand, including Port Chalmers. Further “Russian scares” in
the early 1900s, then World Wars I and II, saw continued expansion and
upgrading of Fort Taiaroa. In all there were three fixed gun batteries: the Neck
battery, Channel battery, Howlett Point battery and an emplacement at Tarewai
point that became the foundations of the Richdale Memorial Observatory (see
Figure 2.6 on page 20). In addition to these batteries an Armstrong Disappearing
Gun was installed in 1895 as the primary armament (Today, it is the sole
remaining armament in situ, having been restored and made available for public
viewing). Supporting infrastructure included the construction of a parade ground,
barracks, electric power generation facilities, water supply and storage systems,
septic systems and rubbish disposal chutes into the sea. The topography of the
headland itself was also significantly altered by an extensive network of tracks
and tunnels that connected these facilities with the batteries and created a
considerable number of flat areas on the headland that albatrosses would later find
suitable for nesting sites.
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By the 1950s the defensive role of the headland had ceased and many of the
structures associated with it were removed. Since this period the primary human
activities at the headland have focused on the protection of the albatross colony,
the operation of the signal station and, since 1971, the development of visitor
facilities for the colony and later the disappearing gun complex. Not including
wartime, the peak of human activities brought together a resident community of
over 100 people in the 1890s who were variously associated with the Marine
Department, Harbour Board and Defence Department. The population warranted
the establishment of a school, prison and a post and telegraph office (Knight
1979). The legacy of these activities are a few remaining structures that are of
historic significance and have a tourism value in their own right

2.4 Wildlife Activities
Today, Taiaroa Head provides a suitable habitat in which a variety of sea
mammals and seabirds have established breeding colonies. This has probably
always been the case historically, but the level of wildlife activity at the headland
since human settlement has been determined by the extent, intensity and nature of
human activities. Figure 2.3 shows the distribution of Stewart Island and spotted
shag, Southern blue penguin, sooty shearwater (muttonbird), red-billed gull and
Northern royal albatross. The shoreline around the headland is also an important
haul-out and breeding area for New Zealand fur seals; as many as 250 of these
animals can be found there during January and February. Hooker’s sea lions,
Southern elephant seals and leopard seals are also occasionally seen.
As well as the albatross, these wildlife populations are of significant conservation
value in their own right, and Taiaroa Head is considered vital to the protection of
many of the species found there (Stewart 1989). The sooty shearwater colony is
part of one of the few remaining mainland sites of this species. The Stewart
Island shag, spotted shag, and fur seal colonies form breeding population centres
for these species in the area (DoC 1992b). The establishment of Nature Reserve,
wildlife sanctuary and refuge status over Taiaroa Head has resulted in all species
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of flora and fauna found there coming under the protection of the DoC, to ensure
and encourage their continued presence.
However, it is the presence of the Northern royal albatross that makes Taiaroa
Head unique. The presence of this albatross, and the scientific and public interest
in this species that been primarily responsible for the predominance of
conservation and tourism activities in recent times. Other breeding colonies of
Northern royal albatross are found at the Sisters and Forty Fours Islands in the
Chatham Islands group (44ºS, 176ºW), 800 kilometres east of New Zealand. The
total world population of this species is estimated to between 6,500 and 7000
breeding pairs (Robertson in press).

The Southern royal albatross is also an

occasional visitor to the Taiaroa Head colony and some cross breeding between
the two species has occurred. The main breeding colonies of this species are
found on the Auckland (50º40’S, 166º10’E) and Campbell Islands (52º30’S,
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Figure 2.3 Distribution of Seabirds (from DoC 1992)
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169º10’E) which together support a breeding population of approximately 7,500
pairs (del Hoyo et al. 1992).

Although the breeding population of 27 pairs

(Robertson in press) at the Taiaroa Head colony is small by comparison, the
accessibility of the population has provided an opportunity for a detailed and
long-term scientific and management study of the species that could not be carried
out otherwise.
Data concerning the behaviour, breeding patterns and life cycle of the royal
albatross have been routinely collected since the appointment of a full-time
wildlife ranger, employed by the Department of Internal Affairs, in 1951 and on a
daily basis since 1968 (Robertson 1993b). Similar, but less continuous, data
dating back to the 1930s has also been recorded through the pioneering efforts of
Dr. L. E. Richdale. Altogether, this data set represents what is probably one of the
longest and most detailed seabird population studies ever undertaken.

2.5 Conservation and Tourism
2.5.1 Conservation
Even with all the human activity, albatrosses had been seen in the area as early as
the 1890s (DoC 1992b), and archaeological evidence indicates that albatrosses
may have formed part of the diet of Maori at Pukekura in pre-European times
(Leach and Hamel 1978). After the first recorded nest in 1919, albatrosses have
attempted to breed at Taiaroa Head every year, but until 1937 all of the attempts
failed due to the “thoughtless, curious and often vandalistic behaviour of man”
(Robertson 1971, pg. 46). The on-going campaign to protect the birds began
through the personal efforts of Dr. L. E. Richdale; during the 1937/38 breeding
season he decided to protect a pair of birds that had been attempting to breed for
some years. Richdale spent a total of 120 days at the nest area and his efforts
were rewarded when the first albatross chick fledged on September 22, 1938
(Richdale 1939). Legal protection of the breeding area was established later that
year with the declaration of a sanctuary (see Section 2.2.3). The OHB, who
erected a fence around the breeding area and later built a hut for Richdale’s
observations, was responsible for issuing permits to enter the sanctuary.
14
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However, apart from the work of Richdale, there was no formal conservation or
management of the colony until a full-time ranger was employed by the
Department of Internal Affairs in 1951.
Formal control and management of the (then) flora and fauna reserve containing
the colony was vested in the Minister of Internal Affairs in 1963. In 1987 DoC
took over the responsibilities for the Nature Reserve and the colony from the
Wildlife Service of the Department of Internal Affairs. These responsibilities
include:

• day-to-day management of the Nature Reserve and its contents,
including flora, fauna and historic structures,

• management practices undertaken to help increase the breeding
success of the albatross colony (e.g. predator control),

• collection of scientific monitoring data concerning the albatross,
and

• the strict control of access to the Nature Reserve, undertaken in
accordance with Section 20, Subsection 2b of the Reserves Act,
1977.
The management and protection of the colony has resulted in a steady increase in
the adult breeding population and breeding success rates as high as 66% (see
Figure 2.4). These improved rates are in part due to a reduction in the number of
chicks that are lost through human interference and predation. However, human
intervention is central to the success of the colony.

The colony is not yet

considered to be self-sustainable without active management and direct
intervention in the form of fostering and hand rearing of chicks as required when
parents are lost or desert the nest.
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Figure 2.4 Breeding success rates at Taiaroa Head, 1935 – 1996 (data compiled C.J.R.
Robertson, DoC)

The department’s mandate to manage the Nature Reserve containing the colony
arises from Section 20, Subsection 2d of the Reserves Act, 1977, which states
that:
Where scenic, historic, archaeological, biological, geological, or
other scientific features are present on the reserve, those features
shall be managed and protected to the extent compatible with the
principal or primary purpose of the reserve.
Underlying this requirement for management is an implied need to know and to
understand what is being managed (McNeely et al. 1990). In accordance with this
tenet, the DoC has produced a resource inventory and draft management plan for
the headland (DoC 1992a). But the development and administration of wildlife
management programmes is a complex process that involves the consideration of
many, often interrelated, factors.

Management decisions may create ripple

effects, whereby the solution to one problem may create suitable conditions for
another to develop. For example, mowing fire breaks created suitable roosting
sites for a recently arrived species of blowfly, which led to an increase in chick
mortality from flystrike.

2.5.2 Tourism
The striking appearance of the royal albatross and its rarity on the mainland has
always provoked an intense amount of interest.

At first this interest only
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succeeded in foiling any breeding attempts. The publicity surrounding the first
successful hatching, rearing and flight of a chick only attracted more people
demanding access to the colony. It was in response to these demands that fences
were erected around the colony and a wildlife sanctuary was proclaimed. Even
with entry granted only by the issue of a permit, losses of eggs and chicks
continued to occur and prosecutions, even when successful, had little affect as a
deterrent. In 1955 the OHB (then responsible for the issue of permits) took a
somewhat drastic step; resolving to issue permits only to the Royal Family and the
Governor General.
Public access was controlled in this manner until 1972 when, after four years of
negotiation between the Otago Peninsula Trust (OPT), and the Wildlife Service of
the Department of Internal Affairs, the first public observatory was constructed
and opened. This allowed the public to view the albatross colony under controlled
and guided conditions.

The OPT administers and undertakes all financial

responsibility for public viewing in the colony (under certain permitted
conditions) while the Wildlife Service, later the DoC retain the power to close
access at any time and to set the days and hours the observatory is open. As well
as the observatory, the OPT now conducts tours to the restored disappearing gun
complex within the colony via an underground access tunnel, and operates a
visitor information and reception centre, the Trustbank Royal Albatross Centre
(see Figure 2.6, pg. 20), on part of the Lighthouse Reserve (see Figure 2.2) that is
leased by the OPT.
The numbers of tourists viewing the colony has increased dramatically in the
1990s, since the opening of the new and larger Richdale Memorial Observatory
(see Figure 2.5). Visitors to the colony reached a peak in 1993 when 44,880
visited OPT observatories1. Despite these high numbers, it is estimated (DoC
1992b) that as many people are turned away at the visitors centre as those who
visit the colony. The limits on the viewing season and the hours of opening
combined with the numbers of visitors wishing to view the colony places pressure
on the facilities available and, although controlled viewing has no direct influence
1

This figure represents visitors to both the Richdale observatory and the Armstrong disappearing
gun complex.
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Figure 2.5 Annual visitors to OPT observatories, 1972 - 1997 (compiled by
C J R Robertson from data provided by the OPT)

on the productivity of the colony, it has influenced the distribution of nest sites
(Robertson 1993a; Robertson in press).

2.6 Conservation and Tourism Management Issues
Tourism activities at Taiaroa Head introduce a level of complication for
conservation management of the Nature Reserve.

The DoC is committed to

accommodating the reasonable interests of visitors and concessionaires, such as
the OPT, so that visitors to the headland can be provided with a pleasant,
informative and rewarding experience.

However, these needs can only be

accommodated in the context of legislative requirements for the protection of the
Nature Reserve and all of its contents – not just the royal albatross. Therefore
there is a need not only to assess and manage the impacts of conservation
management activities, but also to assess and manage the impacts of tourism
activities. This translates into a requirement for management information with
which such impacts may be assessed, and which may be used to make objective
judgements regarding the efficacy of management strategies.
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2.7 Conclusion
In this review of the human and wildlife activities at Taiaroa Head it can be seen
that the management of the Nature Reserve protecting the albatross colony
(indeed all flora, fauna, physical habitat and cultural and historic sites included
within the reserve) revolves around conservation and, where compatible, tourism
objectives. Effective management of the Nature Reserve can only occur where
there is a good understanding of the complex interactions that occur and part of
this understanding comes from being able to assess the impacts arising from
conservation and tourism activities.

Such an assessment establishes the

requirement for timely and relevant information. The DoC possess a data set
concerning the albatross population that has been meticulously collected over the
past sixty years in the form of maps and tabular data, that has the potential to
provide such information, providing it can be stored and retrieved efficiently for
analysis purposes. Incorporating these data into a structured, spatial information
system would facilitate this.
The following chapter develops definitions of terms used in this thesis and
investigates the use of spatial information technology in the domain of wildlife
management. It examines how the approaches used are limited in the case of
Taiaroa Head and why the application of established structured system design and
development techniques are advantageous in this case.
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Figure 2.6 Taiaroa Head features
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Spatial Information Technology for
Management of Wildlife Data

This chapter has two aims. First, a definition of geographic information systems
(GIS) is presented, and working definitions of terms used in wildlife management
are developed. Second, this chapter reviews approaches to the management of
data relating to wildlife, particularly those data necessary for the management of
wildlife and/or their environment. This includes a brief overview of limitations in
undertaking environmental studies prior to the advent of GIS, and a brief
description of traditional methods of habitat analysis. This is followed by a case
review of GIS-based approaches to wildlife management, and hybrid approaches
that combine GIS with other techniques. From the review it is apparent there are
few cases concerning individuals in wildlife populations. It is found that GIS is
typically used for short-term studies where the purpose is to define habitat
associations as a proxy for actual habitat requirements, which may then be used to
predict the extent of suitable habitat in order to protect or restore such areas.
Following the review, an argument is put forward that a more structured approach
to the use of GIS is advantageous, particularly in cases where data concerning
individuals or groups of individuals in a population, as well as their habitat must
be managed. Such cases would involve data sets that exhibit complex, many-tomany relationships between data items. Taiaroa Head is a good example of such a
case for although it is not a large data set, it does contain some complexity and is
therefore useful for illustrating how such systems can be developed.
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It is stressed that the emphasis of this review is not on zoological or biological
aspects of wildlife management. It is specifically concerned with how data are
managed and used in an information systems context generally, and within a GIS
context in particular.

3.1 Introduction
Before beginning this review it will be useful to examine why wildlife and the
environment they inhabit require management, and how this creates a need for
tools that assist in developing an understanding of species’ and their requirements.
Wildlife and habitat management are generally considered to be components of
nature conservation1 which, according to O’Conner et al. (1990) occurs for three
broad, but interrelated reasons; ethical, ecological and economic. Ethical motives
involve the concepts of a species ‘right to exist’ or their ‘intrinsic values’ while
ecological and economic motives have a more utilitarian basis.

Ecological

motives argue that the extinction of a species has a high opportunity cost to
humans — that the opportunity to make use of it has been lost, but there are also
elements of risk involved. McNeely (1990) states that the species and ecosystems
that human survival depends upon are still poorly understood, therefore extinction
of species or ecosystems also represent a potential risk to the survival of mankind.
Utilitarian rationale tend to be homocentric as a species value is viewed in terms
of the extent to which it serves human beings, or facilitates our welfare or
happiness (Callicott 1986). An example of this view is typified by Wood (1983,
pg. 119), who states :
The direct manipulation of animal populations is normally practised
only if they have a significant value to man, and so warrant some
expenditure. These manipulations may be one of three kinds.
(1) The number of animals in the populations may be reduced, either
because it is considered to be an undesirable or pest species, or
because it may provide a utilizable resource which is taken
without due thought to continuing exploitation.
(2) Species whose numbers are considered to be too small or whose
geographical range is considered insufficiently extensive may be
1

This term will be defined in the following sections.
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manipulated so as to become more numerous or widespread;
generally these are species which may provide cultural benefits to
man, varying from aesthetic enjoyment to research.
(3) There are those species which may provide material resources of
considerable value, which are managed so as to stabilize their
population at some optimal level and thus provide a sustainable
yield.
In order to effectively manage species, for whatever reason, there is a requirement
for accurate information (McNeely et al. 1990). The more that is known about
plant and animal species, the better the chances of successfully manipulating
them.

Likewise the more that is known about how habitats and ecosystems

function, the better they can be managed and restored (Spellerberg and Hardes
1992). In the last decade approaches to the study of ecology have also expanded
from only considering interactions at the population and community scales to
include interactions between species, and between species and their environment
at larger landscape scales. Achieving this requires an ability to store information
about, and construct models of, areas that are geographically larger than those
traditionally considered (Angelstam 1992; Bridgewater 1993).

This usually

increases the amount and complexity of the data required. Wildlife managers
recognise that GIS can provide the sort of tools necessary for the storage,
management and analysis of the large volumes and variety of environmental data
involved that are either implicitly or explicitly spatial in nature (Steyaert and
Goodchild 1994; Townshend 1991). Norton epitomises this view when he states
that:
The key to the successful longterm management of wildlife (plants and
animals)… is clear. A capacity to make sensible statements about the
(distribution and abundance) biota, landscape processes and their
interactions in space and time is required. (Norton and Williams
1990, pg.231).
At the application level however, the focus in wildlife management, as will be
seen in the review to follow, is on the management of habitat as this is seen as the
best means by which species can be protected (McNeely et al. 1990). Since
wildlife do not exist in isolation, but depend on their environment for sustenance
and protection, developing an understanding of habitat requirements and means
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for the protection of habitat is often the best means of protecting the species itself
(Griffiths et al. 1993). Also, at a practical level, populations are rarely mapped
(Johnston 1993) because the individuals in the population may be too small to be
remotely sensed and manual methods of capturing such data are time consuming
and expensive. If the target species is highly mobile, it may also move about
within a range to such an extent as to make population maps of little use. In such
cases, maps of the habitat extent can be a useful proxy for the species itself.

3.2 Definition of Terms
3.2.1 Geographic Information Systems
Most definitions of GIS involve four basic functions of data input, storage,
analysis and output (Goodchild 1987; Marble 1987), and as such share many
features in common with other forms of information systems. But because GIS
are used in a wide variety of application domains such as land information
systems (LIS), asset management/facilities management (AM/FM), market
analysis, environmental studies, etc., definitions can become somewhat confused
(see Cowen 1988). The common feature of all definitions of GIS is that they are
systems that deal with spatial data that has a geographic component (i.e. a
location) and a non-geographic attribute component (sometimes referred to as
‘aspatial data’) (Maguire 1991). What distinguishes GIS from other forms of
spatial information systems (SIS) such as computer aided design (CAD),
cartographic and remote sensing systems, which also deal with spatially
referenced data is the ability to conduct spatial analyses on these data (Goodchild
1987).

Maguire (loc cit.) notes that the terms SIS and GIS are often used

interchangeably but argues that GIS is more specific since locational data are
referenced in geographic units, which is not necessarily the case for SIS. In this
thesis the more general term SIS will be used when referring to the prototype
system that is developed to manage albatross data, and the term GIS will be used
when referring to particular software packages such as Genamap2.

2

A GIS developed by Genasys Inc.
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3.2.2 Environmental terms
It has been noted above that wildlife and habitat management are components of
nature conservation which is broadly defined as “the protection in perpetuity of
the ecological and genetic diversity of planet Earth” (O'Connor et al. 1990, pg. 7).
Protection of individual species is held to be inseparable from the protection of
genetic diversity, ecological interactions and processes, and genetic and
evolutionary processes, as these factors give rise to species richness. Nature
conservation should not be confused with natural resource management, which is
concerned with the manner and rate that natural resources are used.
The term habitat as used in this thesis refers to the environmental characteristics
within which a species exists or interacts. This may include any of the following
factors: species of flora and/or fauna that are required for sustenance or protection,
physical characteristics such as climate or topography, structural diversity (e.g. the
emergent, canopy, understorey and litter structural habitats that are found in
forests) and spatial diversity (e.g. the size and variety of vegetation patches).
Habitat management can therefore be seen as the activities that are carried out to
assess, protect and maintain the supporting habitat of a species.

Wildlife

management goes further to include the direct manipulation of the target species,
and/or other species with which the target species interacts; for example, the
trapping of pests and predators, and the fostering of chicks that occurs at Taiaroa
Head.
The assessment and analysis processes that are included in this literature review
are typically concerned with the habitat of whatever target species are being
studied. Therefore the terms ‘habitat assessment’ or ‘habitat analysis’ will be
used when discussing these studies. Because the management activities that occur
at Taiaroa Head include manipulation of both habitat and wildlife, the term
‘wildlife management’ will be used to refer to activities at Taiaroa Head.
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3.3 Statistical Approaches to Habitat Analysis and
Management
Statistical approaches to modelling habitat requirements, species abundance, and
distribution typically follow a common procedure (Aspinall 1992; Aspinall and
Veitch 1993). Field surveys are carried out to measure habitat variables at sites
that are known to support the target species that are selected randomly to avoid
sampling bias. An empirical model is constructed using a range of numerical
statistical methods such as logistic and Poisson regression (Lindenmayer et al.
1991; Lindenmayer et al. 1990), chi-square and ANOVA (Bias and Gutiérrez
1992), and discriminant function analysis (Haworth and Thompson 1990; Krasnov
and Shenbrot 1996). Decision trees have also been used to develop rule-based
models of species distribution (Stockwell and Noble 1992).

Validity of the

empirical model is tested against a set of random sample sites to test that model
variables at known sites are different to a degree of statistical significance from
the set of random sites.

Because of the amount of effort involved in collecting sample data from field
surveys, such data are typically collected at small spatial scales and short temporal
scales (Michener et al. 1994). Extrapolation of these data may work well enough
for small areas, but it is usually not an appropriate technique at larger scales
(Johnston 1989), particularly where habitat variables exhibit gradients (see
Walker 1990). Purely statistical models can be limited due to loss of locational
information (Aspinall 1992), because spatial interactions are either ignored or
over simplified (Johnston 1993). The effects of spatial autocorrelation can also
limit the effectiveness of such models (Aspinall loc cit.). Statistical models used
in a non-spatial environment may also have limited use for prediction where field
survey is required to verify whether an area of potential habitat fits the model.
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3.4 Habitat Management and Analysis using GIS
3.4.1 Overview
The use of GIS for habitat management and analysis purposes can be grouped into
the following categories:

• development of habitat models using deductive methodologies
where habitat requirements are known, or inductive methods where
requirements are not known,

• prediction of areas of suitable habitat for one or a number of
species,

• identifying habitat critical to the presence of a species,
• targeting areas of habitat for protection or restoration, and
• assessing the impact of human land use on wildlife habitats.
Where the model is developed entirely with GIS, it is usually constructed using
the generic spatial operators that GIS typically provide. These include thematic
overlay, reclassification and sometimes distance buffering operations. Specific
methodologies are discussed on a case-by-case basis in the following section.

3.4.2 Case Reviews
Lyon et al. (1987) used a deductive approach to model the habitat requirements of
wood duck for predictive purposes in the Great Dismal Swamp Wildlife Refuge
(49,048ha, North Carolina/Virginia) using a raster-based GIS. The model was
also used to identify areas of less suitable habitat to be targeted for improvement.
Input variables (stored in the GIS as layers) included vegetation type, elevation,
drainage ditch location and flooding level maps (comprising sketch maps based on
field experience).

Vegetation types were weighted according to qualitative

estimates of their importance to wood duck, and distance buffers around ditch
locations were used as a habitat constraint. The habitat model was implemented
by spatial overlay analysis, and output was in the form of areas of suitable and
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sub-standard habitat.

Areas of sub-standard habitat are then targeted for

improvement.
The authors stated that the advantages of using a GIS were that it allowed the use
of multiple input variables and the ability to evaluate them either in isolation or in
combinations. The ability to adjust interactively the values of input variables,
particularly the height of flood levels, to conduct a form of ‘what-if’ analysis, was
also cited as an advantage.
questionable.

However, the quality of some input data was

The authors stressed the importance of model calibration (the

assignment of weights on input variables), verification of model outputs, and
performing sensitivity analysis on model parameters. However, none of these
were carried out on the GIS model.
Agee et al. (1989) used an inductive procedure to develop a sighting potential
model (based on habitat variables) for grizzly bears in an 850,000ha area in the
North Cascades, Washington, USA, based on 91 sightings over a period of 100
years. The model was developed by associating sighting locations with a 22-class
land cover data set, topography (slope, aspect and elevation) and precipitation
isohyets, sighting potential being a function of land cover type and land cover
diversity.

Land cover associations were tested by chi-square and G-statistic

analyses against a random set of 91 locations in the study area using GRASS3.
Again, the authors recognised the importance of verifying the models accuracy
but noted that this was difficult due to the rarity of grizzly bears in the study area.
Breininger et al. (1991) predictively mapped primary and secondary habitat of
Florida scrub jays from known habitat requirements (i.e. a deductive approach) on
the grounds of the Kennedy Space Center, an area of 57,000ha in central Florida,
USA.

The model was developed from colour infrared aerial photography

classified into 50 vegetation and land use types, soil data sourced from survey
maps, and the boundaries of fire management units. The objectives of the study
were to map areas according to their habitat potential, evaluate the accuracy of
these maps and estimate the importance of map classes to the population.
Subsidiary, but no less important, objectives achieved from an improved
3

A raster GIS developed by the US Army Corps of Engineers
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understanding of habitat requirements were the avoidance of habitat loss from
construction projects and the planning of management practices that would
increase the amount of available habitat. The model was implemented in a GIS
using a combination of reclassification, unweighted overlay and distance
buffering operators; a cartographic model of the process was documented (pg.
1469).
As with the cases mentioned previously, the authors of this study stressed the
importance of testing the accuracy of habitat models, and did carry out accuracy
assessments by testing the classification of the aerial photographs and model
predictions against data obtained from independent field studies. The authors
stated that they believed habitat studies based on sighting information may
produce misleading results, since sighting or radio tracking data may not be
accurate indicators of habitat requirements. They also issue a warning about the
apparent accuracy of maps generated by GIS.
Johnson et al. (1991) used a hierarchical ecological classification system (ECS) to
assess habitat suitability for the female black bear in the Ottawa National Forest,
Michigan, USA. The ecological classification system incorporates hierarchies of
climatic, geomorphic and ecological characteristics, of which two hierarchical
levels were used: land type association and ecological land type phase.

An

attribute table was formed for each level and linked to a single Arc/Info4
coverage. Other attributes used in the analysis, from which additional attribute
tables were created, were forage vegetation type, frequency and abundance, and
structural habitat components. Habitat suitability indices were then calculated by
weighting forage and structural components according to their importance to
black bear for each land type phase.
The authors argue that the use of an ECS in assessing habitat suitability has the
advantage of incorporating spatial variability (such as moisture and temperature
gradients), and the effect of combinations of variables over large regions (e.g.
Walker 1990). Weighted overlay models were viewed as limited in this respect.
While this may be true, the approach relies entirely on the availability of ECS data
4

Environmental Systems Research Institute, Redlands, California.
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and their quality. The authors noted that although the ECS represents potential
composition of a landscape; actual composition is also a factor of natural and
human disturbances. The accuracy of the spatial data used in this study was also
an issue, as original maps were produced to variable standards and required
extensive rubber sheeting before they could be used.
Yonzon et al. (1991) used a deductive approach to construct a habitat overlay
model for red panda in Langtang National Park, Nepal – an area of 1,719 square
kilometres. The habitat associations for the study area used in the model were
developed from prior studies. The purposes of this model were three-fold: to
identify core areas of red panda habitat, estimate the size of the population, based
on ‘ecological densities’, and identify areas of core habitat at risk from
surrounding land use practises.

