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Estimated numbers of breeding pairs of the Lesser Noddy (Houtman Abrolhos) Anous tenuirostris melanops are
reported from 14 surveys made between 1986 and 2014. Numbers on the three breeding islands, Pelsaert, Wooded and
Morley, have fluctuated between years and within colonies. Total estimated numbers of breeding pairs for the Houtman
Abrolhos population have varied from c. 77 000 in 1986 to c. 48 000 in 1993 and 2007; however, in most cases a lower
number in one year has been followed by higher numbers in succeeding years. There has been decline in numbers
since 1986, with both 2013 and 2014 both having relatively low estimates. Lesser Noddies nest only in Grey Mangrove
Avicennia marina low forests and there has been considerable mangrove dieback during the past two decades, with
Morley Island being particularly affected. The subspecies clearly meets IUCN Red List criteria for Vulnerable, and if a
precautionary approach is taken to evaluation, could meet criteria for Endangered.

INTRODUCTION

The Australian subspecies of the Lesser Noddy Anous
tenuirostris melanops nests in Grey Mangroves Avicennia
marina on three islands in the Houtman Abrolhos, off
Geraldton, Western Australia. Because of the very small ‘Area
of Occupancy’ during breeding (less than 4 ha) and declining
numbers, it is listed as Vulnerable under the Environment
Protection and Biodiversity Conservation Act 1999 (Cth),
and because more recent data showed a significant decline, as
Endangered under the Wildlife Conservation Act 1950 (WA).
In The action plan for Australian birds 2010 (Garnett et. al.
2011) it was evaluated as Endangered B2ab(iii,v) using [TUCN
Red List Categories and Criteria. It also meets Vulnerable D2,
having a population with a very restricted area of occupancy
and plausible threats (mangrove decline, and decline in food
supply due to changes in the strength of the Leeuwin Current).

Estimates of the number of breeding pairs on each island
were provided by Burbidge and Fuller (1989, 2004), Fuller et
al. (1994) and Surman and Nicholson (2009a), with the last
of these showing a significant decline in numbers of breeding
pairs. In this paper we report the unpublished data of Surman
and Nicholson (2009a) and counts since that time, and examine
trends in the size of the breeding population. While, in recent
years, we attempted to make quadrat counts near the peak of
the season, this was not always possible for logistical reasons.
Thus, comparing data on nests in use is of limited value and the
best estimate of the number of breeding pairs is calculated using
nests in use plus those under construction. We also report on
mangrove dieback and how it may have affected Lesser Noddy
breeding pair estimates.

METHODS

Transects have been maintained through all breeding
colonies since 1986 (Burbidge and Fuller 1989). A total of ten
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transects on Pelsaert Island, three transects on Morley Island
and five transects on Wooded Island were surveyed (Figure 1).
One additional transect was added on Morley Island to increase
sampling rate after significant death of mangroves there (see
below). All nests two metres each side of a central permanently-
marked line (the Transect) were counted. Each transect was
broken down into continuous five metre long sections, with
the result that each survey quadrat (4 x 5 m) covered 20 square
metres. Each transect commenced at one edge of the mangal
and bisected a section to the opposite edge, usually orientated
roughly in a west to east direction (Figure 1 and Table 1).

From 1986 to 1999 nest counts took place on five occasions
and all occupied nests (egg or chick) or nests judged to be
under construction or to have been recently used during that
breeding season were counted. Surman (1997) quantified the
status of nests in order to better assess the status of breeding,
differentiating nests containing old nesting material from
previous seasons with those of the current season including
nests under construction or refurbishment. Data from the
2006/07, 2007/08, 2008/09, 2013/14 and 2014/15 breeding
seasons included nests with an assigned status as follows:

1. Old — existing nest containing material from previous
nesting seasons

2. Sargo — nests recently refurbished with fresh brown algae
(Sargassaceae)

3. Ulva — nests recently added to with brown algae and lined
with sea lettuce (Ulva lactuca, Ulvophyceae)

4. Egg — nests containing an egg or an adult incubating an egg

5. Chick —nests containing a chick, these were also categorised
by age class

6. Chick guano — recently constructed nests with a guano ring
along outer edge

7. Dead Chick — nests containing a dead chick

8. Abandoned — nests containing an addled, cracked or
abandoned egg.
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Figure 1: Location map showing the three islands surveyed (Wooded,
Morley and Pelsaert) and the approximate location of survey transects
monitored.

The estimated number of breeding pairs for a breeding
season was calculated using nests from categories 2 to 8 above.
As nesting is not synchronised, the inclusion of nests relined
with fresh marine algae allowed an indication of pre-laying
activity and prediction of those nests likely to contain an egg
at a later date. For breeding seasons since 2006/07, we also
calculated nests in use at the time of the quadrat counts; these
were the sum of categories 4 to 8. The total number of Lesser
Noddy nests was estimated by multiplying the mean density of
nests for each colony and extrapolating this to the total area of
mangroves occupied in that colony for that year (Table 3).