Core habitat areas were derived by simple

reclassification of land cover, elevation and aspect maps as being designated
either suitable or unsuitable, based on radio tracking observations. All reclassified
maps were then overlaid to create a core habitat map; core habitat areas were
deemed to be those where all input variables were suitable (i.e. a binary overlay).
Distance buffering around these core areas and evaluation of the amount of human
land use types in the buffer areas, compared with the area of the habitat core,
formed the basis of the risk assessment. Population estimates were calculated by
multiplying the area of core habitat and an ecological density estimate.
Compared to the other cases reviewed, this is an extremely simple example of the
use of GIS for habitat analysis.

The authors noted that park managers in

developing countries face major problems in the lack of reliable information,
finance and staffing. This study demonstrated the use of GIS to produce useful
management information with a minimum of cost.
Sperduto (1993; Sperduto and Congalton 1996) developed and compared two
predictive overlay models, using a deductive approach, for a rare species of
orchid, the small whorled pogonia, in New Hampshire and Maine, USA. Both
models were developed from habitat variables (elevation, slope, aspect, soil type,
and forest and herbaceous cover types) at 26 known areas. One overlay model
was implemented using equal suitability weighting, while the second used weights
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representing the relative importance of each habitat factor were established by
univariate chi-square test. Each model’s predictions were tested by field study at
26 sites, 13 of which were not used in model development. The equal weight
model correctly predicted 39% of sites as potential habitat while the chi-square
model correctly predicted 78% of test sites. This more rigorous approach clearly
demonstrates the importance of appropriate weight assignment and model
validation.
Gatti et al. (1994) used GIS as an aid in the development of a habitat restoration
management plan for 21 wetland and grassland bird species in the Glacial Habitat
Restoration Area (217,000ha), Wisconsin, USA.

Because of the number of

species being considered, a more generalised approach to the construction of
habitat models was necessary; one model was developed for wetland species,
while four models were developed for the grassland species where habitat
requirements coincided. This generalised approach was taken on the basis that
restoration efforts could be targeted more efficiently using such an approach.
Data layers maintained in the GIS were more comprehensive, with fourteen layers
comprising land cover, bird abundance, soils, cultural features, cadastre,
hydrology and roads being maintained. The emphasis in this study was less on
the development of models for habitat assessment, but rather on the generation of
management plans. In this case a considerable amount of effort and time was
expended in development of the system (US$270,000 over a period of four years).
GIS proved to be effective for the integration and management of the large,
complex data sets obtained from a variety of sources. That a GIS approach was
flexible enough to allow the inclusion of new data and had the ability to
incorporate model adjustments rapidly were also seen as advantageous.

3.5 Habitat Management and Analysis using Hybrid
Approaches
3.5.1 Overview
The cases reviewed in this section look at habitat analysis studies where GIS is
used in combination with other—usually statistical—analytical tools that are not
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normally provided with GIS. This approach allows more complex, specialised
analyses to be undertaken than would be possible with the set of generic spatial
operators that are typically provided by GIS. Indeed, Aspinall (1994) cites a lack
of specialised analysis tools as one reason for the slow uptake in GIS in ecological
applications. In these approaches the role of GIS becomes one of data preprocessing, storage, management, and presentation of results, rather than as an
analysis tool. The analyses reviewed tend to be more fine-grained than those that
use GIS alone; measures of habitat suitability and predictions of species
distributions can be expressed in terms of probabilities of species presence or
absence instead of ordinal rankings or as a binary map.

3.5.2 Case Reviews
Walker (1990) compared two modelling techniques, classification trees and
logistic regression, integrated with GIS to inductively predict the distribution of
three species of kangaroo across Australia.

Distribution in this case was

expressed as a probability of presence or absence in terms of 12 climatic
variables. Walker used these techniques because, he argued, contemporary GIS
have limited capabilities for inductively determining relationships between
phenomena and environmental variables, particularly where relationships vary
between regions. Nevertheless, it can be seen from the previous section that GIS
are indeed used in this manner. The advantage of decision trees, according to
Walker, is their ability to account for local variations. They are, however, subject
to problems – notably that the accuracy of the model is directly related to the size
and complexity of the tree’s structure, and this in turn determines the amount of
training data required. The logistic regression modelling of species distribution
required two models to be developed for each species (since this form of
regression can only be used with a single determinant variable, i.e. one species is
present or absent), a latitude/longitude model and one for the climatic attributes.
Pereira and Itami (1991) used GIS combined with logistic multiple regression to
inductively model habitat suitability for Mt. Graham red squirrel in a part of the
Coronado National Forest, Arizona, USA. Habitat suitability was assumed to be a
function of the probability of squirrel presence/absence, based on locational and
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environmental variables. In this case, the GIS was used to store core spatial data
and to derive other variables (e.g. slope and aspect) using spatial overlay and
distance buffering operations. These data were used to develop two regression
models. One was an environmental model developed using stepwise multiple
regression of environmental variables against a sample of squirrel observations
(retaining some observations for validation purposes). The other was a trend
surface model, a multiple logistic regression that used a fourth order polynomial
of latitude and longitude coordinates from the same training sample as the
environmental model. Both models were combined by borrowing a Bayesian
inference technique used for land cover classification in remote sensing
applications. The trend surface model provided initial probabilities of squirrel
presence/absence, which were revised by information contained in the
environmental model.
Individually, both models were found to have good predictive power, and while
the combined Bayesian model did not improve on this, having exactly the same
predictive power as the environmental model, it did produce a substantially
different habitat suitability map. The authors attribute this to the trend surface
model having an ability to predict red squirrel’s tendency to form clusters that was
not accounted for in the environmental model. This study has, however, limited
use for long-term prediction, since all data were pertinent only to a single year.
Bian and West (1997) used inductive methods to develop a predictive Rocky
Mountain elk calving habitat model (that predicts the distribution of calving
probability) in the prairie environment of the Cimarron National Grassland,
Kansas, USA – an area of 438 square kilometres. The analysis was carried out to
assist a reintroduction programme for elk, and identify calving habitat. Logistic
regression modelling was used to assess the relationship between known calving
sites, obtained from radio telemetry, habitat variables (land cover types) and
human land use types. A GIS was used to deductively implement the model for
prediction of the spatial distribution of probabilities. Each variable used was
tested for its significance in explaining habitat preferences by a chi-square test
before being used in the regression model.

Variable coefficients from the
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regression model were used to assign weights to variables in a spatial overlay
model implemented in the GIS.
Although regression modelling appears to be a common technique in habitat
analyses, it has two limitations when applied to spatial relationships. Because
regression analysis is a form of linear modelling, it assumes the relationship
between input and dependent variables is static across the input space. While this
assumption may hold for small study areas, it is unlikely to be true at larger scales
(e.g. Walker op cit.). Second, regression models require that input variables be
independent of each other, an assumption that does not necessarily hold where
ecological processes are at work, particularly over longer time scales.

On

validation testing of the model, the authors found that approximately 20% of
model predictions were mis-classified. This was attributed to seasonal variations
in elk behaviour due to climate.

3.6 Discussion
The cases reviewed demonstrate the advantages of using GIS for habitat analyses.
They facilitate multivariate analysis of large, complex data sets that have been
collected from a variety of sources at differing scales. For wildlife managers, an
ability to produce useful habitat maps efficiently and to rapidly revise them in the
light of new data or knowledge is beneficial, as is an ability to carry out ‘what if’
analyses through interactive changes to model parameters. However, limitations
in the use of GIS for habitat modelling purposes arising from issues concerning
data availability, quality, and choice of modelling technique need to be
recognised.
The effectiveness of habitat models and the quality of output are related to the
selection of variables used, and the explanatory power of those variables. This
requires that those developing a habitat model are able to recognise what variables
are required and are then able to obtain required data in a digital form. For
example, Sperduto (1993) was unable to include particular ecological
characteristics because no data were available; therefore models were developed
from the general habitat parameters that were available in digital form. In some
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respects, omission of required variables may be inevitable due to incomplete
knowledge of how natural systems operate (Norton and Williams 1990),
particularly over large scales.
Model validation is also an important phase of development. Many of the cases
reviewed stressed the importance of validation, but it was observed that in some
cases that relied on GIS techniques alone, this phase was neglected. In two cases
(Agee et al. 1989; Yonzon et al. 1991) it was claimed that verification was
difficult due to the size of the study area as well as the range and rarity of the
target species. Hybrid approaches were often more rigorous where an inductive
approach was used. Often, sample observations where split into two subsets, one
being used for training, and the other being used for testing purposes (e.g. Bian
and West 1997; Knick and Dyer 1997).
The time scale of source data used in model development is another limiting
factor in habitat modelling. Many of the cases reviewed considered a short time
span – typically only a few years at best. This is perhaps due to the effort
involved in collecting observations with which to correlate environmental factors.
The models developed are therefore prone to weaknesses when making long-term
predictions (Pereira and Itami 1991) since they cannot account for the dynamic
nature of the environment because long-term temporal variations are not captured.
Habitat models that are inductively developed from observational data such as
sightings or radio telemetry often assume that the sightings are accurate indicators
of habitat suitability (Breininger et al. 1991). Most studies do not, in fact, model
habitat suitability, according to Breininger, but use indicators of suitability such as
land cover type derived from spatial coincidence with observation data.

3.7 An Information Systems Approach to Managing
Wildlife Data.
A common aspect of the cases reviewed has been that they are problem oriented;
the habitat models have been developed to assist in developing solutions for
particular management problems, or to answer specific questions, at a particular
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point in time. The use of GIS is limited to the description and identification of
habitat used by wildlife and does not generally include the maintenance of
detailed data concerning individuals in a population. Where population data is
collected, it is typically limited to the location of a sighting, with little or no
attribute data being collected.
The problem concerning royal albatross data is fundamentally different to the
studies reviewed, because detailed data concerning individual birds, their
interactions with other birds in the population, and the management activities that
have been practised on them have been collected over a long period of time. This
has resulted in a data set that contains complex relationships between data items.
While this is not an unusual situation in many domains (e.g. Land Information
Systems), it appears to be quite rare in wildlife management.

Effective

management of these data would facilitate the production of information that
would assist wildlife managers at Taiaroa Head in their task of effectively
managing the colony.
The problem concerning the Taiaroa Head data set, therefore, is one of how best
to manage these data in order to provide useful management information. This
thesis proposes that this may be accomplished through the design and
development of an appropriate spatial information system for the routine
collection and management of royal albatross data, and the integration of these
data with spatial environmental data sets. Such a system would facilitate the longterm effective management of albatross data, while still enabling the types of
habitat analyses reviewed in this chapter to be carried out.

Indeed, a well-

designed system would allow a wide variety of analyses to be performed.
This thesis also proposes that the design and development of GIS-based solutions
is not substantively different from the design of any information system, and that
established principles of structured system design and development are applicable,
albeit with some adaptation.

There is some evidence in the literature of a

realisation that environmental research needs to move from a data perspective to a
focus on information and its management, particularly where biodiversity data
sets are concerned (Stafford et al. 1994). Other authors (for example Strebel et al.
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1994) argue that structured information engineering approaches are bound to fail
because the experimental and exploratory nature of many scientific applications
mean that system requirements cannot be defined a priori. This argument is
perhaps unjustified. While it is true that some, or even many of the output
requirements cannot be defined a priori, with some forethought, data
requirements specifications and conceptual data models can be designed as a basis
for a system that is flexible enough to meet a wide range of exploratory
processing and output requirements. Such systems could be considered to be a
class of decision support system.

Similar arguments have been raised (see Benwell 1994) against the application of
structured approaches to the development of more conventional (i.e. transaction
processing) SIS, arguing that SIS are markedly different from general (i.e.
business oriented) information systems. Other authors, however, (e.g. Calkins
and Marble 1987; Clarke 1991; Haanen 1992; Hadzilacos and Tryfona 1996)
support the view that structured methodologies that have been established for at
least two decades are applicable to the development of SIS. Benwell (loc cit.)
argues that SIS are not different, but rather a special case of IS, and that structured
approaches are applicable with some modification to the data collection phase.
This thesis takes a similar view with the development of a SIS for Taiaroa Head.
The experiments carried out in Chapters 6 and 7 demonstrate that a structured
approach to the design of the prototype does not necessarily preclude exploratory
analyses.

3.8 Conclusion
This chapter has developed definitions for terms used in the thesis and presented a
review of the habitat analysis and management literature with regard to the use of
GIS.

The approaches taken in connection with the use of GIS for wildlife

management have been found to have limitations in circumstances where large
complex data sets concerning individuals in a population exist. Therefore, it is
suggested that a different approach ought to be taken in the case of Taiaroa Head
in order to meet the need for management information identified in Chapter 2. In
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view of this situation, it is proposed that a structured approach to developing a
SIS, using established principles of system design and development is preferable.
The following chapter discusses the specific problems that such an information
system must address, and presents a system design proposal. Chapter 5 describes
the implementation of this system design.
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Taiaroa Head Systems Analysis and
Design

This chapter reviews current data collection and management practices carried out
at Taiaroa Head as well as the analyses, and the outputs and reports that are
produced. Problems that arise from these practices are identified. A system
design based on established system development methodologies, and on spatial
information systems, that would provide a solution to these problems, is presented
and discussed. A data model for spatial and non-spatial data, around which the
design is implemented, is also presented and discussed.

4.1 Introduction
From the previous chapter, it can be seen that, where GIS is used for wildlife
management, there is a tendency to collect data in a piece-wise manner to address
a specific management problem at a specific point in time.

Therefore, the

approach taken in the application of information technology is often a problemdriven one.
In the case of Taiaroa Head, however, the objectives concerning data collection,
management and analysis are long-term by nature, aimed at aiding the
management requirements imposed by the headland’s Nature Reserve, Wildlife
refuge and Sanctuary status. The approach to system development prescribed in
this thesis is the application of data-driven techniques.

These techniques

concentrate on the definition, documentation and structuring of a data resource
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(Finkelstein 1989, pg. 18-21) (i.e. a data model) about which a well designed
information system can be developed. Methodologies for the structured design
and development of information systems have been evolving since the mid 1970’s
(for a review see Benwell 1994), but it has only been very recently that these
techniques have begun to be applied to the development of SIS. The problem of
how to extend data modelling tools to handle the characteristics of spatial data and
their processing has received considerable attention in the recent past (e.g. Bedard
and Paquette 1989; Firns 1994; Hadzilacos and Tryfona 1996).

4.2 Former and Present Data Collection and
Management Practices
4.2.1 Background
Records of royal albatross breeding activities as well as other behavioural
observations have been collected by a number of people, working in a variety of
capacities since Richdale began keeping records in 1937. Richdale’s study was
constrained during the years of the Second World War by defence activities, and
in the years following the war, by other commitments. Some data were collected
during the war years by signalmen, and data from the years following the war
were collected by both them and Richdale on his occasional visits to the colony.
A more systematic data collection phase began in 1950 with the appointment of
Stan Sharpe, the first full time ranger at Taiaroa Head. The basic data collection
process that is in use today was first implemented in 1968 with the appointment of
Alan Wright, the successor to Mr. Sharpe. The following sections describe the
data collection, management, analysis and reporting practices that have been in
place since this time.

4.2.2 Data Capture Procedures
Spatial Data
Spatial data concerning albatrosses at Taiaroa Head has been collected on a daily
basis with the assistance of a paper-based sketch map.

This form of data
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collection commenced in 1968 using a hand drawn map that depicts topographic1
features in the reserve, such as buildings, fence lines, prominent natural features
and a network of formed tracks that are a result of historic human activities at
Taiaroa Head. A sample of this map can be found in Appendix A. Each day, the
locations of albatrosses that are present at the colony are recorded relative to
topographic features on the map. A new copy of the map is used each day. These
daily maps record the locations of breeding birds on nests and the locations of
non-breeding birds that do not have an associated nest site.
No spatial data concerning the location of albatross were explicitly recorded prior
to the introduction of the sketch map. For breeding birds however, spatial data
were sometimes implicitly recorded by Richdale, the signalmen, and Sharpe
through the habit of assigning names to the nest on the basis of the area where it
was located (e.g. “Tunnel Gate Track”). Sketch maps have been produced for
seasons prior to 1968 by inferring where a nest site was located by the name that
was assigned to it. This process has created some spatial precision concerns for
the maps involved, which are discussed in Section 4.3.1.
Non-spatial breeding data
Non-spatial data concerning breeding albatrosses are recorded on the reverse side
of the sketch map.

This document records the presence of parent birds,

observations about their behaviour, activities carried out by staff, notes on what
predators were caught and also instances of artificial management practices that
were carried out. These management practices are usually carried out to ensure
the survival of an egg or a chick through incubation of eggs, repair of damaged
eggs, foster rearing of eggs or chicks, and the hand rearing of chicks.
Milestones during the breeding cycle are also recorded in this document. This
includes copulation, egg laying, hatching and pre-hatching events (the progress of
the chick as it breaks through the shell of the egg). Once a week a ‘management
period’ is undertaken, at which time, depending on the period of the breeding
1

Topographic features are those that characterise the Earth’s surface, usually these features refer
to terrain and relief but can also, as in this case, refer to cultural features.
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season, the eggs or chicks are measured and weighed. Eggs are also weighed and
measured as soon as possible after laying to obtain baseline measurements. All of
these details are included in the daily record.
The coverage of these data is largely complete. Since 1968 there have been very
few days during each breeding season on which data have not been collected, and
this has usually been due to inclement weather. However, the data sampling level
does vary somewhat in accordance with the time staff spend in the reserve. More
notes are taken during the summer, when the days are longer or when some crisis
occurs that requires more active management of the colony. Between 20 and 30
pages of notes can be produced daily during these times, but these data concern all
birds, not just those breeding.
Other Data
The data contained in the daily notes is not restricted to breeding activities alone.
The activities of breeding pairs prior to the breeding season and after its
conclusion are also recorded; as are the relationships and interactions between
breeding and non-breeding birds. Non-breeding adolescent birds that visit the
colony for a short period during the breeding season make up approximately 50%
of the annual population at Taiaroa Head. The presence of these birds is recorded
daily, as are observations about their interactions with groups of other adolescents.
This behaviour is part of the pair formation process that lasts for a number of
years before they reach breeding age and is an important phase of the royal
albatross life cycle. The locations of these groups, or gams, and the individual
birds that are part of them are also recorded on the daily sketch map.
Data concerning the activities of non-breeding birds has only been consistently
recorded since 1968, although not a great amount was collected initially. The
coverage of non-breeding data, in terms of the volume and number of attributes
that are monitored, has increased since the mid 1980s. This is perhaps in part due
to an increase in these types of activities as the annual population of the albatross
colony grows.
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4.2.3 Data Management
Aggregation of Daily Records
Notes from the daily records are aggregated into a paper tick-sheet that forms an
annual chronology of both breeding and non-breeding albatross activities during a
season, for each bird present at Taiaroa Head. It is set out in the form of a
summary table with columns of dates against a row for each bird observed at the
colony during the season (see Appendix A for an example). Compilation of the
tick-sheet begins at the end of the egg-laying phase. Breeding pairs are entered
first in order of the date on which laying occurred.

Non-breeding birds are

recorded below the breeders in chronological order of their first appearance at the
colony for that season. Interaction with other adolescents on a one-to-one basis
that occurs during the ‘keeping company’ phase is recorded, but interactions
within gams are not. Symbolic codes are used to indicate significant events that
occur, and measurements taken during the management days are recorded.
Examples of these codes and their meanings are shown in Table 4.1.
The tick-sheets are further aggregated into an annual summary report (see
Appendix A), in which there is a one-line entry for each egg laid during the
Symbol Meaning
Bird was present during the day
✓
Connects two birds that were seen together. Usually indicates
breeding pairs, but also indicates ‘keeping company’ between nonKC breeders or between a breeder and non-breeder.
Indicates copulation. Usually occurs among a pair but can also occur
between one member of a pair and another bird.
E
Egg laid
*
Pre-hatching, egg starred
5¢
Pre-hatching, 5 cent diameter hole in egg
10¢
Pre-hatching, 10 cent diameter hole in egg
25¢
Pre-hatching, 25 cent diameter hole in egg
50¢
Pre-hatching, 50 cent diameter hole in egg
$1
Pre-hatching, 1 dollar diameter hole in egg2
H
Hatched
X
Death of chick
Table 4.1 Symbols used in tick-sheets (supplied by C.J.R. Robertson, DoC)
2

The symbol used does not always refer to the physical size of coins, in the case of the 25 cent &
1 dollar coins it is referring to a logical size progression.
43

Chapter 4
season. The following details are recorded:

• identification codes of the male and female parents,
• laying date,
• hatching date,
• date of loss of egg or chick
• description of the cause of the loss
• chick reference number (only assigned if the chick survives to
depart from the colony and is based on the leg band number),

• departure date of chick,
• egg measurements, and
• any other comments worth recording, for example, instances of
artificial management.
The identification codes of non-breeding birds seen at the colony are entered
below the nest records. This information is divided into three groups: birds that
are seen ‘keeping company’ with other birds (in which case the two codes are
linked with a “KC” symbol as they may go on to form a breeding pair), other
birds seen at the colony, and new birds seen at the colony for the first time (the
date of observation is also recorded in this case). In each group, the identification
codes are organised into columns by sex.
Traditionally, the spatial data contained in the sketch maps has not been
summarised in any way. Recently however, annual summaries of nest sites have
been produced. These summaries now exist for all breeding seasons.
Transcription to Electronic Form
Information contained in the annual summary report concerning breeding records
has been routinely entered into an Excel spreadsheet since 1991. The Excel
software is therefore used as a simple DBMS in which the breeding data are
stored in a flat file structure.
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The data contained in this spreadsheet are essentially a duplicate of that contained
in the paper annual summary.

Data from all annual summaries have been

retrospectively entered and this file now contains a complete breeding record.
The structure of this file is described in Table 4.2. A similar table has been
created for non-breeding birds, but at this stage its contents are limited to presence
and absence data and is, therefore, an undeveloped resource. Other electronic data
Field Name
YEAROBS
REFNO

Type
chr
chr

Size
5
6

FAIL?
E;C A

?
chr

?
2

S:X H:F

chr

3

NEST SITE
HATCH YEAR

chr
int

26
2

PARENT MALE
PARENT FEMALE
1ST YR RETND

chr
chr
chr

10
10
5

SEX

chr

2

LAID DATE

chr

9

HATCH DATE

chr

9

INCUB DAYS
DEPART DATE

int
chr

3
9

FLEDGE DAYS

int

3

DATE FAILED

chr

9

HOW FAILED
COMMENTS

chr
chr

20
200

Description
Year of breeding season (e.g. “35/36”)
Unique reference number assigned to a chick. Only chicks
that successfully fledge are assigned a reference number
which is based on its leg band number
Whether the nest site failed (not used)
Stage of development reached
E
egg
C
chick
A
adult (not used) DE
dummy egg (not used)
Composite field, possible values include:
S
southern species
X
cross breed of northern & southern species
H
chick has been fully or partly hand reared by staff
F
fostered at another nest site
R
chick returned from harbour after a failed fledging
attempt
V
nest site visible from Richdale Observatory
N
nest site is not visible from Observatory
O
nest site is outside the reserve
Descriptive name assigned to the nest site (e.g. Bellavista)
Year egg hatched, usually the second part of the breeding
season year. Will be null if egg failed to hatch.
Male parents REFNO
Female parents REFNO
First breeding season a chick is observed returning to colony
(same format as YEAR OBS)
Chick’s sex
M
confirmed male F
confirmed female
m
probable male
f
probable female
null
unknown
(+)?
unconfirmed
Egg laying date. Normally dd/mm/yy but is not always
specific in early years when may contain a range of dates
Egg hatching date. Normally dd/mm/yy but is not always
specific in early years when may contain a range of dates
Number of days incubation. (HATCH DATE - LAID DATE)
Date of fledging and departure. Normally dd/mm/yy but is
not always specific and may contain a range of possible dates
Number of days from hatching to fledging (DEPART DATE
- HATCH DATE)
Date egg failure or chick death. Is not always known and not
always specific
Probable reason for failure of nest site
General relevant comments. Is often used to record the
particulars of fostering.

Table 4.2 Structure of the Excel breeding database (from data compiled by
C.J.R. Robertson, Doc)
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that are maintained include a listing of the colour combinations that are used on
leg bands for identification.

This listing also contains bird identification,

parentage, birth date and sex.
Archives
A copy of Richdale’s notes has been obtained from the originals held at the
Hocken Library, Dunedin. All material dating from the appointment of Stan
Sharpe, from 1951 on, are held at the Conservation Sciences Centre, Wellington.
A copy of the daily observation notes that date from 1968 is also held at the
Taiaroa Head observatory. This copy includes only the written notes and not the
sketch maps.

The main Excel breeding file is duplicated on two personal

computers and is backed up to tape periodically.

4.2.4 Data Analyses
The analyses that are carried out on the Taiaroa Head albatross data can be
broadly grouped into those that are non-spatial and those that are spatial. Each is
discussed, in turn, in this section.

The analyses that are discussed here are

restricted to those that concern the breeding data set.
None of the analyses are carried out on a routine or regular basis. Each is
conducted for a specific purpose, either concerning the management or biological
activities of the birds themselves, or concerning the management of the Nature
Reserve in general. Therefore, the data resource serves in a decision support role.
Non-spatial analyses
Rather than giving specific examples of non-spatial analyses that have been
carried out with the breeding data set, general approaches to analysis of the data
will be discussed.
The breeding data are used in hierarchical manner. For any particular query, an
initial search is made through the generalised data sets (either the Excel
spreadsheet or the annual summary record) to the more specific data sets - the
annual tick-sheet and then the daily observations - as necessary. Data from the
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observation notes are related to the tick-sheet by day/date and the tick-sheet is
related to the annual summary and spreadsheet file by bird identification number.
The spreadsheet file is frequently used for analyses that require sorting, grouping
or the calculation of totals or summary statistics. This file, its paper equivalent
and the annual tick-sheet are also used for initial ‘exploratory’ investigations to
determine if a line of analysis is worth pursuing among the observation notes.
The detailed data in these notes forms the core data resource, but because of the
amount of material in this record, data can be difficult to find and may be
fragmented over long time periods.
Spatial Analyses
Spatial analysis of data contained in map form is inherently laborious and difficult
due to these data being stored on a paper medium (see Burrough 1986, pg.3).
Understandably, analyses have been limited to aggregation and grouping
operations. These are typically conducted by first photocopying original sketch
maps onto transparencies and overlaying a number of individual maps on top of a
light table. This method has been used to create the annual nest maps mentioned
at the end of Section 4.2.3, as well as the creation of maps for 5 year periods and
other significant time spans.
While the production of such maps is laborious and prone to error, the correlating
of nest sites with the non-spatial data contained in the observation notes and the
other records is also time consuming.
The nature of the sketch map also makes it impractical to carry out quantitative
spatial analyses. Because the sketch map was initially hand drawn, its scale is not
known with any accuracy. It is, therefore, difficult to calculate distances from
these maps. The sketch map also contains a number of areas that exhibit quite
marked local distortions that add to the unreliability of these types of operations.

4.2.5 Output & Reporting
Because no routine analyses are performed on the breeding data, there are no
routine reports generated. All information generated from the data sets are the
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result of carrying out ad-hoc analyses. Therefore, the information requirements
that are placed on these data sets are, by necessity, quite broad. In general,
outputs may be categorised into two distinct types: management-oriented outputs
that are used in the running of the colony; and those that are oriented toward
scientific research.
Output of spatial data is limited for the reasons stated above and tends to be
restricted to internal tasks associated with the management of the albatrosses.
Chart and tabular output are produced, however, from the annual summary data
contained in the Excel spreadsheet. Output of this type has been published in
scientific journals (e.g. Robertson 1993b; Robertson in press).

4.3 Problem Definition
A review of the current data practices reveals a number of problems associated
with the form and the use of data that is collected.

To some extent, these

problems are a legacy of the length of time over which the study has run and do
not necessarily imply that data collection and management practices have been
remiss. Rather, the problems identified here are discussed in the light of digital
spatial data collection, integration and management methodologies that have been
developed only in last ten to fifteen years, and which have only become
widespread much more recently. With one exception that is discussed below, the
question of what data are collected is not at issue. These data form a valuable
resource that is rare in wildlife studies in terms of both volume and the time span
over which it has been collected.

The problems identified here are more

concerned with management of these data in a manner that allows information to
be produced more efficiently and to a higher quality than has hitherto been
possible.

4.3.1 Spatial Accuracy
The collection of spatial data by use of the sketch map methodology implemented
in 1968 introduces a considerable amount of inaccuracy and imprecision into the
spatial data that has been collected over the years. The cause of this problem lies
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in the construction of the sketch map itself. Being hand drawn, the scale to which
the map models Taiaroa Head can only be approximated, and the distortions that it
contains are not amenable to correction by systematic mathematical methods such
as affine or helmert transformations.
While the sketch map implicitly stores positional information, these data are not
currently put to use. All data locations recorded on a sketch map are located
relative to the topographic features it contains, such as tracks, buildings or fence
lines. While the location of nest sites may have a degree of precision relative to
these features, and, therefore, to each other, it is difficult to extract accurate
quantitative data about the location of objects due to the lack of scale information,
and the distortions contained in the sketch map.

This conclusion applies to

information regarding position, and distance and bearing to other objects or
features at Taiaroa Head.
Another problem exists concerning the accuracy of spatial data prior to 1968.
Richdale and Sharpe did not directly capture spatial data by means of maps, but
they did give each nest site a name. The accuracy problem arises from the naming
conventions that they used. Over the period of data collection, three naming
systems have been used: that which has been used since 1968, based on the
location of the site; that used by Sharpe; and the one used by Richdale.
Richdale’s system was not always based on the name of the area where the site
was located but sometimes by assigning a name to the pair of albatrosses.
Sharpe’s system was based on Richdale’s, but as he did not have access to
Richdale’s records, it is uncertain that the names he used actually referred to the
same location or even breeding pairs. Some effort has been made to convert the
names used by Richdale and Sharpe to the current system but it is estimated that
the position of the nest sites on the sketch maps during Richdale's era may have a
positional error as high as 20 metres (Robertson 1995, pers. comm.).
Any proposed solution needs to allow for the capture and storage of positional
data to facilitate quantitative analysis of spatial data, as well as addressing the
precision of these data.

Until these issues are addressed, it is difficult to

determine the extent to which noise in the existing spatial data influences spatial
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analyses that will be carried out or, in the worst case, invalidates the results of an
analysis. If it is not possible to correct the data that is currently held, these issues
should at least be addressed for spatial data that will be collected in the future.

4.3.2 Integration of Spatial and Non-spatial Data
There is no mechanism by which spatial and non-spatial data are linked. It is
difficult to carry out a query using data contained in both of these data sets. To do
so is a time consuming manual process. Establishing a linkage between these data
would allow a range of queries that are not feasible at present to be carried out.

4.3.3 Analysis and Presentation
Analyses of the data contained in the sketch maps is usually a process of manually
amalgamating items contained in a number of individual maps by overlaying them
on a light table. This is a time consuming and error-prone process. Investigation
of the spatial relationships between nest sites (and the birds that are associated
with them) or with the environment that contains them is difficult.

This is

because either these relationships are not encoded in the sketch maps, or because
the extraction of them can be difficult and unreliable.
It is also difficult to analyse relationships between data records in the non-spatial
data sets, since there is no mechanism by which related records may be linked to
each other, for example, the examination of relationships between parents and
offspring, or between the individual birds that form breeding pairs. The Excel
database provides a partial solution to this problem with Excel’s ability to sort and
group the data in the breeding file. However, this is only effective for simple
queries. The process becomes more complex as the sophistication of queries
increases.
Presentation of results, particularly of spatial analyses, is both time-consuming
and of low quality. Many spatial relationships that are not apparent when data are
presented in a tabular manner may become evident if presented graphically.
However, the effort currently involved in producing graphic output largely
precludes these types of analyses.
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4.3.4 Environmental Data
Other than data concerning the albatrosses themselves, the only data contained in
the sketch maps are those concerning the location of significant structural features
(e.g. buildings), and the access tracks that are found in the Nature Reserve. Yet
the albatrosses at Taiaroa Head influence and are influenced by the environment
which they inhabit. The most common method of managing wildlife, as was
shown in Chapter 3, is through management of habitat. Effective management of
the albatross population is in part dependent on developing an understanding of
the relationships between the albatrosses and environmental variables such as
topography, vegetation, and climate, for example.

Inclusion of these data,

particularly topography, also serves to place the existing spatial data within a
spatial context for display.

4.4 A System Proposal
4.4.1 Objectives
To successfully address the problems identified above, a system should be well
designed, and based on established principles of system development. The overall
objectives to be achieved by such a system are as follows:

• achieve integration between spatial and non-spatial data,
• improve the accuracy of the spatial data capture process, and
identify methods that will allow these data to be captured directly
in digital form3,

• develop a prototype SIS, evaluate its performance with regard to
specific aspects of wildlife management concerning Taiaroa Head,
and demonstrate the advantages derived from integrating existing
spatial and non-spatial data sets,

• improve the efficiency of analyses on spatial and non-spatial data
and allow more complex analyses to be carried out,
3

This objective is not one that can be met by an SIS in and of itself, rather it will depend on the
quality of the spatial topographic data it contains and how these data are captured.
51

Chapter 4

• improve the quality of the output of analyses, particularly spatial
analyses, and reduce the effort involved in producing such output,
and

• facilitate the storage of environmental data in a manner that allows
the relationships between these and albatross data to be explored.

4.4.2 Scope
The development of the spatial information system shall follow established
principles of system design and development. However, it should be noted that
the particular development methodology used is not at issue in this thesis. It is
accepted that, in order to solve the problems identified in the previous section, the
system should be developed following established principles, since they can
provide the means to enhance the management and use of albatross data sets.
Further, since a fully functional system is not required to demonstrate the
objective of this thesis, the proposed system has been developed as a prototype in
which a number of functional areas have been excluded. Matters that are included
within the scope of the system, and those that are not, are set out as follows.
Matters Included in the Scope

• Non-spatial data contained in the Excel breeding database for all
breeding seasons from 1935/36 to 1994/95 inclusive.

• Spatial data contained in the annual summary nest maps for all
breeding seasons from 1935/36 to 1994/95 inclusive.

• Environmental data concerning the topography of Taiaroa Head.
• Cultural spatial data (e.g. fence lines, tracks and structures).
• Analysis of spatial and non-spatial data.
• Generation of map-based output from the prototype SIS
Matters Not Included in the Scope

• Pre- and post-breeding activities of breeding pairs.
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• Breeding records of nest sites that are outside the reserve. (There
have been 25 nest sites in total that fall into this class, and none
since the 1960 -61 breeding season.)

• Data concerning the activities of non-breeding birds
• Non-spatial breeding records contained in the daily observation,
tick-sheets or the paper based annual summaries.

• Spatial data contained in sketch maps produced from daily
observations.

• Environmental data concerning vegetation, soils and climate.
Data that have not been included in the scope have been excluded because they
have not been made available by the DoC. Nor has any information regarding
their nature or structure been supplied other than through verbal communication.
There is no doubt that these data would extend the capabilities of a fully
functional system but, at this stage, their inclusion is not possible. However, the
absence of these data should not impair the prototype system’s capability to
demonstrate the suitability of SIS to the wildlife management domain.

4.4.3 Proposed System
Rationale for a Spatial Information System
All albatross activities at Taiaroa Head considered here, be they breeding or nonbreeding activities, have occurred at locations within the Nature Reserve.
Location is an important factor that links prodigy to parents, individual birds to
breeding partners and adolescents to potential partners. Because royal albatross
are to some extent territorial, where a bird has been in the past (e.g. where it was
raised as a chick or where it has nested before) may have an influence on the
location of future activities. Environmental conditions also play some role in
determining where albatross activities occur.
To analyse albatross activities and interactions, there needs to be a facility for the
storage, management and analysis of the locational data associated with them.
SISs differ from conventional information systems in that they model real-world
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phenomena in terms of their descriptive attributes and their geographic location
(Maguire 1991). While there is a variety of classes of SIS (Benwell 1994) for
handling spatially referenced data, geographic information systems (GIS)
emphasise the analysis of spatial data (Goodchild 1987). It is this emphasis that
makes GIS a suitable platform on which to construct a prototype SIS for Taiaroa
Head.
Development Platform
The prototype has been developed using the Genamap (version 6.2)4 suite of GIS
software. This software has been developed by Genasys Inc. and is available for a
variety of high-end hardware and operating system platforms. The installation
used for this project was a Sun Sparcstation5, Solaris 2.4 (UNIX operating
system) and the Open Windows X windows management system. All of these
products are supplied by Sun Microsystems.
As with most commercially available GIS, spatial data are stored as separate
‘layers’ according to their thematic content. Data in each layer are referenced to a
position (or positions) on the Earth’s surface, so that even while data are logically
separate, they still refer to the same area of the Earth’s surface and spatial
relationships between them can be examined. In the case of Taiaroa Head, for
example, spatial data regarding public access ways are stored in a separate layer
from the fences that border them.
Genamap also provides facilities for the storage and management of non-spatial
attribute data that describe the characteristics of the spatial data contained in the
thematic layers. Although these data are limited to quite simple structures, this
integration between spatial and non-spatial data allows selection and display of
spatial data items from queries carried out on their non-spatial attributes and vice
versa. For example, a query can be composed to display all of the nest sites for a
particular bird.

4

Genasys Pty. Ltd.
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4.5 The Taiaroa Head Data Model
4.5.1 An Introduction to Data Modelling
A commonly accepted view of a database is that it is an abstract model of some
set of real world phenomena that are of interest (Firns 1994).

Furthermore,

according to Finkelstein (1989), the data that comprise a database are those that
have been identified as necessary in order to meet defined information
requirements. In the process of designing database applications, a key process is
that of data modelling, that is, the translation of real world phenomena into their
abstract representation within the database. This translation is achieved through
the use of conceptual data models that are independent of database management
system (DBMS) implementation considerations. The conceptual data model is
very much an intermediate step in the database design process. In conceptual
modelling, the designer is more concerned with the validity of the representation
of data and relationships, and developing an understanding of the real-world
system being modelled (Benwell et al. 1991) than with the implementation.
In accordance with data-oriented information engineering methodologies coming
to the fore since the early 1980s (Benwell 1994), the conceptual data model has
become an increasingly important aspect of systems development (Kennedy
1993). A popular formalism of these models that is used in this thesis is the
entity-relationship model (E-R model, or ERM), first proposed by Chen (1976) in
which the real world is modelled as entity sets (i.e. sets of things that can be
identified) and relationships between them.
The E-R model has undergone some modification since its original formulation,
resulting in a semantically richer notation. The notation used in this thesis is that
developed by Finkelstein (1989), where entity sets are represented by named
rectangles, with their attributes (the facts that describe them) listed alongside.
Relationships between entity sets are depicted by connections that incorporate
diagrammatic techniques that define the properties of the relationship. These
properties are as follows:
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a) Participation. Whether participation between entities in related
entity sets is optional or mandatory, and
b) Cardinality. The number of individual entities participating in the
relationship.

4.5.2 Data Model
A proposed conceptual data model for albatross breeding data is illustrated in
Figure 4.1. The conventions used in the figure are based on the spatially extended
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Figure 4.1 Taiaroa Head data model
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entity relationship model (SEER) developed by Firns (1994) to facilitate the
conceptual modelling of spatial data and non-spatial attributes associated with
them.

The data model comprises two components: a standard E-R model

component that portrays non-spatial entities and their relations, and a locational
model that portrays locational references and inter-layer connections. The model
has intentionally been limited to consider only the annual breeding records,
although it has been designed to allow the incorporation of other annual data at a
later stage without significant alteration to existing entity sets. The data model
also shows the core spatial layers that are required.
As a conceptual model, it does not consider issues of implementation within a SIS
database environment and, for reasons that will be discussed below, the model as
it is presented here cannot be implemented within Genamap. The management of
attribute tables within Genamap does not implement the relational data model,
thus tables cannot be related. However, a simplified form of this model has been
implemented in the prototype by combining related entities through SQL5 joins
(albeit at the cost of introducing data redundancy6).
Locational Components
The top-level location component in the data model (and in any SEER model) is
the LOCATION entity that represents the underlying spatial coordinate system
that is used to implement the model. Related to LOCATION are the node entity
sets, which represent thematic layers of spatial data. The SEER notation uses
different types of node entity sets for semantic representation of vector and raster
spatial data types. Vector data types are broken down into point, line, polygon,
and network data types. The node entity sets in the Taiaroa Head data model are
all vector entity sets. Although raster layers will be incorporated into the spatial
database, these layers are not included in the data model because they will be
derived from layers that are already included in the model. The ability of SIS to
synthesise thematic layers from existing ones is a unique feature of these systems,
and it is one that could complicate the data modelling process, as the structure of a
5
6

Structured Query Language
Data redundancy is the unnecessary repetition of data values within a database table.
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spatial database has the potential to become quite dynamic as new entities are
added or created. For the sake of simplicity, the data model includes only the
primary themes that are essential to the development of the prototype.
Following from the node entity set are the node subtypes.

Each subtype

represents the instance of a thematic layer in the spatial database. Furthermore,
each node subtype is related to a geometric entity that represents instances of
individual spatial features within a theme. The semantics of this entity type
include their geometric representation in the database, that is, whether they are
point, line or polygon features and can include descriptions of any non-spatial
attributes.
Recall from Section 4.4.3 that a key factor that relates progeny to parents and
breeding pairs is the location of the nest site. This concept is embodied in the data
model by the NEST SITE geometric entity whereby albatross nest sites are
represented by a point feature (i.e. an XY coordinate pair). All non-spatial entities
in the data model are related in some manner to the NEST SITE entity.
Non-locational Components
Non-spatial entities contained in the data model were derived by restructuring the
data contained in the current Excel breeding database into normalised form. The
process of normalisation is carried out to ensure data duplication is eliminated by
means of an analysis of dependencies between data items, and to ensure data
items are atomic (i.e. the value of a field represents one piece of information about
the entity). Two entities were identified during this process, the EGG/CHICK
entity and the ADULT entity.
The EGG/CHICK entity has a one-to-one relationship with a nest site under
normal circumstances by virtue of the fact that an egg can only be laid in one nest.
This is a natural relationship, although an egg or a chick can be related to other
nest sites, but such alternate relations are normally the result of fostering activities
that are accommodated by the FOSTER entity.
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Each breeding adult, over its life span may nest at many sites (but, by definition,
will have one nest site at least). Furthermore, each nest site will normally have
two adult birds associated with it, creating a many-to-two (effectively a many-tomany) relationship.

Many-to-many (m:n) relationships are problematic to

implement in relational databases and may be overcome by the use of the artificial
associative entity7 NEST ADULT which resolves the m:n relation by combining
two one-to-many (1:n) relations. It could be argued that this m:n relation could be
avoided by using a separate foreign key to the ADULT entity in NEST SITE for
the male and female parents (which would also use two 1:n relations, but without
an intermediate associative entity). In practice, however, this is a less flexible
solution as there is a number of instances of nest sites that have been established
by female pairs, which have been known to lay fertile eggs. In this case, using
two direct relationships could not accommodate a possible third (male) parent.
Eggs or chicks are related to parents through the NEST SITE entity and vice
versa. An interesting by-product of the NEST ADULT entity is that it is possible
to retrieve a history of a bird’s breeding partners.
When an egg or a chick is fostered to another nest site, the event is recorded in the
Excel breeding file in two ways: a code placed in one of the columns of the
spreadsheet that indicates that a foster event took place, but it provides no other
information.

A note is also placed in the comments column that (usually)

provides some details about the nest site to which the egg or the chick was
fostered. Normally this site is referenced by the colour codes on the leg bands of
the pair at the new site, so there is no apparent linkage to another record in the
file. The foster event that is recorded in the Excel file (and also in the annual nest
maps) only provides information about the final step in foster, that is, where the
egg or chick was finally placed. In fact, an egg or a chick can be moved a number
of times during a breeding season, but only the final set of parents are treated as
the true foster parents.
The FOSTER associative entity contains three foreign keys to the NEST SITE
entity that facilitate the recording of every fostering event in either an egg’s or a

7

Identified in the conceptual model by the diamond notation inside an entity rectangle.
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chick’s development. Every adult that has taken part in a foster relationship may
be traced, and therefore considered as a potential, experienced candidate for
fostering in the future.
Limitations in the Management of Non-locational Components
It has already be stated at the end of Section 4.4.3 that the implementation of the
data model that has been proposed for the prototype system is subject to
limitations imposed by Genamap.

Specifically, Genamap is not capable of

implementing non-spatial entities in a relational database (which implements the
E-R model) unless a third party RDBMS is used through a client/server interface.
An entity set (i.e. a table) may be related to a thematic layer, but not to other nonspatial attribute tables within Genamap. Consequently, non-spatial attributes must
be managed as flat files which has implications for the proposed data model: intranest site relations between adults and offspring need to be combined into a single
table using an SQL join.

Also, the inter-nest foster relationships must be

implemented as an extra spatial layer (i.e. another node subtype) with an
associated attribute table.
In an operational system, this limitation would need to be addressed. In the
prototype system presented in this thesis, however, it need not impair the
objective of demonstrating the effectiveness of an integrated SIS-based solution,
because the non-spatial attribute data used in the prototype remain static.
Problems of inconsistency that can arise when data are duplicated unnecessarily
(Date 1995) are not as important a consideration as they would be in an
operational system in which new data would be added regularly. The relational
data model also allows a degree of flexibility that permits new entity sets to be
added to the database (e.g. records for non-breeding birds), which is reduced by
the imposition of a flat file structure. Again this is an issue which does not unduly
restrict the prototype but would be an important feature of any operational system.
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4.5.3 Attribute Structures
Breeding Attributes
The joining of the ADULT and EGG/CHICK entities from the data model results
in a data structure that incorporates attributes that identify the male and female
pair at the nest site, as illustrated in Table 4.3.

Some unavoidable data

redundancy is introduced as a result. The data structure differs somewhat from
the structure of the Excel data file (refer to Table 4.2) in the following ways:
(a)

A primary key, RecNo, has been introduced to allow each record in
the breeding table to be linked to its associated spatial record in the
NEST SITE layer.

Attribute
RecNo
YearObs
RefNo
Success

Data
Type Width
chr
4
int
4
chr
6
chr
1

Description
Primary key
Breeding season
Chick identifier
Chick survival status

Status

chr

1

Stage of development reached

Species

chr

1

Sub species of offspring

View

chr

1

Foster

chr

1

Visibility of nest from Richdale
Observatory
Foster status of nest site

FosterTo
Returned

chr
chr

4
1

HandRear

chr

1

NestSite
ParentM
ParentF
1stRet
Sex

chr
chr
chr
int
chr

40
6
6
4
1

RecNo of the foster nest site
Chick was returned from ocean before
fledging
Chick was hand-reared before final
fledging
Name of nest site
RefNo of male parent,
RefNo of female parent
First season a chick returns
Sex of chick

Example
0001
1936
C13, 3310M
S survived
F failed
E egg
C chick
D dummy egg
? unknown
S southern stock
X cross breed
O unknown
V visible
N not visible
N no fostering
F egg/chick moved
R egg/chick received
D deliberate foster
0001
N not returned
R returned
N no hand rearing
H hand rearing
GARAGE FLAT
C999
C998
1975
M confirmed male
F confirmed female
m probable male
f probable female
O unknown

Table 4.3 Structure of breeding attributes
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(b)

The format of the data contained in the YearObs field has been
altered. A breeding season was formerly referred to by the year it
began as well as the year it concluded (a breeding season lasts for
approximately 9 months from November through to September of
the following year). So, for example, the 1994 - 1995 breeding
season would be recorded as “94/95”.

This format has been

changed to refer to the calendar year that the season ended, so the
’94 - ’95 season would be recorded as “1995”. This change would
resolve any ambiguity issues arising from the turn of the
millennium.
(c)

The field SXHF from the Excel database serves as a composite
field. It records information about the sub-species of the offspring,
whether the nest site is visible from the Richdale Observatory, or
whether the egg or chick at a nest site had been fostered, handreared or had been returned from the ocean after an unsuccessful
fledging attempt. Recording several data values within a single
field in this manner complicates enquiries for specific values;
therefore the SXHF field has been split into the fields Species,
View, Foster, Returned and HandRear.

(d)

Inconsistencies in the names of nest sites contained in the original
Nest Site field have been corrected.

(e)

The date fields Laid Date, Hatch Date, Departure Date and Date
Failed from the Excel database have been omitted from the
proposed data structure, in part because not all early records
contain exact dates, but instead contain a range of dates.
Furthermore, Genamap attribute tables do not allow for a date data
type, therefore these data items would serve little purpose in the
prototype. This limitation is not considered significant in view of
the prototypes’ purpose, which is to demonstrate the utility of
integrating the Taiaroa Head data sets.

(f)

The duration fields Incub Days and Fledge Days have been omitted
from the prototype for similar reasons as part (e).
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(g)

The How Failed and Comments fields have been omitted from the
prototype because of the amount of variation in data values. Once
again, this omission will not influence the prototype’s ability to
demonstrate its objective.

In the long term, however, the inclusion of items listed in parts (e), (f) and (g) do
need to be a consideration for the implementation of a fully operational system.
The Foster Layer and its Attributes
Foster events are recorded in the annual nest maps by an arc that connects the nest
site of origin with the nest site the egg or chick was finally fostered to, with the
details being recorded in the Comment field of the Excel database. Because of
Genamap’s relational limitations, the individual foster events cannot be
implemented as proposed in the data model.

For the time being, foster

relationships have also been recorded in terms of an origin and final nest site.
Spatially, these foster events are represented as arc features in a separate layer.
The start and end nodes of these arcs correspond to the coordinates of their
associated nest points that are contained in the NEST SITE layer. Attributes of
features are recorded in an attribute table, the structure of which is illustrated in
Table 4.4.

4.6 Conclusion
Most of the problems concerning the Taiaroa Head data involve the capture,
integration and use of spatial nest data. The existing method of hand drawing
Attribute
FosterID
Season

Data
Type
chr
int

Width

NNestID

chr

4

FNestID

chr

4

ChickRef

chr

6

4
4

Description

Example

Primary key
Breeding season in which the foster
event occurred
Natal nest record identifier (foreign
key)
Foster nest record identifier
(foreign key)
Reference number of the chick
involved (if applicable)

0001
1970
0010
0100
C900

Table 4.4 Foster attributes
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locations on a sketch map serves little purpose other than as a record, and does not
easily facilitate spatial analysis and integration with other data. The contribution
of these data to the long-term management of the colony is limited as a result.
The lack of environmental data that gives breeding data a spatial context also
needs to be addressed. Chapter 5 addresses these issues and presents a data
collection and management system that addresses these shortcomings identified in
the collection of spatial breeding data.
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Data Collection and Integration

This chapter discusses the data collection and integration phases of the Taiaroa
Head SIS implementation. The data requirements of the systems are assessed,
existing sources of analogue and digital spatial data are investigated and the
suitability of these data is examined. A requirement for the acquisition of new
spatial data is presented and the processes of capturing these data are described.
These new data are then integrated with the existing albatross breeding database
and the results of some simple queries that demonstrate the advantages of an
integrated spatial database are provided.

5.1 Introduction
The (spatial) database is a critical factor in the success or otherwise of a SIS, as it
is for any type of information system. But the large volumes of data that are
usually necessary to realistically model real-world spatial phenomena are
expensive in terms of time and money to capture (Maguire 1991). In the past, a
paucity of readily available digital spatial data meant that capture costs and
development times were exacerbated, thus spatial database developers were often
required to capture and input original spatial data (Marble 1987). This perhaps
explains the emphasis that is frequently placed on the process of data acquisition
(e.g. Cowen 1988) without prior consideration to what data are required and why.
A typical example of this view can be found in an introductory GIS text, which
states:
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The first steps in developing the database for a geographic
information system are to acquire the data and to place them into the
system.
(Star and Estes 1990, pg. 61)
Benwell (1994) argues that SISs are not so different as to preclude the use of
structured development methodologies.

Even with the increasing amount of

digital spatial data sets that are freely and commercially available, data acquisition
nevertheless remains a major component of SIS development. It is in light of this
that Benwell has proposed coupling a spatial data collection methodology to
established system development methodologies.

The issue of what data are

required and their form (i.e. scale, extent, etc) is addressed during the data
requirements specification phase of the system development life cycle, and the
process of how these data are to be acquired is the concern of the data collection
methodology.