Lesser Noddy pairs use a single nest in a breeding season,
and can re-lay in that nest if the initial breeding attempt fails
(Surman and Wooller 1995); thus a second breeding attempt
in one season does not result in over-estimating the number of
breeding pairs.

Visit dates relating to new data reported here were:

e 2006/07 breeding season: Pelsaert Island 3-5 December;
Wooded Island 11 December; Morley Island 12 December
2006.

e 2007/08 breeding season: Pelsaert Island 18—-20 November;
Wooded Island 23 November; Morley Island 24 November
2007.

e 2008/09 breeding season: Pelsaert Island 21-24 December;
Wooded Island 14 December; Morley Island 15 December
2008.
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Table 1

The location, number and size of monitoring transects on Pelsaert,
Morley and Wooded Islands, Houtman Abrolhos.

Island Transect No. of Quadrats Length (m)
Pelsaert 1 13 65
2 7 35
3 8 40
4 11 55
5 13 65
6 10 50
7 14 70
8 5 25
9 15
10 5 25
Total 10 89
Wooded 1 8 40
2 6 30
3 5 25
4 4 20
5 6 35
Total 5 29
Morley 1 10 50
2 13 65
3 8 40
4% 6 30
Total 3 37

* Transect No. 4 was added in 2014, shown in Fig. 1 in blue

e 2013/14 breeding season: Pelsaert Island 12 to 13 November;
Morley Island 7 December; Wooded Island 8 December
2013.

e 2014/15 breeding season: Pelsaert Island 24-27 November
Morley 17 November; Wooded 18 November 2014.

Prior to 2006, estimates were based on the total area of
mangroves calculated from aerial photographs, with quadrats
containing unsuitable habitat included in calculations. From
2006, areas used in calculations were the estimated area of live
mangroves, with quadrats containing unsuitable habitat (i.e.
dead mangroves or no mangroves) omitted from calculations.

Areas of live mangroves were estimated using polygons
over aerial photographs taken during each survey using fixed-
wing aircraft and aerial photographs overlaid on Google Earth
using the Landgate (Western Australian Land Information
Authority) application ‘Locate’.

RESULTS

Estimates and standard errors of the number of breeding
pairs and, for later years, the estimated number of nests in use,
for each colony, and the summed means for islands with more
than one colony, are presented in Table 2 and Figure 2.

Estimated numbers of breeding pairs have fluctuated within
and between islands. Numbers of breeding pairs on Pelsaert
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Figure 2: Summed means of estimated number of breeding pairs of Lesser Noddies for each island and for the whole Australian population. Hollow

bars are nests in use at the time of the estimate.

Island, which has the largest colonies, were relatively stable
between 1991 and 2006, were lower in 2006, but recovered in
2007. In 2013 numbers were again close to the levels estimated
between 1991 and 2006, but the 2014 estimate was lower.
On Wooded Island, there have been major fluctuations with
estimates between 1989 and 1997 being between c. 5300 and c.
9500 breeding pairs. However, in 1999 the estimate was greater
than 14 000 but was only c. 3200 in 2000. Estimates in 2006
and 2008 were greater than 12 000 pairs; however, in 2007
the estimate was only c¢. 6700. Morley Island has also shown
fluctuations with greater than 16 000 estimated in 1989 and
2006, but lower estimates in other years. The 2013 estimate of
c.4 700 pairs was the lowest on record.

For the Houtman Abrolhos population, numbers have been
relatively stable, but with some years of lower estimates. The
estimates in 2006/07 and 2007/08 breeding seasons were low,
but similar to 1993. The estimates for 2013/14 and 2014/15
seasons are comparable with those of 1993 and 2007, but this
was the first time that two consecutive yearly estimates are low.

Table 3 shows estimated percent of dead and defoliated
mangroves in selected years between 1964 and 2014. Although
there has been an overall loss of breeding habitat, the percentage
of mangrove habitat for each colony that was affected by
defoliation or dieback from 1964-2012 (Table 2) has varied,
with recovery in some colonies, notably the mangroves in
colonies 1 and 2 on Pelsaert Island, which are the largest Lesser
Noddy breeding colonies.

DISCUSSION

Trends in numbers of breeding pairs

The 2013/14 and 2014/15 season estimates are some of the
lowest on record (Table 2). Whether these numbers reflect a long
or short-term decline is unclear. A number of factors may be
contributing to population decline, including mangrove dieback
(Surman and Nicholson 2009a), ENSO-driven reproductive
failures (Surman and Nicholson 2009b) and longer term
changes in local oceanography (Surman et al. 2012). Surman
et al. (2012) found that there were significant oceanographic
influences upon the timing of breeding of Lesser Noddies, with
later breeding between 2001 and 2010 when compared with the
previous ten years (1991-2000).

It is notable that the proportion of nests in use on Wooded
and Morley Islands was higher in 2013 (counts made 7 and 8
December) than on Pelsaert (counts made 12—13 November).