5.2 Spatial Data Requirements
From the review of wildlife management literature in Chapter 3, it appears that
wildlife managers may overlook the issue of what spatial data are required to meet
their objectives. This observation only applies to the acquisition of spatial data
sets, not to the capture of data from field surveys, which are usually well
designed. The use of GIS in this domain tends to be problem oriented, in which
the GIS, and the data therein, is used to provide information concerning a
particular problem at a particular point in time. Therefore, there appears to be a
tendency to ‘make do’ with readily available spatial data sets that may not be
entirely appropriate in terms of scale, accuracy, completeness, etc. For example,
the elevation variable used by Yonzon et al. (1991) as one of three factors to
model panda habitat, was based on 500 metre contour data.
This kind of approach is not appropriate for data concerning Taiaroa Head where
new data are continually being collected, and the SIS must be capable of being
applied to develop solutions to a variety of problems as and when they occur.
Instead, the Taiaroa Head SIS is intended as an on-going data management
system. As such it is developed around a data-driven methodology in which data
requirements are established before attention is given to where data are obtained
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and how they are to be input1.

Data requirements are derived from user’s

information requirements, that is, the output(s) that a system must produce will
determine (in a transaction-based system) what data are stored. For a SIS, these
requirements will also determine what spatial data will need to be obtained (or
captured, if it cannot be obtained from other sources) and input.
The Taiaroa Head SIS, however, is also intended to be used in a decision support
role and therefore must support flexible, exploratory analyses. Therefore, output
requirements alone do not provide a complete specification for the data that are
necessary: analyses that are undertaken will also determine data requirements.
The following list sets out those data that are required for the Taiaroa Head SIS2:

• spatial nest data,
• non-spatial nest attribute data (see Table 4.3),
• elevation data, and
• topographic features: this includes spatial data concerning the
location of coastlines, tracks, roads, fences, buildings and other
man-made structures, and significant natural features that can be
found at Taiaroa Head.
Elevation data are not critical in terms of output requirements, but they are
important from an analytical perspective, since elevation is used to derive other
data such as slope and aspect. Chapter 6 will analyse the relationship between the
locations of nests and the Taiaroa Head landscape in terms of slope and visibility.
Both of these variables are a derivative of height and therefore require a threedimensional digital elevation model (DEM) of the headland to be constructed.
Elevation data need to be sufficiently detailed to permit the construction of a
1

2

This approach differs slightly from the coupled methodology proposed by Benwell (1994), in
which an investigation of available data and sources occurs at the problem identification stage of
the I/E P methodology. Here it is proposed that this phase of data collection is not carried out
until (information) output requirements are defined and system data requirements established.
Investigating data and sources prior to the requirements definition may prove to be counterproductive.
The data sets listed do not include spatial data that may be synthesised (e.g. slope and aspect
data). This includes the boundaries of the Nature Reserve that contains the albatross colony.
The reserve is enclosed by a security fence and the coastline around the headland, and its
boundaries in the spatial database are constructed from these features.
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DEM that accurately models the terrain of the headland. This issue is discussed
further in Section 5.3.1.
Data concerning the topographic features of the headland would also be of use for
analysis, but primarily they will be used here for the purposes of graphic display.
They serve to provide a spatial context to the spatial nest data and assist users in
orienting themselves when viewing graphic displays.
Other spatial data that may be required in the future include vegetation cover and
climatic variables such as (inter alia) temperature, rainfall, sunshine hours, and
wind direction and speed. These are not included in the data requirements at this
stage, as they are not used in the prototype, nor are they available in the level of
detail required. Climate is a critical factor in the survival of albatross at Taiaroa
Head, and many questions concerning the influence of terrain on microclimate
remain unanswered, however, data concerning microclimate variables are not
presently available for Taiaroa Head at an appropriate spatial scale.

The

collection of these data involves an intensive, long-term sampling exercise that is
beyond the scope of this thesis, but should be considered in an operational
implementation.

5.3 Data Collection Phase
5.3.1 Spatial Environmental Data
The first course of action in a spatial data collection methodology is typically an
investigation of existing sources. Spatial data can be obtained from commercial
or government agencies, often in the form of analogue paper maps or
(increasingly) in a digital form. The purchase of data is an attractive option,
because it is less expensive to purchase a data set than to collect it. But purchased
data must meet the requirements of the project in terms of scale, extent,
projection, accuracy and currency.

68

Chapter 5
Topographic data concerning Taiaroa Head is available from Terralink3 in paper
and in digital form. Analogue data from the Infomap series (ref. 260-I44 & J44)
are printed at a scale of 1:50,000 with a contour interval of 20 metres. Digital
data from the Digital Terrain Databases (DTDB) have a source scale of 1:25,000
and also have a contour interval of 20 metres. The point accuracy of these data is
± 22 metres in horizontal position and ±10m in height. Both data sources include
locations of some other features such as roads and buildings but certainly not all
that were specified in the data requirements.
The small scale of the data from both of these sources rendered them
inappropriate: the maximum elevation at Taiaroa Head is 75 metres. At a 20
metre contour interval, both the map and the database would only provide three
contour lines with which to construct a DEM of the headland. For analysis
purposes this was deemed insufficient, necessitating the acquisition of original
spatial data.

Aerial photogrammetry and ground-based GPS surveys were

considered appropriate methods of data capture, given the accuracy and level of
detail required.
Aerial Photogrammetry
Aerial photographs can provide a rich data source because of the high resolution
of the medium, and they are often used to capture spatial data. It is, however, an
expensive exercise to undertake and usually requires the services of a skilled
photogrammetrist to interpret the imagery. Spatial data for Taiaroa Head were
obtained by photogrammetric interpretation of a stereo pair of colour aerial
photographs, taken from an altitude of 3,500ft (approx. 1,000m)4. Interpretation
elicited data for topography (i.e. elevation), buildings and structures, fence lines,
roads, and tracks situated on the headland.

3
4

Terralink New Zealand Ltd., Wellington
This being the minimum altitude from which the headland would be included in the frame and
allow sufficient overlap between the pair to obtain height information.
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Figure 5.1 Data captured from aerial photography

These data were recorded on a paper map5 at a scale of 1:1,000 with height being
represented by contour lines of a 5-metre interval. This map was projected to the
A-North Taieri circuit—a local geodetic datum, and included grid lines at 100
metre intervals. Map scale and contour intervals are dependent upon flying height
and the amount and quality of the ground control that is used to register the
imagery. In this case, the map scale and contour interval represent the maximum
level of detail that was obtainable without compromising the data quality. Data
from this map were then input into the SIS, by manually entering them from a
5

Photogrammetric interpretation was carried out using an optical stereo plotter from which digital
output was not possible. Output to paper map adds an extra step into the data capture process
and provides opportunity for the introduction of error during digitising.
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digitising tablet, forming layers corresponding to the node subtypes described in
the conceptual data model (see Figure 4.1), and are illustrated in Figure 5.1.
GPS Survey
Data elicited from the aerial photography forms the core of the spatial database,
but it was not possible to determine nest positions from this source. Given the
concerns over the accuracy of the locations of nests in the sketch maps that were
stated in Section 4.3.1, a terrestrial survey was also warranted. Such a survey
would also be useful for verifying the layout of the tracks in the reserve where
their boundaries were difficult to distinguish in the photographs, and provide extra
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Figure 5.2 Data captured by GPS survey
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height information within the Nature Reserve.
Capture of accurate nest positions allows inaccuracies in the sketch maps to be
quantified and evaluated (this aspect is discussed further in Section 5.3.2). A GPS
survey was chosen over more conventional theodolite and electromagnetic
distance measuring (EDM) surveys, as it proved to be more productive
(McLennan et al. 1994)6, and reduced the disturbance caused to nesting
albatrosses.
The procedures carried out in this survey and a discussion of the issues that need
to be considered are contained in McLennan et. al. (op cit.) and are not of concern
here. This survey produced an ASCII text data set comprising 505 point features
that are illustrated in Figure 5.2. Each record described the point location in terms
of:

• an unique identifier (GPS point number),
• X coordinate (North Taieri datum),
• Y coordinate (North Taieri datum),
• height (metres above sea level),
• point code (duplicate of identifier but not otherwise used), and
• point description (descriptive text entered on the data recorder at
the time of capture).
GPS data were imported twice, forming two separate layers.

One layer,

containing only height information, comprised spatial point features (established
from XY coordinates) that were tagged7 with the point’s elevation (i.e. the Z
coordinate). This layer was used in the construction of the DEM so all the other
attributes were discarded. The other layer was also constructed in this manner but
was tagged with the unique identifier of the point. An attribute table was also
constructed from the remaining fields and linked with the layer (Table 5.1).
6
7

A transcript of this paper is included in Appendix D.
A ‘tag’ in Genamap is a textual identifier (not to be confused with a ‘feature ID’) that is saved as
part of the spatial record. It may serve one of two purposes: it may be used simply as a textual
label for display purposes or as a unique key that is used to link the spatial record with a nonspatial record contained in a separate attribute table.
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ID
1
2
3
4
5
6

Key
pointnum
height
descn
source
date
quality

Type
CHAR
REAL
CHAR
CHAR
CHAR
CHAR

Description
Unique ID from GPS recorder
Point elevation above sea level
Feature at record point
Method of data capture
Date of data capture
Positional error estimate

Length
4
6
35
20
20
15

Table 5.1 GPS attributes

5.3.2 Spatial Nest Data
Given the concerns over the accuracy of the placement of nest sites in the sketch
maps, differences between nest sites in the 1993/94 sketch map and those
collected during the GPS survey were quantified before other nest sites from other
breeding seasons were input. Potential for further error to be introduced exists in
the method of capturing spatial nest data, and this reinforces the importance of
quantifying differences between the sketch maps and the GPS survey. It was
necessary to capture nest sites using a ‘heads up digitising8’ procedure. Because it
was not possible to register sketch maps onto the coordinate system used in the
Taiaroa Head system, due to the localised distortions they contained, a digitising
tablet could not be used to capture spatial data. (Registration is a process in which
the coordinate space of the map on the digitising tablet is translated onto the
coordinate space used by the GIS software using an affine transformation. Since
an affine transformation is uniform, it cannot correct for non-uniform errors in the
source map.)
Nest sites in the spatial database have been digitised on-screen and positioned
relative to other features that are common to both the sketch maps and the other
layers that were obtained from aerial photography. In most cases, the features
used for reference were the tracks inside the Nature Reserve. Nest sites from the
1993/94 sketch map were plotted against those from the GPS survey (Figure 5.3),
and distances (in metres) between corresponding nest sites were computed. These
differences between the two data sources, and their relative direction, are shown
in Table 5.2.

8

A method by which data are digitised on screen using a mouse rather than a digitising tablet.
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Record No.
0473
0474
0475
0476
0477
0478
0479
0480
0481
0482
0483
0484
0485
0486
0487
0488
0489
0490
0491
0492
0493

Name of Nest Site
Bellavista Track
Platform
Tunnel Gate Track
Bluff
Quarry
Upper Lighthouse Track
Garage Flat
Top Lighthouse Track
Concrete Pad
Above Progeny
Robs Patch
Lower Bluff Track
Plateau
Near Basin
Above Howlett Point
Main Track
Main Track
Island
Above Basin
Richdale’s Track
Below Hutt
Average Difference

Difference (m)
3.6
3.2
0.8
15.7
5.2
21.9
7.7
21.2
2.5
15.7
14.6
17.4
16.5
No data
8.9
6.5
6.5
2.1
5.7
2.3
5.2
9.16

Direction
SW
W
N
NW
SW
SSW
SW
W
N
SSW
N
SSW
SSW
NE
NE
E
NE
W
NE

Table 5.2 Differences in nest site position between sketch map and GPS survey, 1993/94
season (sketch map data compiled by C.J.R. Robertson, DoC).

The magnitude and nature (i.e. the direction) of the error in nest positions is cause
for concern. The amount of error demonstrated in the 1993/94 season must place
the results of any spatial analyses into question, and their erratic nature suggest
that they are non-systematic and therefore are difficult to compensate for with
mathematical transformations. The distortions in the sketch maps are the primary
source of this error but it must be remembered that these maps were never
intended to serve as an accurate data source, merely a record. Also, errors are
compounded because locations of nest sites are based on the judgement of staff
members. It may be possible to assume that nest sites are placed on these maps in
a systematic manner, as the staff at Taiaroa Head have developed an intimate
knowledge of the reserve. But because past nest sites cannot be relocated such an
assumption is impossible to prove.
Therefore, the ‘noise’ that exists in the spatial data must be accepted (but never
forgotten!) and the results of analyses should be examined in light of the amount
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of noise present in the data. The examination of slope carried out in Chapter 6 is a
good example of an analysis that is subject to the presence of such noise. Since
the average difference in position of 9.16 metres is larger than the matrices used to
compute slope (3 and 5 metres), slope values extracted at nest sites could differ
from the nest sites’ true slope. In any case, steps should be taken to reduce
locational error when collecting spatial data in the future; these steps could
involve using maps produced by this information system, or capturing digital data
directly by such means as GPS receivers.
Once the error contained in the sketch maps had been quantified, the remaining
maps from past breeding seasons were input using the same heads-up digitising
technique. Features from the track, structure and fence-line layers were displayed
in the background while the location of nest sites were input onto a new layer,
relative to these existing features. As each nest site was input, it was tagged with
a unique four-digit identifier (see Section 5.3.3, below).
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Figure 5.3 Comparison of GPS & sketch map data sources (sketch map data compiled by
C.J.R. Robertson, DoC).
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breeding season were initially input into separate layers in order to avoid
overcrowding the data entry screen. On completion of input, all nest site layers
were combined into a single layer using map overlay operators. This layer will
hereafter be referred to as the Nest Site layer.

5.3.3 Non-spatial Attribute Data

Incorporating the non-spatial attributes of the albatross breeding records required
considerable modifications to be made to a copy of the original Excel database.
These modifications, and the reasons for making them, have been discussed in
Section 4.5.3, but the key modification was the insertion of the unique primary
key that was lacking from the original database. This primary key consists of a
sequential four-digit number9 inserted into the Excel database as the first field and
is used to relate corresponding spatial and non-spatial records.
Importing Attribute Data into Genamap
When importing attributes from an external source, the construction of a Genamap
Attribute Table (the repository for non-spatial attribute data) requires that attribute
data be in the form of a fixed record length ASCII text file. The attribute table is
constructed by parsing this file through a Layout Schema that defines the structure
of the table. The process of constructing the breeding attribute table used in the
Taiaroa Head system is outlined below:
(a)

Build an Attribute Layout Schema that meets the requirements
specified in Table 4.3. The layout schema is shown in Table 5.3.

(b)

Export the modified copy of the Excel database to an ASCII text
file in comma separated value format.

(c)

Use this file as input to a batch program that removes the comma
field separators and then pads each field value with space
characters to the set field width.

9

This program creates a new

For the purposes of the prototype system a four digit integer is sufficient to uniquely identify all
existing breeding records. In the case of a live system, however, the use of a sequential identifier
with a fixed number of digits ultimately limits the number of records the database may contain.
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ID
1
2
3
4
5
6
7
8
9
10

Key
RecNo
YearObs
RefNo
Success
Status
Species
View
Foster
FosterTo
Returned

Type
CHAR
INTE
CHAR
CHAR
CHAR
CHAR
CHAR
CHAR
CHAR
CHAR

11 HandRear
12 NestSite
13 ParentM

CHAR
CHAR
CHAR

14 ParentF

CHAR

15 1stRet

INTE

16 Sex

CHAR

Description
Length
Primary key
4
breeding season
4
Chick identifier
6
Success/failure of chick
1
Last status of nest occupant
1
(Sub)species of offspring
1
Nest visibility from observatory
1
Foster status of nest site
1
RecNo of foster nest site
4
Chick returned from ocean before
1
fledging
Chick hand reared before fledging
1
Name of the nest site
40
Reference Number of the male parent (if
6
known)
Reference Number of the female parent
6
(if known)
Breeding season chick first returned to
4
colony
(probable) sex of chick
1

Table 5.3 Breeding attribute layout schema

ASCII text Attribute Input file with a “.LI” file name extension that
is required by Genamap. This file is then converted from a DOS
text file to a UNIX text file and transferred to the appropriate
Genamap work area.
(d)

Within Genamap, build the Attribute Table from the Input file and
Layout Schema.

5.4 Integration
One of the major attractions of spatial information systems is their capabilities as
information integrators. The following quote by Dangermond (Dangermond 1989
pp.25 cited in Shepherd 1991) is a typical example of this view:
A GIS brings information together, it unifies and integrates that
information. It makes available information to which no one had
access before, and places old information in a new context. It often
brings together information which either was not or could not be
brought together previously.
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Yet the levels of integration that can occur within a spatial information system are
many. They can range from the integration of ideas from many fields of study
such as (inter alia) agriculture, computing, mathematics, surveying and zoology
(Maguire 1991) to the integration of specialised simulation models (e.g. Steyaert
1993) or analytical techniques (e.g. Benwell et al. 1995). The term integration is
more usually applied to the data held within a SIS, however. For example, the
integration of spatial data from a number of different data sources such as paper
maps, aerial photographs, field surveys, or remote sensors (Aronoff 1991).

In some respects conventional information systems may also be seen as
integrators of data about different things (i.e. entities) through the use of the
relational data model. But SIS integrates both spatial and non-spatial data sets
and allows users to conduct queries across both. This allows users to construct
richer queries of the combined data sets than would be possible from each
individually (Shepherd 1991).

The environmental themes that were identified in Section 5.2 have been integrated
into the Taiaroa Head system by means of a common coordinate reference system,
the North Taieri Geodetic. The use of a common system allows each theme to be
kept logically separate in the database but maintains a co-reference to the same
geographic region across all layers. This allows features from different spatial
layers to be combined, queried or displayed as required.

Spatial nest data have been integrated with the environmental themes by use of the
same mechanism. Nest data have further been integrated by combining records
from all breeding seasons into a single layer. This allows a query to be conducted
across all breeding seasons rather than having to repeat the query for each
breeding season. It is also a more efficient method of storing spatial nest data
than the alternative, which would require more than sixty layers to store breeding
seasons individually. Non-spatial attribute data concerning each nest record have
been linked to the related spatial records by means of a unique identifier that
forms the tag of each nest location as well as the primary key in the attribute table.
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5.5 Sample Queries
The examples discussed in this section are intended to illustrate the types of
queries that can be carried out on the integrated data within the Taiaroa Head
system.

Although the queries discussed are simple, they demonstrate a

considerable improvement on those that could be carried within the previous
manual system, both in terms of the type of queries conducted and the amount of
effort to do so.

5.5.1 Attribute Queries
The example attribute query shown on the left of Figure 5.4 depicts successful and
unsuccessful nest sites prior to, and including the 1972/73 breeding season. This
date coincides with the construction of the first observatory (the Richdale
Observatory) at Taiaroa Head that was open to the general public. The effect of
the observatory on breeding activities has long been of interest to conservation
scientists. The query discussed here is one of a set that can be constructed, that
breaks all nest sites contained in the database into temporal snapshots that allow
general patterns of the spatial distribution of nest sites to be visualised.
The map shown at the left of Figure 5.4 is the result of the selection of nest sites
on the basis of values contained in the Year Observed and Success attribute fields.
The Genamap commands used to construct this query are set out below:
select NEST_SITE boolean YearObs LE 1973

(1)

This command produces a new active table (which is essentially a view of the
database) on which two more queries are posed:
select (1) boolean Success EQ S

(2)

select (1) boolean Success EQ F

(3)

Command (2) selects only those nests from (1) that have “S” (successful) in the
Success field while (3) selects only those sites that failed. The active tables from
(2) & (3) are plotted on the map with different colours and symbology to
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Figure 5.4 Simple attribute (left) and spatial (right) queries (original data compiled by
C.J.R. Robertson, DoC)

distinguish the two types of nest site. The same result could also be produced by
concatenating the logical conditions in the following manner:
sele NEST_SITE b YearObs LE 1973 AND Success EQ S10

5.5.2 Spatial Queries
The map shown on the right of Figure 5.4 is the result of selecting nest sites
according to purely spatial criteria. It depicts those nest sites that are located
within one metre either side of a track feature (i.e. within a one-metre buffer zone
around the tracks). It has always been observed that albatrosses show a distinct
preference for building nests on, or near the tracks that form a network around the
Nature Reserve. Queries of the type used in this example can be used to give
some indication of the proportion of nest sites for which this is the case. This
query shown was quickly produced with the command:
10

The command shown uses legal contractions of Genamap command and parameter syntax.
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(4),

proximity tracks NEST_SITE 1

which selects those features in the Nest Site layer that are within one metre of the
features in the Tracks layer. Once again the results of the query are stored in an
Active Table that can be displayed or use for further queries. The command used
in (4) resulted in the selection of 193 spatial records, which represent 38% of the
total.

5.5.3 Combined Attribute/Spatial Queries
This final example illustrates a combination of both of the queries discussed
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Figure 5.5 Combined spatial and attribute query (original data compiled by C.J.R. Robertson,
DoC)
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above, and demonstrates that more complex queries are possible within a SIS.
The map shown in Figure 5.5 builds on the query described in Section 5.5.2 by
selecting only those nest sites that are within 1 metre of a track (from command
(4)) and were nest sites from which an albatross chick successfully fledged in the
1993/94 breeding season,
sele (4) b YearObs EQ 1994 AND Success EQ S

(5),

the display of the nest sites selected from command (5) is further enhanced by
labelling the sites with the name of the site from the Nest_Site field.
It should also be noted that performing a query on the distances of nest sites from
other features, such as tracks, could not reasonably be performed from the sketch
maps alone. Apart from being a laborious process, the distortion evident in these
maps, as well as the lack of scale information would result in the production of
unreliable information.

5.6 Discussion
It should be evident from the sample database queries described above that there
are advantages to be gained from integrating the diverse data sets pertaining to
albatross activities at Taiaroa Head, and the landscape they inhabit, within a SIS.
The capture of quality environmental data via aerial photography has also been
effective in ameliorating the concerns expressed over the capture of spatial nest
data in the future. One of the first products of the prototype system was a
replacement for the sketch map that is now being used for the on-going capture of
daily records by the DoC staff.
Despite the advantages of the Taiaroa Head system, a limitation has been imposed
upon it by the GIS software with which it is implemented, namely the inability to
manage attribute data in a relational manner; the software only provides limited
attribute management within flat database structures. As a consequence it has not
been possible to fully implement the data model proposed in Chapter 4, resulting
in less flexibility and efficiency than that provided by a relational database.
However, the flat file structure used is still sufficient to demonstrate that an SIS82
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based solution is an effective means of integrating spatial and non-spatial data
sets, and has significant advantages which will be demonstrated in the following
chapters. It is worth mentioning, however, that the limited management of nonspatial attribute data is accepted by developers of GIS software. The argument
that Genasys, for example, give is that there are already good RDBMSs available
from other vendors, and therefore this functionality need not be duplicated in the
GIS software. Genasys provides interfaces to a number of commercial RDBMSs
(e.g. Oracle, Ingress) through client/server protocols that address this deficiency.
It is not expected that this limitation will in any way affect the capability of the
prototype system to demonstrate the advantages of an integrated SIS approach.
However, any full implementation of the system described in this thesis would be
dependent on the use of relational attribute management. This is required for
effective long-term management of attribute data and also provides a greater
degree of flexibility to accommodate future extensions to the database, but is not
such an important issue in a prototype system that has a limited life span. This
issue is discussed further in Chapter 8.

5.7 Conclusion
The SIS described in this and the preceding chapter has been designed to meet
those problems identified and described in Chapter 4. Specifically, the problems
of accuracy of spatial data, integration of spatial and non-spatial albatross
breeding records, the incorporation of environmental data, the analysis of the
relationships between these data, and the presentation of the results of such
analysis.
The integration of albatross breeding data within the framework of a welldesigned spatial information system allows diverse queries to be undertaken
relatively easily and their results to be presented visually. Of particular interest to
wildlife managers however, is the ability to undertake unstructured analyses that
aid in the development of understanding of processes that (may) affect the
location and distribution of nest sites, even though the process itself may remain
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unknown. The next two chapters present three experiments that have been carried
out in order to explore this concept.
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Exploration of Slope and Visibility

This chapter describes two experiments that have been carried out to demonstrate
how the integrated database may be used to explore spatial relationships that exist
between data contained in the Taiaroa Head system. The analyses discussed in
this chapter could not be undertaken in the manual system. The experiments will
explore relationships between the location of nest sites and slope and intervisibility landscape characteristics. The objectives of each experiment will be
discussed and the methodologies used will be described.

Results for each

experiment will be presented and discussed, and conclusions will be drawn.

6.1 Introduction
From the literature reviewed in Chapter Three, the use of GIS for wildlife
management has been for assessment of habitat requirements and prediction of
suitable habitat areas for a particular species. There are two broad approaches to
habitat assessment (Johnson et al. 1991). Where habitat requirements are known,
a deductive approach can be taken to determine whether a particular area provides
suitable habitat and/or predict the amount and extent of habitat available to a
target species within a given region. Where habitat requirements are not known,
they may be established inductively from the coincidence of habitat variables at
known locations of the target species.
Habitat is an important factor in wildlife management, because not only is it an
important determinant of species presence or absence (Griffiths et al. 1993), but
also because wildlife populations are rarely mapped (Johnston 1993). Populations
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may be highly mobile and dynamic, making the mapping of them difficult and the
time and expense involved prohibitive.

Therefore understanding habitat

preferences and developing habitat protection programs are often the most
effective means of protecting a species (McNeely et al. 1990).
At Taiaroa Head, the slope of the terrain is one habitat variable that influences
where albatross nest sites are located. It has been observed that nests are usually
located on relatively flat areas of the Nature Reserve. The experiment discussed
below was carried out to induce what the slope requirements of the albatross are,
and demonstrate that the prototype system is capable of carrying out habitat
analyses comparable to those found in the literature review.

6.2 Analysis of Slope
Slope is a fundamental element in the analysis and visualisation of the
characteristics of landforms (Chang and Tsai 1991; Sharpnack and Akin 1969)
and is also an important variable in the analysis of spatially referenced problems
(Skidmore 1989). The slope at any point on a surface, such as that modelled by a
DEM, can be defined by a plane at right angles to the normal of the surface at that
point. The slope of the plane is based on the elevations of surrounding points
(Figure 6.1). Slope, as defined by Burrough, has two components: the gradient,
which is the maximum rate of change in elevation, and aspect, which is the
direction of the gradient (Burrough 1986, pg. 50). Often the terms slope and
gradient are used interchangeably so that ‘slope’ is used to refer to the gradient of
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Figure 6.1 Definition of Slope
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the slope. Aronoff (Aronoff 1991, pg. 216) makes the distinction that slope need
not necessarily be expressed as a gradient but may measure a change in elevation
in any arbitrary direction.

This is an important point to bear in mind when

considering how slope values are computed (see Section 6.2.2).
DEMs that contain a representation of land surfaces have become a major
component of spatial analysis in GIS (Weibel and Heller 1991). Derivation of
slope data is a computationally straightforward task since slope and aspect are
first order derivatives of elevation data contained in DEMs (Burrough op. cit.).
Using a derived slope layer, it is a relatively simple process to extract the slope of
any point of Taiaroa Head that is, has been, or has potential to be a nest site.
From analysing slopes of historic nest sites, it becomes possible to determine,
with some degree of confidence, what range of slopes are suitable, and to go on to
ask such questions as: “What area(s) of Taiaroa Head can be used by royal
albatrosses for nesting, on the basis of slope?”

6.2.1 Experimental Objectives
The analysis of slope as a habitat variable is designed to demonstrate the
following advantages that are offered by an integrated SIS:
(a)

The abilities of SIS for the synthesis and storage of environmental
data, such as slope, that are difficult or time consuming to obtain
from direct measurement. This is shown by producing a number of
slope maps for Taiaroa Head using a variety of methods and
extracting slopes from each for a set of nest sites for a specific
breeding season. Each set is then compared to slopes manually
measured for the same season.

(b)

That slope data from past nest sites can be obtained and analysed to
validate the hypothesis that albatrosses select nest sites on
generally flat terrain (Mills 1990, Robertson 1995 pers. comm.).

(c)

The use of inductive analysis to synthesise new data regarding the
relationship between slope and nest sites in order to gain new
information about albatross habitat requirements.
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Figure 6.2 Roving window used for computing slope from elevation

(d)

To use this newly acquired information to predict the extent of land
within the Nature Reserve and for the entire headland that provides
suitable habitat for nesting on the basis of its slope.

6.2.2 Method
Generation of slope maps
Computation of slope from a DEM is a neighbourhood operation whereby the
value of each grid cell (Zx,y in Figure 6.2) in the resultant slope map is determined
by computing the difference in elevation between that cell and elevations of a
matrix of cells that surround it (Burrough 1986; Sharpnack and Akin 1969). The
matrix forms a ‘roving window’, or what Burrough terms a ‘kernel’ that
incrementally passes over each cell1 in the DEM. The value that is assigned to the
corresponding cell in the slope map is a function of the size of the matrix used
(i.e. the distance on the ground that the cell represents) and the method used to
compute the slope from its neighbours.
Six slope maps were derived from the Taiaroa Head elevation model. Each was
produced by varying the two parameters of the size of the matrix used and the
method used to compute the slope of the centre cell. There are four possible
methods of computing slope with Genamap:
(a)

Minimum; the value of the neighbour that has the smallest slope is
assigned,

1

Slopes will not be computed for the cells that are at the outer boundary of the DEM as they
cannot be at the centre of the roving window.
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(b)

Maximum; the value of the neighbour that has the greatest slope is
assigned,

(c)

Average; the average slope of all neighbours is assigned, and

(d)

Sum; the vector sum of slopes in the cardinal directions north-south
and east-west is assigned.

Three of the methods; minimum, average and sum were used in this experiment.
The average method tends to produce smooth slope maps and the sum method is
claimed to produce the most accurate estimate of slope2. The maximum method
was not assessed, as it would yield results that are not an accurate representation
of the slopes of the headland within the context of the experiment. Observational
evidence indicates that albatross prefer generally flat terrain and slope values
generated by the maximum method would contradict this observation.
Each of the three methods used were computed on a 3×3 and 5×5 cell roving
window (Figure 6.2 illustrates a 3×3 cell matrix).

In this case slopes are

calculated from distances of three and five metres (in north-south and east-west
directions) as the cells in the DEM represent one square metre. As a general rule,
larger matrices tend to produce smoother slope maps with both the average and
sum computation methods.
Values in each of the six slope maps represent slope as a percentage rise over run,
that is, the change in elevation over horizontal distance.

These values were

converted to a degree of arc value using the formula,
 %slope  180
degree slope = arctangent
×
,
 100  π
creating a new continuous raster3 map in each case. Each continuous map was
reclassified into a discrete4 raster map in which slopes were classified into 90
categories of one-degree slope classes in order to minimise file sizes.

2

Genacell Version 6.2 reference manual, pp. SLOP 2, Genasys, 1995.
A raster map in which cell values can be any real number.
4
A raster map in which cell values are integers representing a class or category of data.
3
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Selection of an appropriate slope map
The combination of parameters used produced six quite different slope maps. It
was necessary to select one that ‘best’ approximates the terrain of Taiaroa Head.
In most, if not all, GIS both slope and aspect are calculated from an abstract
model of the elevation of the area under study—the DEM. The accuracy of slope
and aspect data is therefore dependent on the resolution of the DEM (Chang and
Tsai 1991). Higher resolution DEMs produce more accurate slope and aspect
data, but incur higher processing overheads in doing so.

The DEM itself,

however, is often the product of interpolated elevation data obtained from contour
lines and/or spot heights. Therefore, slope and aspect data are a result of two
stages of processing, interpolation and derivation, both of which introduce an
error component to the data (not to mention any error inherent in the source data).
This makes it difficult to state with confidence that any given slope map
accurately represents reality.
A prior study of nest site selection criteria carried out by Mills considered slope as
a determining variable of nest site location (Mills 1990). As an experiment Mills
measured the slope of 20 nest sites during the 1989/90 breeding season using a
spirit level. Slopes were calculated along each side of a square (2 metres per side)
that surrounded each nest site and averaged. Using this method Mills claimed an
average slope for all 20 sites of 14.1cm/m, or approximately 8° (pg. 15). On reexamination of his individual measurements (see Appendix B) the average slope
has been found to be 28.4 cm/m, or 15.7°5.
These corrected figures serve as a control that derived slope maps from the SIS
may be compared against. For each map, slopes at the same 206 nest sites for the
1989/90 breeding season were extracted and summary statistics (means, standard
deviation, etc) calculated. Differences between these and Mills’ observations are
calculated for each method, and summary statistics calculated. The results of this
5

Mills appears to underestimate slope values by a factor of two, possibly due to the size of the
square over which slope was measured. The slope values used here are those computed from
Mills’ observations rather than those reported in his results.
6
There are actually 23 nest sites listed in the database for this season. However, Mills did not take
measurements at two sites for fear of disturbing the birds occupying them. The third is that of a
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comparison are contained in Appendix B. The best method of calculating slope
was selected from a comparison of the mean differences between each method
and Mills’ observations.

A paired two-tailed t-test was used to select the

method(s) that produced an insignificant observed difference in the mean
(mean/std. error) at a 0.95 level of confidence. Only the two slope maps produced
using the average method had an insignificant observed difference in the mean at
this level of confidence (see Section 6.2.3, below).
Analyse distribution of nest slopes
Once the most appropriate method of computing slope data had been determined,
the slopes of historic nest sites were extracted and the mean and standard
deviation of their distribution calculated. Only the slopes of nest sites after the
1968/9 breeding season were extracted, however. As discussed in Section 4.3.1
the use of the sketch maps for recording the location of nest sites did not occur
until this time, and locations of nest sites prior to this have been inferred. For the
purposes of this experiment, nest sites prior to the 1968/69 breeding season have
been excluded as being unreliable7. Of the 505 nest sites in the database, 315
occurred after this time and were included in this analysis.
Extrapolate an habitat suitability map
From the summary statistics derived in the previous step, a habitat suitability map
was produced for (a) the area of Taiaroa Head within the Nature Reserve and (b)
the entire headland. Each habitat map shows the area(s) that provide a suitable
habitat for nest sites that are based on (a) zero slope (i.e. flat) to one standard
deviation above the mean nest slope (84% of observed nest sites), and (b) zero
slope to two standard deviations above the mean nest slope (97.5% of observed
nest sites).

double female pair, each recorded as having a nest site in the DoC records when in fact only one
nest site existed.
7
The process of comparing the mean of the slope distributions for each period may also provide a
method of establishing if there is a difference between them.
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6.2.3 Results
Selection of best slope computation
Distributions of slopes generated by the minimum method have a mean of 3.07°
for the 3×3 matrix and 1.33° for the 5×5. Differences between these and the
means of Mills’ observations (see observed mean differences in Appendix B) are
-9.2 and -10.01 respectively, which are significant at the 95% confidence level (t
= 2.093). The hypothesis that slopes derived by these methods are the same as
those recorded by Mills is, therefore, rejected.

That the coefficient of the

observed differences in the means is negative indicates that the mean of the
distribution curve is lower than that of Mills. Implications of this with respect to
albatross behaviour are discussed in Section 6.2.4, below.
A similar result was obtained for both maps produced by the sum method. The
mean slope of the nest sites in these maps was 24.98° for the 3×3 cell matrix and
40.5° for the 5×5, with an observed difference in the mean of 4.90 and 10.42
respectively. Consequently, these methods of deriving slope were also rejected.
The differences between the means of both maps produced by the average method
(17.15° and 16.89°) and the mean of Mills’ observations were insignificant at the
95% confidence level (0.9 and 0.65 respectively).

For these methods, the

hypothesis that derived slope data, regardless of the window size used, and Mills’
are the same is, therefore, accepted. These results also suggest that the DEM used
to calculate slope is an accurate model of the terrain at Taiaroa Head.
Distribution of nest slopes
The distribution of the slope of all 315 nest sites after 1968/69 for the slope map
computed on a 3×3 matrix, using the average method, has a mean of 13.82°, with
a standard deviation of 6.18° (see Appendix B). The distribution of slopes for the
minimum and sum methods for the 3×3 matrix were also analysed, and the
distribution curves of all three methods, using a three step moving average, are
shown in Figure 6.3. All methods were included to show the amount of variation
produced by each method.
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Nest Slope Distributions (post 68/69)
- 3 step moving average for 3x3 cell methods
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Figure 6.3 Nest slope distributions

The average method produced acceptable results for both the 3×3 and 5×5 cell
matrices. However, the slope map produced from the 3×3 matrix was used in the
next stage. The map produced from the 5×5 cell matrix produces a statistically
better result due to the smoothing effect caused by the larger matrix size. But
slopes in the immediate vicinity of a nest site are expected to have a greater
impact on its location than those over a greater distance.
Habitat suitability maps
Two habitat suitability maps, illustrating the amount of habitat available within
the Nature Reserve and for the entire headland, on the basis of slope, are
illustrated in Figure 6.7 (pg. 104). Both maps show suitable habitat from zero
slope to one standard deviation above the mean slope (84% of observed nest
sites), and zero slope to two standard deviations above the mean slope (97.5% of
observed nest sites).

Nature
Reserve
Entire
Headland

0°° - x + 1σ
σ
32,576
84,427

The stated percentages of observed nest sites are

Area (m2)
Diff.
0°° - x + 2σ
σ
41,256

8,680

Total

Ratio (% of total)
0°° - x + 1σ
σ
0°° - x + 2σ
σ

62,536

97,662 13,235
129,583
Table 6.1 Areas of suitable habitat

Diff.

52.09

65.97

13.88

65.15

75.37

10.21
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approximations only. The skewed nature of the distribution of slopes makes exact
predictions difficult. Examination of the areas in layers comprising these maps
show that 32,576m2 of land within the Nature Reserve has a suitable slope at one
standard deviation above the mean (52.09% of the reserve) and 41,256m2 is
suitable two standard deviations above the mean (65.97% of the reserve). For the
entire DEM, 84,427m2 (65.15%) is within one standard deviation and 97,662m2
(75.37%) is within two standard deviations (see Table 6.1). This suggests that
there is a proportionally greater area of habitat with a suitable slope outside the
Nature Reserve, an area that is used mainly by tourism infrastructure.

6.2.4 Discussion
The analysis of slope as a habitat variable demonstrates that the Taiaroa Head
system does facilitate qauntitative inductive analysis of spatial variables, but there
are a number of aspects of the analysis described that need to be taken into
account.

First, it must be remembered that the analysis of a single habitat

variable, in isolation, is simplistic. The slope analysis, however, was undertaken
not so much to provide any ‘true’ answers but to demonstrate an approach by
which data in the system may be synthesised, extracted, analysed and then used to
produce meaningful information.
Second, even if slope was the only variable influencing the location of albatross
nest sites, the method described would still benefit from some fine-tuning. The
habitat suitability maps (see Figure 6.7, pg. 104) indicate some areas of Taiaroa
Head as being slope-suitable that patently are not. For instance, there are a
number of zones that are shown as being suitable around the coastal margins that
are unsuitable because either royal albatross cannot access them, or they lack
vegetation for nest building and because they are too close to the ocean. Nor does
this analysis take into account areas of the Nature Reserve that are used as
breeding sites by other species of seabirds. These factors do not invalidate the
analysis described here, but they do demonstrate how it may be fine-tuned by
including more detailed knowledge of the interactions that occur at Taiaroa Head.

94

Chapter 6

Track

∆e

∆e

1m

∆e
1m

1m
1m

Figure 6.4 Terracing effects

Third, use of the minimum method for deriving slope information has some
interesting implications when the slope of albatross nest sites is considered. The
distribution curve of slopes generated by this method shown in Figure 6.3 strongly
supports the hypothesis that albatrosses prefer to select nest sites on flat terrain.
But as far as the birds themselves are concerned, their prerequisite may well be
that access to the nest site is an important factor. Birds will often take off and
land some distance from their nest, using the tracks that were constructed during
Taiaroa Head’s fortification as pathways to them.

These tracks result in a

terracing effect (Figure 6.4) within the Nature Reserve, whereby slopes in
directions parallel to a track are significantly lower than those that lie in a
perpendicular direction. It has already been found that 38% (see Section 5.5.2) of
nest sites occur within one metre either side of a line feature representing a track
(an area which comprises just 10.24% of the Nature Reserve), supporting an
observed preference for nesting in these locations. Therefore an analysis in terms
of the smallest slope in the area about a nest has some justification.
Finally ,an interesting result from this analysis may be obtained when the amount
of land that is slope-suitable inside the Nature Reserve is compared to that which
is not in the reserve. From Table 6.1 it can be seen that 32,576m2 of land in the
reserve is suitable. Subtracting this figure from that for the entire headland leaves
51,851m2 of slope suitable land outside the reserve, 77.34% of the total. The
implication is that the major part of Taiaroa Head that would provide suitable
habitat for albatrosses on the basis of slope is not available because it is used for
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tourism activities. This includes a large area of flat land, formerly the parade
ground at Fort Taiaroa that is now used as a car park. Albatrosses had been
nesting, or attempting to nest in this area from the 1920s (DoC 1992b, pg. 39) to
the 1950s (Robertson 1993a).

6.3 Visibility Analysis
6.3.1 Introduction
It has been noted in Section 2.5.2 that the Richdale observatory at times is being
used to its maximum capacity, yet more than half of the tourists visiting the
colony do not make the trip to the observatory. Because of the steep terrain in the
area of the observatory, only a small proportion of the Nature Reserve is visible
from it and the albatrosses themselves have displayed an increasing resistance to
building nests within its view (Hyde 1993; Robertson 1993a). Causes for this
behaviour will not be investigated here, though the observatory and its windows
are strongly implicated (Robertson, 1996

pers. comm.).

It is impossible to

guarantee that a visitor will be able to see any nests from the observatory, as was
the case in the 1996/97 season.
A proposed solution to this problem has been the installation of a number of
remote video cameras inside the reserve that are linked to monitors in the Visitor
Centre. Several advantages are offered by such a system. The cameras are small,
a fact which minimises disturbance to the birds, and allows them to be moved
easily, thus providing flexible coverage; the coverage obtained by using a number
of cameras should be ample to allow viewing of nesting albatrosses or chicks,
ensuring a rewarding experience for tourists. The issue then becomes one of
selecting positions in the Nature Reserve at which to install the camera mounts
and fixed cabling that achieves the most complete coverage of the headland. It is
this issue which is explored in this experiment.
Information regarding the inter-visibility of pixels in a DEM may be derived from
variants of hidden line algorithms (Burrough 1986, pg. 49). Pixels are considered
to be inter-visible if they can be joined by a straight line that lies above the terrain
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Observer
Position
Screened

Figure 6.5 The concept of inter-visibility

and intersects it only at the end points of the segment coinciding with the two
pixels being considered (De Floriani and Magillo 1993).

This concept is

illustrated in Figure 6.5. Analysis of inter-visibility information (hereafter termed
a viewshed) is of use in site selection studies for the placement of structures such
as observatories and transmission towers, as well as for civil engineering and
landscape architecture applications (Aronoff 1991; Lee 1991).

6.3.2 Experimental Objectives
The viewsheds of twenty-three pre-selected locations at Taiaroa Head (18
locations inside the Nature Reserve that are proposed video camera positions and
5 outside the reserve) are analysed in order to:

• Assess the interaction between locations of nest sites and the
topography of Taiaroa Head in terms of the visibility of nest sites
and the birds that are using them.

• Provide a means of carrying out feasibility studies for a proposed
management action that does not create a risk of disturbing nesting
birds, as the proposal is tested on a model of the colony rather than
the colony itself. This approach has a further advantage in that
once optimum camera sites have been established, cable routes can
also be planned and costs estimated more accurately.

• Demonstrate how the graphic outputs from such an analysis may
aid the decision making process.
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6.3.3 Method
Selection of proposed camera sites

Eighteen of these sites are located within the Nature Reserve and comprise the
proposed sites for locating cameras for video surveillance of the colony. The

path to the Richdale Observatory. These sites are not intended as camera sites but
were included in order to assess the visual impact on the colony from parties of

Pre-selection of sites, followed by a visibility analysis, is not the usual procedure
for conducting site selection analyses. Normally, sites are selected on the basis of
(Lee
1992)
normally have a greater visibility dominance over other cells and hence, would be
good candidates for observation sites. However, the sites used in this analysis

Head’s topography and, while sites were not selected as systematically as an
automated procedure might select them, are still in all likelihood good candidates.
Viewshed generation
For each of the twenty-three points, a raster viewshed map is generated using the
VISTA command in Genamap. Some of the VISTA parameters available that
were used in this analysis are:

• Visibility Option.

A point-to-area computation was used to

determine all cells that are visible from a single observer cell (the
proposed site)

• Identify observer cell. Observer cells were defined interactively
using cursor (mouse) input.

• Observer offset. Used to offset the height of the observer cell so
the height of the observer (camera) can be factored into the
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analysis. For this experiment, all observer offsets were set to 1.5
metres – slightly lower than average eye level.

• Beginning and ending sector. Defines start and end compass
bearings that are used to limit the extent of the analysis in the
horizontal plane. In this experiment, no sectors were specified,
allowing the analysis to run through a full 360°

• Viewing Distance.

The maximum radial distance around the

observer cell for which visibility will be calculated. No viewing
distance was set for this analysis, allowing visibility to be
computed to the boundary of the map.
Post processing
Cells included in each viewshed layer (i.e. those that are visible from the
observation point) contain values carried over from the source DEM–the elevation
of the cell. Each viewshed also contains a number of cells that represent water
areas around Taiaroa Head that, although visible, are surplus to the analysis. Cells
representing water were filtered out of the viewshed and viewshed cell values set
to a Boolean value8 using the command,
EXTRACT <viewshed> <resultant>

(a),

ASSIGNING 1 TO 0.5 THROUGH 100

(b).

Viewed cells that are not part of Taiaroa Head, having an elevation value of zero
metres, are not transferred to the resultant layer.
Generate composite visibility layer
A composite viewshed that combines the viewsheds of all twenty-three proposed

the composite are the result of adding the values of all coincident cells from
individual viewsheds. Therefore, for each cell in the composite, it is possible to
8

viewshed layers therefore have a value of either zero or one, zero representing ‘not
visible’ and one representing ‘visible’.
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determine the number of proposed sites from which it is visible. Using this

any cell is visible. However, this could be achieved by using a base-2 numbering
system in the individual viewsheds (e.g. in each map visible cells have a value of

a unique combination of individual viewsheds.

6.3.4 Results
Results of the viewshed analysis, in the form of a composite map for all of the
6.6. It shows,
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Visible Observation
Points
1
2
3
4
5
6
7
8
9
Total

2

Area (m )
20,750
14,917
8,558
10,112
7,763
2,548
23
13
1
64,685

% of Total
Visible Area
32.08
23.06
13.23
15.63
12.00
3.94
0.04
0.02
0.00
100

% of Headland
(129,583m2)

16.01
11.51
6.60
7.80
5.99
1.97
0.02
0.01
0.00
49.92

Table 6.2 Visibility areas

to a maximum of nine observation points (areal data is provided in Table 6.2). It
can be observed that areas with the highest visibility are those around, and to the
Southeast of, the Visitors Centre.

Areas within the Nature Reserve have

comparatively low visibility due to the steep topography of the area.

The

visibility of much of the area to the South of the Richdale Observatory is
attributable to the five observation points along the observatory access path
outside the Nature Reserve (although the two points by the observatory also
contribute). It can be concluded from this that the access path is quite exposed
visually, particularly to that area within the Nature Reserve that is to the South
and West of the path. This area was once a favoured nesting area, but since 1972,
when the observatory was opened, there has been only one nest recorded in this
area.
Although Figure 6.6 provides no information regarding which cells are visible
from which observation points, such information is relatively easy to obtain for
each point by examining the individual viewshed layers that comprise it.
Information for a subset of the observation points that are analysed here can also
be generated by repeating the process described in this experiment.

6.3.5 Discussion
One major factor influencing the visibility of nest sites that was not considered in

that could influence inter-visibility. Vegetation height was not included as a
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variable in this analysis, since no vegetation data is contained in the database at
this stage. Genamap’s VISTA command is capable of allowing for heights of
features that may interfere with a viewshed; a ‘screen map’ containing values
representing heights of vegetation (and buildings) can be specified. During the
analysis these heights can be added to the elevation values in the DEM with the
exception of those cells that are identified as observer cells. For a more thorough
analysis of inter-visibility, the height of vegetation should be considered. Royal
albatross sometimes use long grass or patches of thistle growing in the Nature
Reserve for shelter and this could influence the visibility of nests from camera
positions.
The visibility of individual nest sites is not explicitly considered in this viewshed
analysis. In order to determine which sites are visible from any of the proposed
observation points, a layer containing the nest sites in question must be overlaid
with the desired viewshed layer. Visible and non-visible nest sites can then be
identified as required. The visibility of any particular nest site in relation to an
observation point can also be determined interactively with the VISTA command
by specifying a ‘point-to-point’ operation. An observation cell (the observation
point) and a viewer cell (the nest site) are entered using a mouse or by typing cell
coordinates. Output from this operation is a text message stating that the viewer
cell is, or is not, visible.

6.4 Conclusion
The two experiments described in this chapter have demonstrated the
effectiveness of the Taiaroa Head information system in exploring and graphically
visualising simple spatial relationships between the location of albatross nest sites
and characteristics of the surrounding landscape.

In the case of the slope

experiment, the ability to make reasonable predictions based on the information
produced was also demonstrated. An important advantage of the abstract model
of Taiaroa Head contained in the system is that answers to ‘what if’ questions can
be obtained with no impact on the breeding colony itself. This was demonstrated
in the visibility experiment.
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The experiments discussed in this chapter have investigated spatial relationships
between albatrosses and their environment. Spatial (and temporal) relationships
between individual birds in the colony are also implicitly recorded in the nonspatial attribute database, and are open to examination. The following chapter
looks at how these relations can be extracted from the database and explored,
using the example of the dispersal of the albatross population across generations
within the colony.
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Population Dispersal

This chapter describes an experiment that explores spatial relationships that are
implicitly stored in the Taiaroa Head system’s attribute database. This experiment
will extract and describe spatial relationships between the place where an
albatross was raised as a chick and those places it subsequently chose for its own
nest sites when it returned to the colony as a breeding adult, i.e. the dispersal of
the population between generations. The experiment will explore the dispersal of
the offspring of one ‘seed’ bird that accounts for approximately one quarter of all
nest sites recorded at Taiaroa Head. As was the case in Chapter 6, the exploratory
analysis presented in this chapter is one that would be an extremely difficult and
time-consuming undertaking in a manual system. A working definition of the
term dispersal will be developed, objectives of the experiment will be set, the
methodology used will be described, results will be presented, and ways in which
they may be interpreted will be considered. Limitations in the methodology and
complicating factors noticed in the database will be discussed, and conclusions
from the experiment will be drawn.

7.1 Introduction
From both the previous chapter and Chapter 3, it can be seen that there is a body
of literature on the use of GIS for habitat assessment and prediction. These
approaches tend to focus on the management of habitat as a surrogate for the
management of a species on the assumption that the best means of protecting any
species is to protect its habitat (McNeely et al. 1990).
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There is less evidence of the application of SIS in ecology, defined by Haeckle in
1869 (in Hansson 1992) as “the total relationship between animals (or organisms)
and their environment, including other organisms”. But in practice, ecological
studies have traditionally been more species based, concentrating on interactions
that have an effect on the number of organisms, and the changes in those numbers
over time (Johnston 1993).

Also, spatial interactions between organisms are

either simplified by assuming their environment is homogeneous, or by assuming
that an occurrence at one point in space was independent of other occurrences in
other places (Johnston 1989). This has happened as a matter of necessity, since
ecologists have had at their disposal neither the tools for effectively handling
spatially referenced data, nor an abundance of spatial ecological concepts and
theory (Aspinall 1994). Neither have they had access to tools for the analysis and
description of the spatial patterns (Kemp 1992) that are the artefacts of (inter alia)
interaction among organisms (Urban et al. 1987).
A more recent sub-discipline of ecology, that of landscape ecology, takes a less
species-oriented approach by considering also the characteristics of landscape and
the spatial and temporal interactions between it and organisms (Bridgewater
1993). Forman and Godron define it more rigorously as “ . . . the study of
structure, function and change in a heterogeneous land area composed of
interacting ecosystems.” (Forman and Godron 1986, pg. 595). Urban defines
landscape ecology more practically as the study of the landscape, its patterns, and
how they develop. Landscape studies, by definition, consider larger spatial and
longer temporal scales than ecologists are typically concerned with and this can
create problems. For example, the sourcing and integration of data at different
scales, the loss or gain of information content as scale changes (Michener et al.
1994), or whether processes of interest and/or significance are detectable at a
given scale, and the results of analyses varying with changes in scale (Wiens
1989, pg. 101).
GIS can play a role in addressing the problems associated with landscape oriented
studies (Stow 1993). The most promising capability in this respect is an ability to
conduct exploratory analyses on spatial databases. Spatial analysis is defined by
Haining as a “. . . collection of techniques for analysing geographical events
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where the results of analysis depend on the spatial arrangement of the events.”
(Haining 1994, pg. 45) An aim of spatial analysis is the exploration of patterns
exhibited by geographic phenomena (which can be followed by quantitative
description) and relationships which may exist between them (Haslett et al. 1990)
with a view toward developing hypotheses about the processes that give rise to
them (Openshaw et al. 1990). From a landscape ecology perspective, spatial
analysis is concerned with the interpretation and description of the geometric
properties of structural (e.g. habitat patches and corridors) and functional elements
(the movement and use of structural elements by organisms) of the landscape
(Aspinall 1994). At the exploratory stage the problem is one of ‘finding the
questions’ (Everitt and Dunn 1983) for the relationships between geographic
phenomena.
From the perspective of the analysis that will be presented in this chapter,
important biotic agents in pattern formation are the demographic processes of
birth, death, and dispersal (Urban et al. 1987). The analysis of dispersal that is
presented in this chapter is exploratory in the sense that the processes responsible
for the pattern of nest sites observed at Taiaroa Head are complex. Analysing this
pattern in terms of the demographic processes of birth and dispersal of individuals
among the population is intended to show how information concerning these
processes, implicitly recorded in the attribute database, can be used to explain the
observed pattern. It is important to recognise that there are other processes that
may have equal, if not greater influence, but at this stage these can not be
examined. This will be discussed below.

7.1.1 Definition of Dispersal
The terms dispersion and dispersal have specific meanings in ecology that are
used to describe the organisation of populations (Emmel 1973).

Spatial

dispersion refers to the distribution of individuals in the population at a given
point in time. There are three general patterns of dispersion. Random, which is
rare. Uniform, which is reasonably common particularly where territorality exists,
or competition for resources is severe, as is often seen in nesting colonies of
seabirds, and clumped, an irregular, non-random pattern of distribution that is
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often caused by social aggregation or local habitat differences. Spatial dispersal
refers to the movement of individuals into or out of the population. It takes three
forms: immigration, emigration and migration. Immigration is one way dispersal
into a population. Emigration is one way dispersal out of the population, and
migration is the periodic departure and return of individuals to and from an area,
most commonly following a seasonal cycle. In this chapter however, the term
dispersal is used to describe the movement of individuals within the population
across generations from parent to offspring. In a sense, it is a form of migration
that is internal to the population that is subject to both short-term (e.g. a single
breeding season) and long term temporal aspects (a single generation of offspring
can encompass several decades).

7.2 Objectives
The dispersal of birds is explored in order to:

• demonstrate the exploratory extraction of spatial relationships that
exist among records in the attribute database, but which are not
explicitly recorded in the spatial database, and

• demonstrate the construction of spatial features to represent such
relationships for graphical presentation and interpretation.

7.3 Method
The question of how birds disperse, i.e. what determines the relationship between
the location where a chick is raised and those places it selects as nest sites if it
returns as a breeding adult, is one in which those managing the colony have been
interested, but has been difficult to analyse. For the experiment conducted here,
the descendants of one bird, known as ‘Grandma’, are traced through the database.
Grandma was one of the first recorded birds to nest at Taiaroa Head in 1937, and
continued to do so until the 1988/89 season. Her breeding records along with
those of the five generations of her progeny account for 161 of the 505 nest sites
recorded up to the end of the 1994/95 breeding season.
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The method of analysing dispersal relationships involves an interactive process
carried out in three phases. The first phase, identifying which nest sites to include
in the analysis was carried out manually.

The second and third phases,

establishing an explicit spatial relationship between these sites by forming
connecting lines, and describing the nature of the relationship in terms of a
distance and bearing between sites, was automated with the use of Genamap
scripts.

7.3.1 Phase 1: Identify Descendants
Direct Descendants
(a)

Grandma’s direct descendants (and locations where Grandma
nested) were identified by selecting records in the database in
which Grandma’s Reference number was contained in the ParentF
field and the Success status field was true, e.g.:
select NEST_SITE a ParentF eq ‘D1’ and Success eq ‘S’

A search was also carried out to select Grandma’s nest sites that
failed, i.e. those records in which the Success field contained ‘F’.
(b)

Each search results in the production of a Genamap active table.
This is essentially a view of the map(s) that contain only those
records matching the search criteria. Both active tables were saved
as new type 4 maps named “D1_S” and “D1_F” for display
purposes.

(a)

For each record in the map containing the successful offspring,
Chick reference number, sex, and breeding season (YearObs) were
noted (derived maps retain the link to the attribute database hooked
to the map that was searched).

Subsequent Generations
(a)

For each record in the successful group from step (c) above that
returned to the colony to breed, repeat steps (a) through (c) above,
searching the entire database again to locate the successful and
failed sites.
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(b)

Each active table produced was saved with a name that combined
the reference numbers of the bird’s parent and its own, as well as a
status flag to indicate whether the map contains successful or failed
sites.

(c)

Repeat this process for the next generation.

Tables showing the results of this phase are included in Appendix C.

The

C66
61/62_C66S(5)
61/62_C66F(5)
C71
61/62_C71S(6)
61/62_C71F(1)

74

61/62
D1_61/62S(14)
D1_61/62F(2)

C31

C78
61/62_C78S(4)
61/62_C78F(3)

C142
C71_C142F(1)
C136
C78_C136S(1)

C17
61/62_C17F(5)
C4
61/62_C4S(5)
61/62_C4F(2)

D1_C31F(1)
C27

C33
C4_C33S(1)

C135
C70_C135F(2)

C70
C4_C70S(3)
C4_C70F(4)
C144

61/62_C27F(3)

C70_C144F(1)

C107
61/62_C107S(1)
61/62_C107F(2)
74
D1
D1_S(11)
D1_F(14)

C36
61/62_C36S(3)
61/62_C36F(1)

C90
C36_C90S(3)
C36_C90F(2)
C119
C36_C119S(1)
C36_C119F(3)

C52
61/62_C52S(5)
61/62_C52F(6)
80
D1_80S(2)
D1_80F(1)

74
80_74S(13)
80_74F(2)

C66

C63
D1_C63S(5)
D1_C63F(5)

C112
C63_C112S(1)
C63_C112F(3)

C50
74_C50S(5)
74_C50F(5)
C32
74_C32S(2)
74_C32F(1)
C137
74_C137S(1)
74_C137F(1)

C127
C52_C127S(1)
C52_C127F(1)
C80
C32_C80S(4)
C32_C80F(3)
C91
C32_C91S(4)
C32_C91F(3)

Notes
1. Bold text indicates the reference number of a descendant bird
2. Items in a dashed box are duplicated
3. Items under the reference number show the name of the Genamap map name that contains the nest sites used by
the bird. 'S' indicates successful nest sites, 'F' indcates failures. Numbers in brackets indicate the number of nest
sites in a map.

Figure 7.1 Grandma's descendants (source data compiled by C.J.R. Robertson, DoC)
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occurrence of inter-family breeding results in chicks that have related parents is
noted by square brackets surrounding the reference number of shared parents.
The family tree diagram shown in Figure 7.1 was constructed from these tables
for illustrative purposes.

7.3.2 Phase 2: Connect Natal and Descendant Sites
Extract Identifiers and Coordinates of Nest Sites
(a)

Record identifiers and geographic coordinates from the file
containing Grandma’s successful nest sites using the command,
enqlist <mapname> tag cor >> <text_file_name.txt> ,

piping the output to a text file (which is also a type 16 map). The
text file contains two lines per record; the first line contains the
record’s text tag that forms the identifier, the second line comprises
three fixed length fields contains the x, y and z coordinates of the
nest site. The map containing failed nest sites is ignored, as it
serves no further purpose at this stage.
(b)

The map used at step (a) is then plotted on screen and labelled with
the RecNo and RefNo fields from the attribute table.

Items

concerning birds that returned to breed are noted and records
concerning those that did not return are removed from the output
text file. The remaining records are reduced to one line per record,
space delimited. The Z coordinates are removed as they all have a
value of zero.
(c)

Step (a) is repeated for the failed and successful descendant maps.
These are the sites at which the birds in step (a) subsequently bred
as well as the sites that define the natal sites of the next generation.
The output files of both these are then edited to reduce them to one
line per record, space delimited and the Z coordinate is removed
since it is 0.0 in all cases. The name of the text file is prefixed with
the string “cor_”, the RefNo of the descendant bird and a single
character suffix indicating the success status of the sites contained.
For example the coordinates of C63’s (a first generation
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descendant) successful nest sites would be a file named
“cor_C63S.txt”.
(d)

Steps (b) and (c) are repeated for each successive generation of
offspring

Combining Natal and Descendant Coordinates
(a)

Working backwards from the last generation to the first, the records
in the text output files had fields inserted containing the coordinates
of the parents’ natal nest site. Also, the tag field was modified to
form a concatenation of the parent and offspring bird’s record
numbers in the attribute table. In the dispersal maps, this tag field
is used purely for descriptive purposes1. The modified text file
then has the structure:

(b)

•

tag

•

natal x coordinate

•

natal y coordinate

•

descendant x coordinate

•

descendant y coordinate

For each record in the text file. The parent record of the bird is
located in the text file for the previous generation. The tag, x, and
y coordinate fields are copied and pasted between the tag and the
(descendant) x coordinate. The tag of the parent is then moved in
front of the descendant tag, the two being combined with a hyphen
character.

(c)

This process is repeated for each generation.

(d)

Files containing the natal and descendant sites for each generation
are then concatenated into two files, one containing locations of
successful descendant sites and one for the failed sites. These files
are used as input files for the Genamap scripts that build vector line
features between natal and descendant sites.

1

In a relational data structure both the parent and the offspring’s tags could be used as individual
fields, each forming a foreign key to the original record in the attribute table.
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Construction of line features
(a)

For each generation two ‘dispersal’ maps are created representing
dispersal to successful nest sites (from which the next generation’s
dispersal originates), and unsuccessful sites which form dead ends.
A copy of the script used to generate these is contained in
Appendix C

(b)

For each dispersal map required, the script was executed with
parameters defining the text file containing the coordinates to use
as input and the name of the type 4 vector map to which the line
features would be added.

Line features are created using

coordinate geometry input routines in which the start and end nodes
of the line feature are defined by the XY coordinate pairs from a
record in the text file.

7.3.3 Phase 3: Compute distance and bearings
A second script was used (see Appendix C) to read line features from the vector
maps generated in the previous phase. The coordinates of the start and end nodes
characterising the lines in the map are written to a temporary text file using the
ENQLIST command. Bearings and distances are computed from the differences
in the coordinates using Euclidean geometry.
Computing distance of dispersal, i.e. line length, in a two dimensional Euclidean
space is necessary as Genamap type 4 vector maps do not store height data
geometrically. Although the ENQLIST command outputs an elevation value for
all coordinates, this feature cannot be used with type four maps. Therefore, the
dispersal distances calculated represent a planimetric perspective that makes no
allowance for the three-dimensional nature of dispersal across the headland.

7.4 Results
7.4.1 Dispersal Maps
Maps illustrating the dispersal of descendants are shown in figures 7.2 through
7.6, at the end of this chapter. The pattern of dispersion in each generation is
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clearly shown. An interesting pattern is evident in the dispersal of the first two
generations, namely that there appears to be a negative correlation between the
natal and descendant nest sites, that is, offspring appear to show no clear
preference for selecting sites near to where they were raised. Although the pattern
in the third generation is more complex, the magnitude of the dispersal does not
appear to be as great. Such a pattern may be at least partially explained by the
number of birds present in the colony. Many of the nest sites included in the first
and second generations are likely to have occurred early in the colony’s history2
when the total population was smaller than it is today. There would have been
less competition for nest sites (and perhaps less interference from tourist
activities) allowing birds to select the best sites. Later generations, facing more
competition and/or interference may be forced into less optimal sites. As well as
competition for nest sites, an increasing population would also create more
competition for space to carry out the pair-bonding process, which may also be a
factor in nest site selection (Robertson, 1996 pers. comm.). Although the method
of visualising dispersal used in this experiment is simplistic, it is useful for
assessing offspring’s tendency to stay in the vicinity of the natal site.

7.4.2 Quantitative Data
Distances and bearings of first generation dispersal for successful descendant nest
site (shown as the yellow dispersal lines in Figure 7.2) are listed in Table 7.1. The
tag column contains the concatenated record numbers of the parent bird and
offspring (these are also labelled in Figure 7.2 for clarity). The bearing and
distance columns contain output of the Genamap script described in the
methodology. The compass direction column has been added to assist the reader
in generalising the contents of the bearing column.

2

Because Grandma continued to breed, first generation offspring were produced over a long
period of time, concurrent with later generations. Without analysing dispersal distances with
respect to time, it is difficult to associate generations with particular episodes in the colony’s
history.
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7.5 Discussion
The occurrence of inter-family pairings in the dispersal of the population
considerably complicated the analysis. Checks were made to ensure that the
records retrieved and processed had not already been processed at an earlier stage,
leading to the possibility of ‘double hits’. Intra-generational pairings between
siblings or cousins and with aunts or uncles were both observed during the course
of this analysis. One bird exhibited both forms.
Inter-family pairings between generations made deciding which generation
progeny belonged to problematic. For example, if a chick has one parent that is
second-generation descendant of Grandma and the other is third generation; is the
chick a third or fourth generation descendant? Under this methodology, the chick
would arbitrarily be defined as a third generation descendant because its record
would have been retrieved as a result of searches for offspring of second
generation parents. The fact that its other parent is third-generation would not be
Tag
(parent-offspring)
0042-0110
0042-0089
0042-0186
0042-0164
0042-0151
0042-0131
0042-0121
0042-0273
0042-0244
0042-0231
0042-0215
0042-0366
0042-0320
0042-0287
0031-0082
0031-0071
0212-0501
0212-0365
0212-0308
0212-0292
0212-0424

Bearing
(°°)
241.758
181.042
180.862
170.129
176.460
170.498
178.690
129.762
205.825
187.972
188.168
166.204
143.293
134.980
175.811
177.942
248.924
233.981
255.830
255.601
254.234

Distance
(m)
26.218
15.871
172.553
198.078
182.403
197.033
176.908
57.706
88.146
143.627
142.240
62.261
52.020
52.653
172.706
174.377
73.036
68.405
67.648
67.726
69.728

Compass
Direction
west-south-west
south
south
south
south
south
south
south-east
south-south-west
south
south
south-south-east
south-east
south-east
south
south
west-south-west
south-west
west
west
west

Table 7.1 Bearings and distances of successful first generation dispersal
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noted until third generation parents were searched and the duplication detected.
This results in the chick belonging to the same generation as one of its parents.
Many of the operations involved in this analysis were carried out as interactive
manual procedures, particularly the processing of the nest site coordinates. One
reason for this approach lies in the exploratory nature of the analysis in which the
procedure is refined in the light of knowledge gained from prior steps. The result
is a procedure that, by information technology standards is somewhat labour
intensive, although it is amenable to further automation once the algorithm has
been defined. But given the exploratory, and probably one-time nature of the
analysis, it is debatable that much, if any, time would have been saved by
designing, implementing and testing an automated procedure, although it would
be less prone to operator error. In any case, the procedure used in this experiment
is probably more efficient than a manual procedure on a paper-based database.
Neither the dispersal maps produced, nor the methodology itself, account for other
birds present during the breeding season that may well have an influence on the
observed location of the birds that are included in the analysis. The available
space in the Nature Reserve is a function of the birds that were included in the
analysis as well as those which were excluded. Preference and selection of the
location of nest sites ultimately occurs at a much shorter, almost daily, temporal
scale than the annual scale the system is currently limited to.
The interpretation of the dispersal process as it was analysed in this experiment
focuses on one agent that was thought to have an affect on the pattern of nest sites.
It is known from observation that other important agents in the formation of nest
site patterns are the locations where gamming and pair bonding processes occur.
This is particularly true of young birds and new immigrants to the colony. The
representation of the dispersal process contained in the output map is perhaps
overly simplistic. Dispersal occurs as a function of a complex three-dimensional
process that might include such factors as visibility and microclimate, both of
which are associated with the topography of the Nature Reserve. The Euclidean
representation used here ignores these factors and results in a loss of information.
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7.6 Conclusion
The experiment discussed in this chapter has demonstrated the extraction, analysis
and presentation of those spatial relationships implicitly stored in the Taiaroa
Head System’s non-spatial attribute database. These spatial relationships were
embodied in simple line features constructed from the characteristics of data from
the attribute database and presented for display. In doing so users are provided
with an aid for visualising a temporal process whose effects are manifest as a
visible pattern.
The following chapter provides a critical discussion of the Taiaroa Head System
as a whole, summarising the advantages of the system as well as identifying
limitations in the system design and implementation of the prototype.
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Figure 7.2 First generation dispersal (original data compiled by C.J.R. Robertson, DoC)
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Figure 7.3 Second generation dispersal (original data compiled by C.J.R. Robertson, DoC)
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Figure 7.4 Third generation dispersal (original data compiled by C.J.R. Robertson, DoC)
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Figure 7.5 Fourth generation dispersal (original data compiled by C.J.R. Robertson, DoC)
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Figure 7.6 Fifth generation dispersal (original data compiled by C.J.R. Robertson, DoC)
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Discussion

This chapter provides a critical review and discussion of the experiments and
results presented in previous chapters. Problems that were identified in Chapter 4
concerning the management and use of both spatial and non-spatial breeding data,
the design of a spatial information system to address these problems (Chapter 4)
and its implementation (Chapter 5) are reviewed. This review is carried out with
respect to the knowledge gained from the simple queries discussed in Chapter 5,
and the experiments presented in chapters 6 and 7. Finally, the applicability and
appropriateness of a spatial solution are discussed.

8.1 Spatial Accuracy of Data
8.1.1 Review of Problem
The sketch maps used to collect the locations of nest sites caused problems
(discussed in Section 4.3.1) concerning the accuracy of data that are collected.
These maps introduced an unacceptable amount of error. Localised distortions
contained in these maps, the lack of scale information and the absence of a base
coordinate system introduced further errors when the data were digitised. A
comparison of the position of nest sites for the 1993/94 breeding season input
from a sketch map and GPS measurements recorded for the same sites reveals an
average horizontal error in position of nine metres (Table 5.2). The size of the
error and its direction vary considerably for each site, indicating that it is nonsystematic. If it is assumed that such errors exist across the entire data set, then

123

Chapter 8
results of analyses must be treated with caution. This is especially true where the
results of analysis are expressed as quantitative information, such as the analysis
of dispersal carried out in Chapter 7. The analysis of the relationship between
nest sites and the environmental variables of slope and visibility is also subject to
error, since these analyses used raster data at a resolution of one metre. The
simple spatial query carried out in Chapter 5, through the extraction of nest sites
based on proximity to tracks, is probably less subject to error, however. In many
cases, nest sites were input (and indeed originally recorded) according to their
position in relation to tracks and other features. Therefore, the results of this
query are likely to be quite sound, as the proximity (within localised areas) of a
nest site to a track is likely to be recorded more accurately than its position along
the track.

8.1.2 Proposed Solution
A solution based upon a spatial information system, as put forward in this thesis,
cannot in itself provide a solution to the inaccuracy with which nest sites have
been recorded. It is quite feasible to store coordinates of any point in a region the
size of New Zealand to sub-millimetre resolution with a GIS-based solution. This
often creates the impression that the data it contains is equally accurate, but users
must remain cognisant of the fact that data contained in a spatial information
system are only as accurate as their source, or the device used for their capture.
The only possible means of improving the accuracy of the present data set of nest
site locations is to accurately re-survey each site. However, the impermanent
materials used in the construction of nests means a re-survey of historic nest sites
is not possible. The sketch maps represent the only extant record of historic sites.
There is little choice but to accept the error that currently exists in nest site data
and to allow for it in any analysis.

8.1.3 Discussion
Improvement of the accuracy with which future nest sites are captured is possible
and should be an objective of any operational system that is implemented. It was
with this objective in mind that the first application of the prototype system was to
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produce a replacement for the system of sketch maps (an example is included in
Appendix A). This replacement was also in the form of a paper map, which is
both simple and convenient for field staff to use, but contains accurate
topographic and feature data captured from the aerial survey discussed in Section
5.3.1. It is printed at a scale of 1:2062, this being the scale that makes the
maximum use of an A4 page (but it is a difficult scale to measure distances from).
This map allows placement of nest sites and other daily observations with a higher
degree of accuracy than was possible using the sketch maps. Assuming field staff
are able to record nest sites on this map with an accuracy of ± 1mm, the accuracy
of data represented by the map can reasonably be expected to be in the order of ±
2m ‘on the ground’.

8.1.4 Further Work
Further improvements in the accuracy of data capture are possible with the use of
inexpensive, readily available, hand-held GPS receivers. These devices have an
advantage of capturing positional data in an electronic, computer-readable format
that can be input into geographic information systems following post-processing
of the data recorded by the unit. The typical accuracy range of hand-held GPS
receivers is in the order of two to five metres, but sub-metre accuracy can be
obtained on some units by recording carrier phase data and using advanced
processing software1. The disadvantage of hand-held GPS technology is that the
amount of annotation data that may be recorded with positional data is typically
limited. The amount of observational data routinely recorded by field staff is
beyond the capability of these devices, but there is no reason why observations
cannot be recorded in a field book and cross-referenced to a point recorded by
GPS.

1

For example, the Trimble Geo Explorer II has this capability.
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8.2 Integration of Spatial and Non-spatial Data Sets
8.2.1 Review of Problem
The lack of integration observed between the spatial data contained in the sketch
maps and non-spatial observational data held in the Excel database, is a problem
that is fundamental to the management and use of albatross breeding data. While
each data set has its uses individually, the lack of integration between them limits
the range of queries and analyses that can be carried out. (The analysis of data,
spatial data in particular, has also been identified as a problem in its own right and
is reviewed in the following section.)

These data sets have a much greater

explanatory power when combined than each has individually.

8.2.2 Proposed Solution
This thesis has proposed that the solution to the problem of managing spatial data
and the integration of its associated non-spatial attributes be addressed by an SIS
developed in accordance with established system development principles. The
capabilities of commercial GIS for capture, storage and management of spatially
referenced data and their ability to integrate spatial and non-spatial data (Section
5.4) make them particularly suitable in the case of Taiaroa Head. GIS technology
only provides a basis upon which the solution is developed, however, information
engineering techniques were used to develop a relational data model (Section
4.5.2) in which a conceptual data model was presented that would improve the
management and utility of non-spatial data.

8.2.3 Discussion
The example queries and analyses carried out and described have demonstrated
the ability of the proposed SIS to address the problem of spatial data management
and integration of spatial and non-spatial data sets. The queries described in
Sections 5.5.1 and 5.5.3 showed that spatial records could be retrieved easily by
their non-spatial attributes. Because data in the sketch maps are structured on an
annual (i.e. breeding season) basis and taking into account the amount of effort
required, queries were generally confined to those that result in an aggregation of
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data. Queries that identify nest sites in sketch maps on the basis of data contained
in the Excel database, particularly across long or discontinuous time periods,
become quite labour intensive.

The analysis of dispersal in the albatross

population discussed in Chapter 7 demonstrates that data integration also allows
considerably more complex analyses to be carried out. Analyses such as these are
unlikely to be practical without the level of integration achieved in the SIS.
In spite of the advantages that have been demonstrated, a number of limitations
concerning the management of non-spatial data within Genamap were
encountered that constrained the implementation of the system design. The major
limitation encountered was the lack of relational management for non-spatial data.
The relational data model proposed therefore had to be simplified for
implementation as a flat data structure that necessitated some data duplication.
Other limitations that were encountered included a limited range of data types
(e.g. the lack of a date type), limited means of browsing tables and limited
statistical analytical capabilities.

8.2.4 Further Work
A common criticism that can be levelled at many commercially available GIS is
the lack of an internal relational database management system (RDBMS) for the
management of non-spatial data. The two exceptions to this are Smallworld2 and
the limited relational capability provided by Arc/Info3.

Genamap is perhaps

weaker in this respect than other high-end GIS for UNIX and Windows NT
platforms and some Desktop Mapping Systems for PCs (e.g. MapInfo4,
ArcView3). This is intentional, as most GIS can access and query databases
implemented in commercial RDBMS, such as Oracle, Informix or Microsoft
Access by means of Client/Server interfaces.

Since good relational data

management can be obtained by using specialist systems, most GIS vendors have
chosen not to duplicate this function. The relational data model presented in this

2

Smallworld Systems Ltd., Cambridge
Environmental Systems Research Institute, Redlands, Ca.
4
MapInfo Corporation., New York.
3

127

Chapter 8
thesis may be implemented in an external RDBMS and interfaced with spatial
data contained in a GIS to eliminate the limitations that have been observed.
An increased level of detail could be obtained in the proposed SIS by integrating
the other data (see Section 4.2) that are recorded by field staff at a much finer
temporal scale than that implemented in the prototype system. For example, all
foster sites used during the breeding season could be input, instead of just the final
one, and the weekly chick growth measurements could also be included. This
would introduce an added level of complexity into the design and use of the
system, but the data model proposed in this thesis is flexible enough to allow
extension in this manner.

8.3 Analysis and Presentation
8.3.1 Review of Problem
The ability to undertake a variety of analyses and queries of Taiaroa Head data
sets, and the graphical presentation of results, is an important requirement given
the broad range of management and research oriented outputs these data are used
for (Section 4.2.5).

However, the paper-based nature of many of the data

maintained impose significant restrictions on the range of analyses and queries
that can be reasonably undertaken, and the quality with which results are
graphically presented (Section 4.3.3). Summaries of annual breeding data that are
maintained in the Excel database may be searched, sorted and analysed
numerically and statistically, but it is difficult to produce map-based, graphic
reports from results.

8.3.2 Proposed Solution
The proposal of a GIS-based solution takes significant steps toward ameliorating
the problems of data analysis and graphical presentation of those data. At a
fundamental level, the problems of data analysis that are experienced by the DoC
arise from the issues of management of spatial data and their integration with
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other data sets in a paper-based system. Any solution that can address these
problems should also help solve data analysis problems.
A solution that is based on GIS technology provides mechanisms for solving
problems associated with graphic presentation of data. The primary mechanism
of interacting with data, particularly spatially referenced data, is by means of
graphic display of those data. GIS, therefore, provide a multitude of commands
for controlling the manner in which data are displayed.

8.3.3 Discussion
The experiments carried out in Chapters 5, 6 and 7 have demonstrated that a
variety of analyses are possible in an integrated SIS environment. Many of the
analyses that are carried out on these data are aimed at aggregating records from a
range of breeding seasons.

Within the prototype, annual summary data are

aggregated into a single layer; an approach which is not practical in a paper-based
system because of the number of records that exist.

In the SIS, however,

aggregating the annual data is an efficient means of storage as it avoids using
more than sixty map layers to store all currently held breeding seasons.
The queries discussed in Chapter 5 (Section 5.5) demonstrated that data could be
easily extracted from one or many criteria, which may be either non-spatial,
spatial or a combination of both. Analysis of spatial interactions between nest
sites and environmental variables were demonstrated in Chapter 6, where
interactions between the slope of Taiaroa Head and its effects on nest location,
and the effect of topography on video monitoring were explored. Complex spatial
relationships between nest sites that were implicitly encoded in the non-spatial
attributes were examined in Chapter 7, where the dispersal of the population over
time was examined. The queries described in Chapter 5 could be undertaken
using the annual summary maps although doing so would be laborious. The
analyses described in Chapters 6 and 7 could not be directly undertaken due to the
absence of topographic data and the complexity of the analyses.
The capabilities of the SIS for numerical and/or statistical analysis of numerical
attributes were found to be limited. This is perhaps attributable to Genamap’s
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limited non-spatial attribute handling in general.

In this respect the Excel

database currently used to manage non-spatial attributes of breeding records
provides superior capabilities to those of a SIS-based solution. However, the
integration of non-spatial attributes within an SIS does not preclude the export of
these data to spreadsheet applications (exporting attributes is a straight-forward
process) and the advantages of an integrated approach to data management, as
demonstrated in this thesis, out-weighs this limitation.
Output from the queries and analyses that are included in the previous chapters
also demonstrates the range and quality of graphic output that can be readily
produced from SIS. Unlike the paper-based sketch maps, in which spatial data are
stored as a map, the maps produced by the SIS are reports, or views of data held in
the spatial database. The spatial data themselves are maintained as a series of
‘geo-relational’ tables that are largely invisible to end-users that interact with the
data through the map paradigm.
Although a considerable improvement in the quality of output can be achieved
from the SIS, the production of graphic output can be problematic.

This is

particularly the case where hardcopy output is required. The UNIX installation of
Genamap that was used to develop the prototype SIS provided limited support for
printing via postscript or HPGL (Hewlett Packard Graphics Language) and
support for printers necessitated customised printer drivers being set up, in this
case, largely unsuccessfully.

Neither of these printer languages appeared to

support the output of raster maps. Map-based reports also require additional
components, such as legends, scale bars and north arrows that provide extra
information about the contents of maps to aid readers’ interpretation of their
contents. Genamap provides the GenaCarto module that assists in the generation
of these components, but its user interface is not intuitive for non-expert users and
the quality of the outputs produced was somewhat disappointing.
All graphic output produced for this thesis was generated by capturing screen
snapshots of maps displayed on a UNIX workstation and transferring them to a
PC for editing and inclusion in other documents or output to a printer. Snap shots
were taken from a graphics window enlarged to use as much space as possible on
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a 17 inch monitor and saved as GIF image files. These images were typically
24cm wide by 30cm high with a resolution of 72dpi. As the resolution of video
monitors is low compared to printed output, a large graphics window is necessary
to capture as much detail as possible. The image files were transferred to a PC via
FTP and opened in Microsoft PowerPoint where their size was scaled down for
output on an A4 page and legends, scale bars, north arrows, etc. added. Although
this was a circuitous approach, the results it yielded were superior to what could
be produced directly by Genamap and could be used in a variety of ways, for
example, inclusion in a word-processed document, output directly to a printer, or
for the production of photographic slides.
Finally mention should be made of the management of intermediate layers within
GIS. Any spatial query or analysis results in the generation of a new active table
(which is a view of a map layer) or layer within the spatial database. Where the
query or analysis is straightforward, only one layer containing the result, is
produced, but posing more complex questions results in the generation of a
number of new layers that are intermediate to the final result. For example, the
dispersal analysis carried out in Chapter 7 required the production of fifty-three
type four (vector) maps to identify all offspring of Grandma’s descendants. This
has implications for the management of spatial databases as they can rapidly
accumulate large numbers of map layers that serve no useful purpose once the
query/analysis that generated them is complete. These layers can also use large
amounts of disk space—e.g. type eight continuous raster maps in the Taiaroa
Head system require approximately 8Mb of storage space each. Accumulation of
layers is a characteristic of all GIS and careful management of the spatial database
is required to keep the problem in check.

8.3.4 Further Work
The absence of numerical and statistical analytical capabilities for numeric
attribute data is an issue that may be addressed by the application of an external
RDBMS for the management of non-spatial attribute data, though this would
depend on the capabilities of particular RDBMS under consideration. However,
the continued use of Excel for this type of analysis is a straightforward solution.
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Streamlining the process of producing output maps is also an issue that deserves
attention. The method described in the previous section provides a workable
solution, but perhaps is not appropriate for casual or occasional users of the
system. Also, this method of producing output does so at the expense of some
quality, especially in the case of vector data that is effectively rasterised before it
is used. The problems concerning output of reports seem to be typical of UNIXbased GIS. However, many of the vendors that traditionally supplied high-end
GIS for the UNIX platform are now releasing their products for the Windows NT
environment and use printer drivers supplied with the operating system rather than
purpose-built drivers. The quality of map composition modules used to compile
graphic output, and their usability should be aspects that are assessed during the
specification stage of any fully operational implementation.

8.4 Lack of Environmental Data
8.4.1 Review of Problem
Apart from the location of albatross nest sites recorded in the annual breeding
summaries, the only other spatial data recorded in the present system are the
features contained in the sketch map that serve as a means of referencing the
location of nest sites. No other information regarding the environment at Taiaroa
Head is recorded, but as noted in Section 4.3.4, management of the albatross
colony can be made more effective by understanding how albatrosses influence
and are influenced by their physical environment. The inclusion of environmental
variables such as topography can also improve the effectiveness of graphic display
of nest data by providing a more detailed spatial context.

8.4.2 Proposed Solution
A SIS-based solution allows for the integration of spatial environmental data with
spatially referenced breeding data. Each environmental variable of interest is
stored as a separate layer in the spatial database and integrated with other layers
by means of a common geographic coordinate system. The main issue of concern
regarding the integration of environmental data is identifying a source of these
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data at a scale, extent and level of accuracy that is appropriate for both the
variables being captured, and the data extant in the spatial database. Topography
was the only environmental variable included in the development of the prototype
SIS, as it is perhaps one of the most important variables required by the system
and because it could be obtained relatively easily from aerial stereo photography.

8.4.3 Discussion
The exploratory analyses described in Chapter 6, the analysis of slope
characteristics and inter-visibility, have demonstrated the usefulness of
environmental data that have been integrated5 into the spatial database. The
exploration of slope characteristics in Section 6.2 demonstrated that slope data
could be synthesised from a digital elevation model of the headland. Is was also
shown that inductive analysis techniques could be used to examine and quantify
the relationship between the slope of the headland and the location of nest sites to
test the hypothesis that albatrosses prefer to nest on level ground.

This

information was then used to predict the areas of Taiaroa Head that provide
suitable habitat for albatrosses.
The exploration of visibility characteristics in Section 6.3 demonstrates how
environmental data may be used to assist in the management of the colony; the
inter-visibility of known nest locations and a series of proposed viewing sites
were examined in order to establish locations for video surveillance equipment.
In this way, management plans may be tested to assess their suitability or impact
without the need to conduct a trial on the colony itself. Results of the analysis can
also be used to plan and cost the installation of any infrastructure required (e.g.
laying of cables, etc.) in the implementation of the planned action.
The inclusion of a digital elevation model also proved to be useful for the
production of graphic output from the SIS. A shaded relief map of Taiaroa Head
was calculated from elevation data contained in the model. This relief map was
used as a background layer in many of the maps produced for this thesis. The
5

Note that the term integration is used in a different sense to that used in section 8.2, which refers
to the integration of spatial data and associated non-spatial attributes. Here the term refers to the
integration of diverse sets of spatial data within a common reference system.
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relief map is a useful aid in the interpretation of the output produced by the SIS as
it provides a spatial context for other spatial data.
The exploratory analyses carried out in Chapter 6 are somewhat simplistic. The
analysis of habitat only considered slope as a determining variable and the
analysis of visibility did not take into account factors such as the height of
vegetation or structures that interfere with visibility. A more complete analysis of
habitat requirements could be undertaken with the inclusion of additional
environmental variables such as vegetation, climate and aspect. Aspect data could
have been included in this experiment, as this variable is also derived from the
DEM. However, the objective of the experiment was to demonstrate the process
of analysis rather than to provide a complete answer.

8.4.4 Further Work
The inclusion of additional environmental data in the SIS would expand the range
of analyses that can be carried out. Vegetation and climate data appear to be
worthy of inclusion as these factors certainly have an impact on the colony. Data
concerning the areas of Taiaroa Head that are used by other species of seabirds
(see Figure 2.3) should also be considered. These species may have some impact
on the Royal Albatross through competition for breeding space, and in terms of
the DoC’s legislative obligations, their management is equally important.
Regardless of what additional data are required, due thought should be given to its
capture and input to ensure that data are spatially appropriate (in terms of the scale
at which it is captured), current, and accurate.

8.5 Conclusion
The review presented in this chapter demonstrates that an integrated spatial
information system offers a worthwhile solution to the management and use of the
annual breeding data collected by the DoC. These data may be more effectively
managed within a SIS; a greater range of analyses and queries can be carried out
on the data, and graphic output can be produced more efficiently and to a higher
quality than that previously obtainable.
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A number of problems were also identified in the prototype SIS that was
developed. A limitation was imposed by the particular GIS used to implement the
prototype system which meant non-spatial attribute data could not be structured
using a relational data model, and the UNIX platform the SIS operated under
complicated the process of producing graphic output. These are both issues that
need to be addressed in any fully operational implementation.

The spatial

accuracy of the existing database was also found to be cause for concern but this
is a problem that cannot be addressed by an information system, as it is inherent in
the data. However, a more accurate means of capturing future data was produced
by the system and implemented.
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Conclusion

This thesis has set out to design and develop a prototype spatial information
system for the integrated management of data held by the DoC concerning the
Northern royal albatross, and environmental data concerning Taiaroa Head. A
review of the use of geographic information systems for wildlife management has
indicated that these systems are predominantly used for analysis of habitat
requirements and the prediction of areas of suitable habitat, and typically consider
only relatively short time scales. These approaches to wildlife management were
found to be limited in the case of Taiaroa Head because the issues are ones of ongoing management of data in a manner that preserves the complex relationships
that exist between data items, allowing them to be analysed.
This thesis has argued that these issues provide sufficient justification for the use
of structured system design and development methodologies in the development
of the prototype system.

The next section of the thesis set out to identify

problems associated with existing data collection and management practices, and
to use these to establish the requirements that the proposed system design must
meet. In carrying out this system analysis, it was found that most of the current
problems faced by DoC staff arise from the use of the paper sketch maps to record
albatross activities, and the lack of data concerning the environment at Taiaroa
Head. The maps are difficult and time-consuming to analyse, and, because they
are hand-drawn, are subject to problems of accuracy.
A design for a spatial information system that would provide a solution to these
problems was presented, and a prototype was implemented using commercially
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available GIS software. The prototype system was then used to demonstrate that a
diverse range of simple queries could be quickly and easily carried out on the data
sets that had been integrated in the system, and also demonstrated the system’s
capacity for outputting graphical results. By integrating accurate topographic data
in the system, it was also possible to implement a data collection procedure that
addressed data accuracy problems.
The next phase of the research (chapters 6 and 7) aimed to demonstrate that a
variety of exploratory analyses could be carried out by the prototype system.
Experiments were undertaken that demonstrated how the system could be used to
explore the relationship between the location of nest sites and environmental
variables, and how the impact of the proposed introduction of video surveillance
equipment could be assessed and planned with little impact on the colony itself.
Finally, a more complex analysis was performed to examine how complex spatial
and temporal relationships that were implicitly stored in the system could be
extracted, analysed and presented visually.
The final phase of the research involved a critical review of the prototype system
to assess objectively whether it provided a viable solution to the problems
identified. Two major problems were identified in the prototype: first, the GIS
software used to develop the system did not use the relational data model to
manage non-spatial attribute data tables. This meant that the relational data model
presented in this thesis could not be fully implemented in the prototype system.
Second, the UNIX platform on which the GIS software operated was the cause of
a number of problems in the production of hard-copy output. Both of these
problems could be avoided, when implementing an operational system, by
selecting GIS software that operate on a different platform and implement the
relational data model. Many high-end GIS vendors now offer their products for
both UNIX and Windows NT operating systems.
In spite of the problems experienced with the prototype system, this thesis has
shown that an integrated spatial information system developed using structured
techniques offers an effective solution to data collection, management, analysis
and presentation problems currently experienced by the DoC. Accuracy of data
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capture has been improved, diverse data sets can be integrated and stored in a
manner that preserves relationships, a greater range of queries and analyses can be
performed efficiently, and results can be produced efficiently and to a higher
quality than is possible using current practices.
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Appendix A

• Example of old sketch map used for spatial data capture.
• Example of annual summary report.
• Example of tick sheet used to summarise annual data.
• Example of new data capture map.
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Appendix B

• Comparison of means from derived slope maps and Mills’
observations.

• Distribution of nest site slopes post 1968-69 breeding season.
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Nest Refno.
0396
0397
0398
0399
0400
0401
0402
0403
0404
0405
0406
0407
0408
0409
0410
0411
0412
0413
0414
0415
0416
0417
0418
Observations
Mean
variance
Std. deviation
Std. error

Comparison of means from derived slope maps and Mills' observations
3x3 Cell Matrix
5x5 Cell Matrix
Mills' Observations
t-tests
Method
Method
(Computed Observation - Mills' Observation)
Minimum Average
Sum
Minimum Average
Sum
(cm/m)
(deg.)
3x3Min 3x3Avg 3x3Sum 5x5Min 5x5Avg 5x5Sum
0.5
4.5
5.5
0.5
5.5
11.5
13.35
7.60
-7.10
-3.10
-2.10
-7.10
-2.10
3.90
9.5
23.5
31.5
5.5
22.5
46.5
30.50
16.96
-7.46
6.54
14.54
-11.46
5.54
29.54
9.5
24.5
35.5
0.5
24.5
54.5
36.25
19.93
-10.43
4.57
15.57
-19.43
4.57
34.57
2.5
30.5
43.5
0.5
29.5
60.5
26.25
14.71
-12.21
15.79
28.79
-14.21
14.79
45.79
3.5
9.5
12.5
0.5
9.5
23.5
21.50
12.13
-8.63
-2.63
0.37
-11.63
-2.63
11.37
1.5
20.5
29.5
0.5
21.5
47.5
Not measured
2.5
17.5
26.5
0.5
15.5
40.5
29.25
16.30
-13.80
1.20
10.20
-15.80
-0.80
24.20
0.5
27.5
39.5
0.5
27.5
58.5
25.75
14.44
-13.94
13.06
25.06
-13.94
13.06
44.06
1.5
15.5
23.5
0.5
14.5
38.5
32.50
18.00
-16.50
-2.50
5.50
-17.50
-3.50
20.50
10.5
23.5
33.5
1.5
23.5
53.5
Not measured
2.5
8.5
12.5
2.5
9.5
24.5
6.00
3.43
-0.93
5.07
9.07
-0.93
6.07
21.07
2.5
20.5
29.5
2.5
18.5
45.5
27.50
15.38
-12.88
5.12
14.12
-12.88
3.12
30.12
0.5
20.5
31.5
0.5
22.5
52.5
43.00
23.27
-22.77
-2.77
8.23
-22.77
-0.77
29.23
1.5
10.5
15.5
1.5
9.5
27.5
12.75
7.27
-5.77
3.23
8.23
-5.77
2.23
20.23
0.5
12.5
21.5
0.5
12.5
36.5
Not measured
0.5
9.5
14.5
0.5
9.5
27.5
26.50
14.84
-14.34
-5.34
-0.34
-14.34
-5.34
12.66
1.5
19.5
29.5
1.5
18.5
47.5
30.00
16.70
-15.20
2.80
12.80
-15.20
1.80
30.80
0.5
15.5
21.5
0.5
15.5
37.5
22.50
12.68
-12.18
2.82
8.82
-12.18
2.82
24.82
3.5
12.5
19.5
2.5
11.5
34.5
23.25
13.09
-9.59
-0.59
6.41
-10.59
-1.59
21.41
1.5
21.5
31.5
1.5
21.5
51.5
46.75
25.06
-23.56
-3.56
6.44
-23.56
-3.56
26.44
5.5
14.5
18.5
3.5
13.5
30.5
37.25
20.43
-14.93
-5.93
-1.93
-16.93
-6.93
10.07
3.5
20.5
29.5
0.5
19.5
46.5
58.75
30.43
-26.93
-9.93
-0.93
-29.93
-10.93
16.07
4.5
11.5
18.5
1.5
12.5
34.5
19.00
10.76
-6.26
0.74
7.74
-9.26
1.74
23.74
23
3.07
8.68
2.95
0.61

23
17.15
42.31
6.50
1.36

23
24.98
86.08
9.28
1.93

23
1.33
1.53
1.24
0.26

23
23
20
20
16.89
40.50
28.43
15.67
40.33
151.04
141.10
37.70
6.35
12.29
11.88
6.14
1.32
2.56
2.66
1.37
Observed mean difference (mean/std.error)
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20
-12.77
38.58
6.21
1.39
-9.20

20
1.23
36.97
6.08
1.36
0.90

20
8.83
64.83
8.05
1.80
4.90

20
-14.27
40.63
6.37
1.43
-10.01

20
0.88
36.37
6.03
1.35
0.65

20
24.03
106.44
10.32
2.31
10.42

Calculation Method: Minimum
Class
Slope FrequencyMoving Av.
1
0.5
78
2
1.5
84
71.67
3
2.5
53
54.00
4
3.5
25
33.67
5
4.5
23
21.00
6
5.5
15
17.33
7
6.5
14
13.67
8
7.5
12
9.33
9
8.5
2
6.67
10
9.5
6
3.67
11
10.5
3
Total
315
Mean
Variance
Std. Dev.
Skewness

Mean
Variance
39
385.19
126
125.48
132.5
2.62
87.5
15.12
103.5
72.69
82.5
115.74
91
199.80
90
273.93
17
66.77
57
275.63
31.5
181.48
857.5 1714.44
2.72
5.46
2.34

Distribution of the slope of nest sites after the 1968/69 breeding season (3x3 cell matrix)
Calculation Method: Average
Calculation Method: Sum
skewness Class
Slope Frequency Moving Av Mean
Variance Skewness Class
Slope Frequency Moving Av
-67.09
1
0.5
2
1
355.05
-19.93
1
0.5
2
-12.02
2
1.5
2
2.00
3
303.75
-15.77
2
1.5
1
1.33
-0.05
3
2.5
2
2.00
5
256.46
-12.24
3
2.5
1
1.67
0.92
4
3.5
2
5.67
7
213.16
-9.27
4
3.5
3
3.67
10.13
5
4.5
13
8.00
58.5 1130.13
-44.40
5
4.5
7
5.33
25.20
6
5.5
9
11.00
49.5
623.57
-21.87
6
5.5
6
5.33
59.16
7
6.5
11
10.67
71.5
590.02
-18.21
7
6.5
3
4.00
102.58
8
7.5
12
12.00
90
479.89
-12.79
8
7.5
3
2.67
30.24
9
8.5
13
16.33
110.5
368.46
-8.26
9
8.5
2
5.33
146.43
10
9.5
24
17.67
228
448.69
-8.17
10
9.5
11
7.00
110.64
11
10.5
16
19.00
168
176.76
-2.48
11
10.5
8
8.67
406.14
12
11.5
17
21.00
195.5
91.80
-0.90
12
11.5
7
11.33
13
12.5
30
22.00
375
52.57
-0.29
13
12.5
19
10.67
14
13.5
19
23.00
256.5
1.99
0.00
14
13.5
6
12.67
15
14.5
20
22.00
290
9.14
0.03
15
14.5
13
10.33
1.30
16
15.5
27
21.00
418.5
75.86
0.54
16
15.5
12
11.67
17
16.5
16
19.00
264
114.59
1.29
17
16.5
10
12.00
18
17.5
14
14.00
245
189.20
2.93
18
17.5
14
14.00
19
18.5
12
10.33
222
262.40
5.17
19
18.5
18
16.67
20
19.5
5
8.33
97.5
161.10
3.85
20
19.5
18
16.67
21
20.5
8
6.67
164
356.57
10.03
21
20.5
14
16.67
22
21.5
7
7.33
150.5
412.47
13.34
22
21.5
18
15.00
23
22.5
7
6.67
157.5
526.93
19.26
23
22.5
13
15.00
24
23.5
6
5.67
141
561.77
22.90
24
23.5
14
12.67
25
24.5
4
3.67
98
455.92
20.51
25
24.5
11
12.00
26
25.5
1
2.67
25.5
136.33
6.71
26
25.5
11
9.33
27
26.5
3
2.67
79.5
482.06
25.75
27
26.5
6
10.00
28
27.5
4
3.33
110
748.15
43.11
28
27.5
13
7.00
29
28.5
3
2.33
85.5
646.17
39.96
29
28.5
2
7.67
30
29.5
0
1.67
0
0.00
0.00
30
29.5
8
4.00
31
30.5
2
2.00
61
556.19
39.08
31
30.5
2
5.00
32
31.5
4
126 1249.79
93.08
32
31.5
5
4.67
Total
315
4354.5 12036.97
172.95
33
32.5
7
5.33
Mean
13.82
34
33.5
4
5.00
Variance
38.33
35
34.5
4
3.00
Std. Dev.
6.19
36
35.5
1
3.00
Skewness
0.55
37
36.5
4
2.33
38
37.5
2
2.00
39
38.5
0
2.00
40
39.5
4
2.67
41
40.5
4
3.33
42
41.5
2
2.00
43
42.5
0
1.33
44
43.5
2
Total
315
Mean
Variance
Std. Dev.
Skewness
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Mean
1
1.5
2.5
10.5
31.5
33
19.5
22.5
17
104.5
84
80.5
237.5
81
188.5
186
165
245
333
351
287
387
292.5
329
269.5
280.5
159
357.5
57
236
61
157.5
227.5
134
138
35.5
146
75
0
158
162
83
0
87
6314.5
20.05

Appendix C

• Tables tracing the progeny of ‘Grandma’, used in used in dispersal
analysis

• “make_gen” script. Generates a map with line features connecting
natal sites and nesting sites from coordinates

• “d&bearing” script.

Calculates distance and bearings of line

features in maps generated by the make_gen script.
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1st generation
Parent
D1

Reference
no.
D33
3310M
80
61/62
D82
67
C31
C39
C55
C63
C159

Sex
female
unknown
female
female
unknown
unknown
male
unknown
unknown
female
prob. male

hatch
year
1940
1942
1945
1948
1950
1952
1966
1968
1971
1973
1989

Bred
no
no
yes
yes
no
no
yes
no
no
yes
no

Filename

D1_80S, D1_80F
D1_61/62S, D1_61/62F

D1_C31F

D1_C63S, D1_C63F

2nd generation
Parent
80
61/62

C63 (C66)
(C66)
(C66)
(C66)
(C66)

Reference
no.
74
D
48(LL)
C4
C11
C17
C27
C71
C36
C52
C66
C78
C96
C107
C128
C154
C112
C121
C153
C176
C205

Sex
male
unknown
unknown
female
female
male
female
female
female
male
male
female
unknown
female
unknown
prob. female
female
unknown
prob. male
unknown
unknown

Hatch
Year
1953
1955
1956
1959
1961
1963
1966
1968
1968
1970
1973
1977
1980
1982
1985
1988
1982
1984
1988
1991
1995

Bred

File name

yes
no
no
yes
no
yes
yes
yes
yes
yes
yes
yes
no
yes
no
no
yes
no
no
no
no

80_74S, 80_74F

61/62_C4S, 61/62_C4F
61/62_C17F
61/62_C27F
61/62_C71S, 61/62_C71F
61/62_C36S, 61/62_C36F
61/62_C52S, 61/62_C52F
61/62_C66S, 61/62_C66F
61/62_C78S, 61/62_C78F
61/62_C107S, 61/62_C107F

C63_C112S, C63_C112F
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3rd generation
Parent
74

(61/62)
(61/62)
(61/62)
(C36)
(C36)
(C36)
C4

C71

(74)
(74)
(74)
(74)
(74)
C36 (74)
(74)
(74)
C52 (C50)
(C50)
(C50)
(C50)
(C50)
C66 (C63)
(C63)
(C63)
(C63)
(C63)
C78 (74)
(74)
(74)
(74)
C107
C112

Reference
no.
C23
C32
C37
C50
C66
C71
C78
C90
C103
C119
C137
C33
C45
C58
C70
C85
C123
C142
C171
C188
C200
C90
C103
C119
C83
C97
C114
C127
C140
C112
C121
C153
C176
C205
C136
C150
C177
C195
C206
C183

Sex
unknown
female
female
female
male
female
female
female
unknown
male
male
female
unknown
unknown
male
unknown
female
female
unknown
unknown
unknown
female
unknown
male
unknown
male
unknown
male
unknown
female
unknown
prob.male
unknown
unknown
male
unknown
unknown
unknown
unknown
unknown

Hatch
Year
1964
1966
1968
1970
1973
1975
1977
1979
1981
1983
1986
1967
1969
1972
1975
1978
1984
1987
1991
1993
1995
1979
1981
1983
1978
1980
1983
1985
1987
1982
1984
1988
1991
1995
1986
1988
1992
1994
1995
1992

Bred
no
yes
no
yes
yes
yes
yes
yes
no
yes
yes
yes
no
no
yes
no
no
yes
no
no
no
yes
no
yes
no
no
no
yes
no
yes
no
no
no
no
yes
no
no
no
no
no

File name

74_C32S, 74_C32F
74_C50S, 74_C50F
61/62_C66S, 61/62_C66F
61/62_C71S, 61/62_C71F
61/62_C78S, 61/62_C78F
C36_C90S, C36_C90F
C36_C119S, C36_C119F
74_C137S, 74_C137F
C4_C33S

C4_C70S, C4_C70F

C71_C142F

C36_C90S, C36_C90F
C36_C119S, C36_C119F

C52_C127S, C52_C127F
C63_C112S, C63_C112F

C78_C136S
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4th generation
Parent
C32
C50 (C52)
(C52)
(C52)
(C52)
(C52)
C90

C119
C137
C33
C70

C127

Reference
no.
C80
C91
C83
C97
C114
C127
C140
C151
C190
C202
C183
C208
C81
C135
C144
C191
C187

Sex
female
male
unknown
male
unknown
male
unknown
unknown
unknown
unknown
unknown
unknown
unknown
male
female
unknown
unknown

Hatch
Year
1977
1979
1978
1980
1983
1985
1987
1988
1993
1995
1992
1995
1977
1985
1987
1993
1993

Bred

File name

yes
yes
no
no
no
yes
no
no
no
no
no
no
no
yes
yes
no
no

C32_C80S, C32_C80F
C32_C80S, C32_C80F

C52_C127S, C52_C127F

C70_C135F
C70_C144F

5th generation
Parent
C80 (C91)
(C91)
(C91)
(C91)

Reference
no.
C131`
C148
C189
C204

Sex
male
female
unknown
unknown

Hatch
Year
1985
1987
1993
1995

Bred
no
yes
no
no

File name

C80_C148F

159

#
#
#
#
#

Script file "make_gen"
BRMcLennan
Generates a map with line features connecting
the natal sites and nesting sites from coordinates
specified in the input file

# prompt user for names of input text file and output
# vector map (type 4)
print "Please enter name of text file to process [QUIT]\n\c"
read INPUT_FILE
print "Please enter name of output map (must exist) [QUIT]\n?\c"
read OUT_MAP
# define the edit map the line features will be placed in
#(note, this map must be created with NEWMAP first)
edmap $OUT_MAP
# turn automatic buffer save on
setvar asav t
# Read the text file containing:
# a tag string (RecNo of natal and nesting site concatenated)
# Xo & Yo are the co-ordinates of the natal site
# X & Y are the co-ordinates of the nest sites...
# and build a line feature between the two points.
while read TAG Xo Yo X Y ; do
edbtag $TAG # specify id tag for line feature
cgline <<-EOF
# define a line by coordinate geometry
$Xo $Yo
# line start node
$X $Y # line end node
N
# advance point? N begins line at 1st
# coord pair (a backsite)
EOF
done < $INPUT_FILE
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#
#
#
#

SCRIPT d&bearing
AUTHOR BR McLennan
Calculates the distance and bearing of line features in a
descendant map (user-specified) and writes them to a text file

# variable declarations
let COUNT=1
# Prompt the user for the names of the input vector map
# and output text files
print "Please enter name of line map to process [QUIT]\n?\c"
read INPUT_MAP
print "Please enter name of text file for output [QUIT]\n?\c"
read OUT_FILE
# define a temporary text file that line coords will be written to
# distances and bearings are calculated from these coordinates
TEMP_FILE=d+btemp
# write the co-ordinates of the lines to the temp. file with
structure:
# record tag
# xcoord, ycoord, zcoord (of start node)
# xcoord, ycoord, zcoord (of end node)
print "Building temporary file..."
enqlist $INPUT_MAP tag cor > $TEMP_FILE
# create the output file
print "Bearings & Distance of line features in map: $INPUT_MAP\n" >
$OUT_FILE
print "TAG
BEARING
DISTANCE\n" > $OUT_FILE
# read in the temp-file and calculate distances and
# bearings from the co-ordinates
print "Finding Bearings and Distances..."
while read TAG ; do
read X1 Y1 Z1
read X2 Y2 Z2

# start co-ordinates
# end co-ordinates

# find the angle of the line in degrees
let DY=$Y2-$Y1
let DX=$X2-$X1
let ANG=atan2($DY,$DX)
# convert this to a bearing
let BEARING=(450-$ANG)%360
# find the distance
let DIST=sqrt(pow($X2-$X1,2)+pow($Y2-$Y1,2))
# write to output file
print $TAG $BEARING $DIST >>$OUT_FILE
let COUNT=$COUNT+1
done < $TEMP_FILE
# delete the temp file
dele $TEMP_FILE y
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Appendix D

• Transcript of “Data Acquisition by GPS for a Wildlife
Management Decision Support System”, Presented at the Sixth
Annual Colloquium of the Spatial Information Research Centre,
17-19 May, 1994.
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DATA ACQUISITION BY GPS FOR A WILDLIFE MANAGEMENT DECISION
SUPPORT SYSTEM

Bruce R. McLennan1, Albert K. Chong2 and Martin K. Purvis1
1Department of Information Science

University of Otago
PO Box 56, Dunedin, New Zealand
Email: brmclennan@commerce.otago.ac.nz
mpurvis@commerce.otago.ac.nz
ph: +64 3 479 8301. fax: +64 3 479 8311.
2Department of Surveying

University of Otago
PO Box 56, Dunedin, New Zealand
ph: +64 3 479 7587. fax: +64 3 479 7586.
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University of Otago, New Zealand, May 17th - 19th 1994.

ABSTRACT
The acquisition of spatial data is a significant factor in the establishment of a
functional geographic information system. Possible sources of data range from
existing analog and digital datasets to the capture of original data. This paper
discusses the methods employed in the acquisition of spatial data for use in a
pilot spatial decision support system aimed at addressing issues concerning the
management of an albatross breeding colony on the Otago Peninsula, New
Zealand. Particular attention will be paid to the use of global positioning
system survey methods, and why these methods lend themselves well to
acquisition of spatial data from the site under investigation.
INTRODUCTION

A major hurdle in establishing an operational geographic information system (GIS) is
the acquisition of spatial data. It is expensive, in terms of both cost and time, to
collect such data due to the large amounts involved (Maguire 1991) .
This paper describes the methods utilised to acquire spatial data for use in a pilot
spatial decision support system (SDSS) under development at the University of
Otago (Purvis, et al. 1993). The initial goal of this system is to address questions
regarding the activities of Royal Albatrosses breeding at Taiaroa Head, on the Otago
Peninsula, and the associated pressures placed on the colony due to increasing tourist
activities. Although the site under investigation is limited to an area of fourteen
hectares the problem of data acquisition is still extant by reason of the granularity of
data required for spatial analysis. The smallest spatial entity of interest, an albatross
nest, entails a maximum spatial resolution in the order of half a metre.
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LIFE AT TAIAROA HEAD

Taiaroa Head is located at the outermost tip of the Otago Peninsula, at the entrance to
the Otago harbour, and is some 35 kilometres by road from the central urban area of
Dunedin City. It is still within the city's administrative boundary, however. The
legally specified area of the headland covers approximately 14 hectares and consists
of a wildlife sanctuary, a wildlife refuge, a nature reserve, a lighthouse reserve and a
recreation reserve.
The wildlife refuge was declared in 1938 when there was no other formal protection
for wildlife on the headland. The creation of the nature reserve in 1964 (and
managed by the Department of Conservation since 1987) took over that role for the
area of the headland used by albatrosses. But the refuge status continues to provide
protection for wildlife within the lighthouse reserve. Administration of the
lighthouse reserve was transferred from the Otago Harbour Board when it was
dissolved in 1989 to the Dunedin City Council, which is also responsible for the
administration of the recreation reserve.
The land itself is characterised by grassy slopes rising to a height of 75 metres
bordered by steep, rocky cliffs at the coastal margins. The exposed nature of the
headland means it is often subjected to relatively high winds; having an average
hourly wind speed of 28km/h.
Wildlife Activities at Taiaroa Head

The nature of the terrain at Taiaroa Head provides a suitable breeding ground for
New Zealand Fur Seals and a variety of seabirds. Breeding colonies of Stewart
Island Shags, Spotted and Little Shags, Southern Blue Penguins, Sooty Shearwaters
(Mutton birds), Gulls and the Royal Albatross are distributed over the area.
It is the presence of the Royal Albatross, predominantly the northern sub-species
Diomedea epomophora sanfordi, however, that makes Taiaroa Head unique. It is the
only mainland breeding colony of any albatross species in the world, and it is one
that is within close proximity to a major urban area. Other colonies of Royal
Albatrosses are in very remote locations in the Chatham Islands group and on the
Auckland and Campbell Islands. The colony at Taiaroa presents a valuable
opportunity for detailed long-term scientific study of an otherwise inaccessible
species.
Records relating to albatross behaviour and breeding patterns have been routinely
collected since the 1960s by the Department of Conservation which is responsible for
the management and conservation of the colony. In addition, records dating back to
the 1930s exist due to the efforts of individual conservationists such as Dr L.E.
Richdale. These records provide a rich source of data for spatial analysis of albatross
nesting patterns.
Human Activities at Taiaroa Head

The location of the headland at the entrance to the Otago harbour has meant that it
has long had strategic significance for people living in the area. One of the first
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records of Maaori occupation was the establishment of Pukekura pa by Kai Tahu
sometime after 1650AD (Leach and Hamel 1978) . Although this pa remained an
important Maaori settlement for some time it had been abandoned by the time the
first Europeans arrived around the turn of the nineteenth century.
The period spanning 1850 - 1900 saw one of the busiest periods of human activity at
Taiaroa Head (Purvis, et al. 1993) . Navigational aids additional to those already
extant were established. The most notable of these was the construction of the
Taiaroa Head lighthouse which became operational in 1865, making it New
Zealand's fourth oldest. Russian 'scares' during the 1890s led to the establishment of
military fortifications at Taiaroa Head. These included gun emplacements at Howlett
Point, Tarewai Point and The Neck, and the installation of an Armstrong
disappearing gun in 1895 (which has been restored and is still present). These
installations were upgraded and added to during the first and second world wars.
Defence activities declined rapidly after the end of World War II, and by 1959 the
army had relinquished control of the military installations. Since 1950 the major
human activities at Taiaroa Head have centred around the protection of the albatross
colony.
The development of Fort Taiaroa, as the installation was known, and supporting
infrastructure such as a parade ground, tracks, and tunnels resulted in considerable
changes to the landscape of the headland that have been beneficial to albatrosses
nesting there. Tracks cut around the hillside provide numerous flat areas favoured
for nesting sites, and the coastal shrubs natural to the area have been replaced by
pasture grasses that impose less hindrance to the birds when taking off and landing.
The close proximity of Taiaroa Head to Dunedin and the striking appearance of the
birds themselves (with wingspans that can exceed three metres) has meant that the
colony has become increasingly popular as a tourist attraction. Visitor numbers have
increased from 200 in 1972, when controlled public viewing commenced, to 109,000
visitors to the Trustbank Royal Albatross Centre in 1991 (DoC 1992) . Of those,
some 43,000 viewed the albatrosses and it is estimated that as many people are
turned away as actually view the colony.
Increasing numbers of tourists to the albatross colony are placing increased pressures
on the facilities there and, it is suspected, on the birds themselves. At present the
Richdale observatory, from which visitors may view nesting birds, is being used to
capacity. Hence there is perceived need for a second observatory on another part of
the headland to take pressure off the existing observatory and to allow visitors to see
birds not presently within view. However, it is suspected that the amount of human
activity about the Richdale observatory is creating some disturbance to the birds;
increasingly, albatrosses appear to be selecting nest sites out of view of the
observatory (ODT 1992; Hyde 1993) .
THE ROLE OF SPATIAL INFORMATION SYSTEMS

The success of the colony has not been without human assistance. Although eggs
have been laid annually since 1919, they were either removed or broken during the
first 20 years of the colony. It was not until the 1937/38 breeding season, when
protection of the colony was established, that an albatross chick was successfully
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reared to fledging. Since then the annual population has steadily increased to the
current 60 - 70 birds. The present success of the colony has been due to Department
of Conservation management practices such as the fostering and hand-rearing of
chicks as required, vegetation, pest and predator control, and the strict control of
visitors to the colony.
The development and administration of wildlife management programmes is a
complex process involving consideration of many, often interrelated, factors. GIS
are increasingly being applied to environmental and habitat management (Kessell
1990; Johnson, et al. 1991) to characterise and predict the behaviour of natural
systems, and the impact of human activities on those systems (Norton and Williams
1992) . The focus of this research is to develop a pilot SDSS to represent and
analyse the interaction between human and wildlife activities, and environmental
factors at Taiaroa Head. The use of GIS as a tool for the development of the system
is considered appropriate as many of the factors influencing the colony are spatial in
nature; that is, they occur within and over space.
Initially, there are two primary issues that have been raised by the Department of
Conservation to be addressed by the pilot system:
• Spatial analysis of nest site selection patterns. To determine whether albatrosses
are tending to select nest sites out of view of the public, an analysis of nest site
selection patterns over time is to be carried out. Results of this analysis will be
correlated with visitor data to determine the relationship (if any) between these
variables.
• Visibility analysis of nest sites within view of the Richdale observatory and other
potential observatory sites. It has already been remarked that the Richdale
observatory is being used to capacity and that many nest sites are not within view of
the observatory. Should it be decided that a second observatory is warranted (and no
significant correlation between visitor activities and nest selection exists), there is the
question of locating it to receive the best view of the colony while minimising the
risk of disturbance to nesting albatrosses. Digital Elevation Models (DEMs)
generated by GIS may be used to derive visibility information from topographic
surfaces in the form of areas that are visible from any given viewpoint. This
information has been shown to be of use for such site selection analyses (Lee 1991;
Lee 1992) .
In order to conduct these analyses it has been necessary to acquire accurate and
sufficiently detailed spatial data regarding the physical topography, cultural and
natural features of Taiaroa Head. This investigation also provided an opportunity to
determine accurately the location of albatross nest sites for the 1993/94 breeding
season.
SPATIAL DATA ACQUISITION METHODS

Data to be used in the system have been gathered from a number of available
sources. However, due to a lack of accurate large scale data, much of the data had to
be acquired by carrying out additional surveys of Taiaroa Head.
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Existing Maps and Digital Datasets

Topographic information regarding Taiaroa Head is available in the form of paper
maps and Digital Terrain Databases (DTDB) from the Department of Survey and
Land Information. The DTDB contains data with a point accuracy of ± 22m (90%)
in position, ± 10m (90%) in height and a contour interval of 20m. While the use of
existing data is a cost effective means of acquiring spatial data, the small scale of the
data available was considered insufficient to generate the detailed DEM required for
spatial analysis of activities at Taiaroa Head.
Paper maps provide data for other themes contained in the system such as soils,
geology, vegetation and cadastre. In addition, historic albatross nesting records exist
in the form of sketch maps maintained by the Department of Conservation.
In order to generate a detailed terrain model of the headland, acquisition of original
large scale topographic data was required. This acquisition has been facilitated by a
combination of three surveying methods: ground, aerial and satellite (namely Global
Position System, or GPS) surveys.
Aerial Surveying Techniques

Colour stereo aerial photography of Taiaroa Head was obtained in June 1993. Aerial
photography provides a rich source of spatial data due to its high resolution.
Subsequent interpretation of these data by stereo photogrammetric techniques
elicited a great deal of data regarding the topography of the headland as well as
notable cultural features such as roads, fences, buildings and the military
fortifications. It was also possible in some cases to distinguish individual albatrosses
that were present at the time. The result of the photogrammetric interpretation was
the production of a 1:1,000 scale topographic map based on the north Taieri geodetic
with a five metre contour interval and included the features mentioned above.
Despite the wealth of data gathered from the aerial survey, the acquisition of data
from this source was not without limitations. The minimum contour interval that
could be derived was limited by both the altitude at which the photographs were
taken, and by the amount of photo control information that could be obtained.
Although Civil Aviation Authority restrictions impose a minimum flight level of
610m (2,000ft.) over Taiaroa Head for the protection of the colony, the photographs
were taken at an altitude of 3,500ft. As aerotriangulation techniques were not
considered viable for the purposes of this study, this was the minimum altitude at
which the entire headland could be included in a single frame while allowing for
sufficient overlap between the stereo pair. Also, the extent of photo control that was
obtained by plane surveying techniques was restricted to the areas east of the nature
reserve since access to the reserve is granted by permit only.
GPS SURVEY OF TAIAROA HEAD

It has been remarked that it was desirable to record accurately the position of
albatross nests for the 1993/94 breeding season. Also, it was felt that acquiring
additional topographic data regarding the tracks favoured as nesting sites would be
advantageous to the generation of an accurate terrain model. These data proved to be
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difficult to acquire from photogrammetric techniques as it was often difficult to
define the boundaries of the tracks precisely. Conventional theodolite and
Electromagnetic Distance Measurement (EDM) as well as Global Positioning System
(GPS) surveying techniques were considered viable alternatives for acquiring these
data. A major consideration in carrying out a survey of the nature reserve was to
keep disturbance of nesting birds to an absolute minimum. Therefore conducting the
survey quickly as well as accurately was a key issue. A GPS survey was employed
because of the difficult nature of the terrain meant conventional techniques would
require a greater number of time consuming set-ups. GPS surveys also offer other
advantages :
• GPS surveys are productive. Even in the hands of inexperienced operators, many
points can be fixed quickly and accurately. Accuracy is a function of satellite
geometry with respect to the receiver rather than operator skill. During the 2 1/2
days the survey was conducted positions of 510 points (see figure 3) within the
nature reserve were determined. While it is true that other techniques such as total
station are capable of this level of productivity, GPS is the faster method in rough
terrain as no time is required for traversing (Townsend 1991) .
• GPS is also accessible. With the complete constellation of 18 satellites plus three
active spares global 3-dimensional coverage is provided almost 24 hours a day
(Wells 1987) . During the period of the survey there was one period of fifteen
minutes that the minimum number of satellites was not available.
The survey was carried out using a pair of Trimble 4000SE receivers and associated
antennas, radio transceivers and data recorder. Both fast static and real-time
kinematic (RTK) survey methods were used for surveying the nature reserve. The
fast static survey was used to establish a number of known points (or base stations)
from which RTK surveys were performed.
As with any topographic survey there are a number of stages that must be carried out
to ensure reliable data are obtained. These stages are illustrated in figure 1.
Mission Pre-Planning

Preparation for a GPS survey often requires more rigorous planning than is necessary
for other survey methods (Trimble Navigation 1993, pg. 14.2) . There are two
aspects to planning a GPS survey:
•
•

Field planning, and
Office planning.

Field planning involves a reconnaissance of the survey area to identify obstructions
that may cause a 'loss of lock'. Kinematic surveys require that the two receivers used
maintain a lock on at least four satellites for the duration of the survey. Field
planning is also useful for determining possible sources of multipath effects caused
by the antenna picking up spurious satellite signals that are reflected off nearby solid
objects.
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Office planning is carried out to determine satellite availabilities for the period of the
survey. This is particularly important for kinematic surveys where at least four
satellites must be visible (ie. above the horizon) for the duration of each RTK survey.
To determine the location of a point in three dimensions, distances to four satellites
must be measured. Distances (or 'ranges') to satellites are measured as a function of
the time interval taken for a signal to travel from satellite to receiver. Accurate
determination of this interval requires that clocks in both the satellite and receiver be
synchronised. However, in the GPS system there is no such synchronisation.
Receivers contain an inexpensive crystal clock which only approximates GPS time
so all ranges to satellites contain a systematic error component or bias. GPS
receivers overcome this by measuring 'pseudoranges' (the true range ± the error
caused by the clock bias) to four satellites simultaneously. Four pseudoranges are
required to solve the four unknowns in the equation; the three positional unknowns
of latitude, longitude and height, and the clock bias (Hofmann-Wellenhof, et al.
1992) .
Office planning is also necessary to determine periods during the survey in which the
positional dilution of precision (PDOP) is too high to yield a reliable solution. PDOP
is a measure of the 'strength' of the geometry of the satellites being measured. It is an
arbitrary value which is proportional to the volume of the pyramidal shape formed by
the four satellites being observed and the receiver. If the satellites are close together,
or are all low on the horizon, the geometry of the solution will be poor and
consequently the PDOP value will be high (with a corresponding degradation in
positional accuracy). As a general rule, PDOP values above six are considered too
high to yield a reliable solution.
Office planning is performed with the assistance of computer software that is based
on the computation of satellite ephemerides. For any given time and location the
positions of all GPS satellites are computed and satellite availability and PDOP
information are calculated.
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Fast Static Surveying

A fast static (also called rapid static) survey was employed to establish the positions
of points that would serve as reference sites for subsequent RTK surveys. These
points are illustrated in figure 2. One receiver is set up on a known reference site (in
this case a trig station at the summit of the headland) and continuously tracks all
visible satellites. The other receiver visits each point to be surveyed for a few
minutes to determine the vector between the reference site and the unknown site
using a fast ambiguity resolution approach (FARA). This approach involves
measurement of the code and carrier phase components of the GPS signal on both the
L1 and L2 carrier frequencies.
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Fast static surveys are more suited to the measurement of short baselines since the
resolution of phase ambiguity (from which the differential between receivers is
computed) is dependent on ionospheric disturbances (Frei, et al. 1992). Over short
distances (up to 5km) these disturbances are negligible allowing positions to be
determined (during this survey) in an average time of 8 minutes each. Other static
surveying methods require observations of up to 60 minutes each. Fast static
methods were found to be particularly appropriate for the survey of Taiaroa Head
given the requirement of completing the survey as rapidly as possible.
Real-Time Kinematic Surveying

With the new reference sites established, the remaining task was to survey the
topography of the nature reserve and the locations of albatross nests. Points fixed for
topographic purposes were the boundaries of the tracks where albatrosses prefer to
nest and slope breaks (areas where there is a change in the slope of the terrain).
Because the survey was carried out immediately after the egg laying period it was
not possible to simply place the antenna over a nest site since it was occupied by a
rather protective albatross. To determine the positions of the nests it was necessary
to measure two points on either side of the nest and record the offset distance to the
nest on the data recorder along with the position of the point. The offset distance
used was usually one metre although this varied depending on the nervousness of
each bird.
Although ten reference sites had been established during the fast static survey, the
RTK surveys of the reserve were accomplished using six of these (including the trig
station), with one RTK survey being performed for each reference site used. The
individual surveys were to be combined during the post-processing phase. The
remaining reference sites were revisited to provide redundant data for postprocessing purposes.
Kinematic survey techniques involve the use of one stationary receiver located at a
known point and one 'roving' receiver. Both receivers constantly monitor the same
satellites and communicate with each other via radio telemetry. At the beginning of
each RTK survey both receivers are set up over the reference site and initialised to
monitor the same satellites. After initialisation one receiver is placed in roving mode
(while in this mode it continues to monitor satellites) and the survey commences.
RTK surveys are productive in that a large number of points may be determined
quickly. Because satellites are monitored continuously the vector to an unknown site
can usually be determined in 5-10 seconds. However, this technique places some
constraints on the manner that the survey is conducted and the way the equipment is
handled. If the roving receiver 'loses lock' on the minimum satellites necessary it is
necessary to return to the reference site or some other known location (eg. the last
point surveyed) and re-initialise the receivers.
Post-Processing of Field Data

Field data from the survey was obtained in two forms. Fast static measurements
were recorded in the form of differentials, or vectors, between the reference site and
each unknown site. RTK measurements were recorded in the form an absolute GPS
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position (expressed as a WGS84 co-ordinate) obtained during the initialisation of the
survey and calculated in the field for each point surveyed.
Post-processing of data obtained in the field was carried out to determine the
absolute positions of points measured in the fast static survey and to combine the
individual RTK surveys. Finally all points were transformed onto a common
reference datum, the north Taieri geodetic, to facilitate integration with other layers
in the GIS.
After downloading the field data to a personal computer the first step was to process
the fast static data. Vectors from this survey were processed using Trimble
GPSurvey™ software to calculate the absolute co-ordinate measured for each point
based on the known position of the reference site.
Data obtained from the RTK surveys were imported into Trimble TrimMap™
software. A separate database was created for each survey. The points in each
database were then transformed (by a network adjustment in X and Y) onto the
common reference datum established by the fast static post-processing. Absolute
satellite positions determined by RTK surveys, although precise relative to each
other, may contain a true positional error in excess of 80m in all three dimensions
(Wells 1987, pg. 4.23). The fast static survey was therefore necessary to establish a
precise frame of reference for the kinematic surveys. Finally the individual
databases were combined to form a single database and a height transformation
applied.
Presentation

Presentation of GPS survey results in this case refers to the integration of survey data
into an existing spatial database (Genamap™). Records from the TrimMap™
database were exported to an ASCII text file containing the following data for each
point:
•
•
•
•
•
•

GPS point number
X co-ordinate (north Taieri datum)
Y co-ordinate (north Taieri datum)
height (metres above sea level)
Point code
Point description (descriptive text entered into the data recorder when the point
was measured).

The integration process comprised a series of steps to manipulate this data into a
format compatible with Genamap™ and generation of the point features within the
spatial database. The distribution of the points surveyed within the nature reserve is
illustrated in figure 3.
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CONCLUSIONS

Any conclusions regarding the effectiveness of the GPS surveying methods
employed are only preliminary with respect to the development of the pilot system
outlined in this paper. Generation and assessment of the DEM to be used for the
spatial analyses described will lead to more concrete conclusions. However, it may
reasonably be expected that the judicious selection of the points surveyed within the
nature reserve, when combined with spatial data derived from the aerial survey, will
improve the quality of the derived model. Conclusions regarding the applicability of
GPS as a data collection tool are another matter.
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While aerial surveys are normally sufficient for the acquisition of topographic spatial
data, the limitations encountered here, and the requirement for acquiring nest
location and track boundary data meant it was necessary to actually visit sites of
interest. For the purposes of this study GPS surveys were considered to offer
significant advantages over conventional techniques. GPS was found to be an
accessible method and one that was easy to use - particularly from the senior authors'
perspective. The most significant advantage, however, was the speed with which the
survey could be conducted using fast static and RTK surveying methods. Given the
over-riding concern of minimising the risk of disturbing nesting birds, GPS surveys
were found to be particularly appropriate.
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