Change in the extent of useable mangrove

A potential threat to the Houtman Abrolhos Lesser
Noddy population is mangrove dieback and defoliation. On
Wooded Island the long-term presence of a Pied Cormorant
Phalacrocorax varius colony in the mangroves has caused
extensive mangrove defoliation. Whilst the Pied Cormorant
colony shifts location from one year to the next, the foliage
of regenerating mangroves is too dense for Lesser Noddies to
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Table 3
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The total mangrove area (m?) and percentage of total mangrove habitat for each colony that was affected by defoliation or dieback from 1964-2014.
Data estimated from aerial photographs obtained from Landgate (1964 — 2006, 2012), fixed wing aircraft (2007-2008), and a remote drone (2014). Pied
Cormorant colony area (PC, % of total mangrove habitat) on Wooded Island is also included. Data for mangrove habitat on non-Lesser Noddy breeding
islands included for comparison.

Island Colon Area Year
y (m?) 1964 1978 1982 1987 1998 2004 2006 2007 2008 2012 2014
Pelsaert 1 16 215 14 0.0 0.0 0.0 6.1 4.7 6.5 7.6 7.6 09 09
2 12214 24 00 0.0 0.0 5.8 13.2 9.8 12.6 12.6 4.6 4.6
3 3010 92 - 9.9 124 11.7 8.7 11.0 6.0 53 35 35
4 1783 8.1 - 10.1 0.0 1.2 0.0 34 0.0 0.0 0.0 0.0
5 12 193 114 - 10.2 20.7 4.6 2.6 24 0.7 0.7 55 10.6
6 1520 4.8 - 9.2 6.3 6.3 39.2 352 11.1 9.2 9.2 9.0
8 3965 - - 58.9 432 - 4.5 - - 3.8 34 25.6
Wooded 10 168 123 - 103 9.2 5.7 184 18.5 19.5 10.7 1.7 7.6
PC 140 123 13.9 132 64 6.9 164 0.0 73 12.8
Morley 11 968 34.0 - 7.1 2.9 2.5 39.6 350 469 393 33.0 30.0
Serventy 2140 0.0 7.0 0.0
Burnett 5540 1.9 52 7.0
Post Office 7300 1.7 6.1 7.8
Newman 4220 09 27.1 189
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Figure 3: Annual rainfall at Geraldton from 1877 with linear trendline. Years with incomplete data are omitted. Data from the Australian Bureau of

Meteorology.
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recolonise for many years. On most islands, and some areas on
Wooded Island, mangrove dieback cannot be attributed to the
Pied Cormorant colony.

Table 3 shows that mangrove decline is, to some extent,
cyclic. Two hypotheses may explain these changes. Firstly,
Lesser Noddy nesting leads to increased nutrient levels from
guano deposition; the subsequent defoliation causes the birds
to nest elsewhere until the area recovers. This was observed
on Pelsaert Island when in 1991/92 Lesser Noddies abandoned
Colony 5 (when 20.7% of the mangrove there was defoliated) for
15 years until their return in the 2006/07 season to completely
regenerated mangroves (0.7% dieback, Table 3).

Secondly, declining regional rainfall may lead to less flushing
of both salt and nutrients from mangrove areas. Rainfall at the
closest long-term station, Geraldton (60 km E, Figure 3), shows
such a decline in line with much of SW Western Australia.
Lower rainfall may explain mangrove decline in part, noting
that decline has also occurred on close-by islands where Lesser
Noddies do not breed (Table 2).

Mangrove dieback and death has been particularly severe on
Morley Island. Biota (2005) noted that when Grey Mangroves
exist at the extremes of their physiological tolerance, changes in
nutrient level through reduced tidal flushing or sediment build-
up often results in mangrove dieback. At the Houtman Abrolhos
the trigger for this on Lesser Noddy breeding islands appears to
be at least partly due to the build-up of guano excreted by the
Lesser Noddy, and the ability of defoliated areas to recover is
determined by the levels of tidal flushing.

Observed and predicted sea-level change may adversely
impact mangroves at the Houtman Abrolhos. Since 1990, sea
levels in SW Western Australia have risen at a faster rate (9
mm/y') than elsewhere in Australia resulting in an average 160
millimetres rise in sea levels (Church and White 2011; Steffen
and Hughes 2013). Predicted rates of increase by century end
(500-1000 mm, NTF 2011) will presumably lead to further
coastal erosion and loss of mangrove habitat. The three breeding
islands are protected from winter storms by a coral reef and
lagoon to the west, but not to the prevailing summer strong
southerly winds.

Oceanographic effects

Long-term oceanographic variability is known to have
negatively impacted both timing of breeding and reproductive
success in the Lesser Noddy and other seabird species at the
Houtman Abrolhos and further afield (Dunlop et al. 2002;
Surman et al. 2012). ENSO events in 1997, 2002 and 2004
led to delayed onset of breeding and near catastrophic breeding
failures in Lesser Noddies, Brown Noddies Anous stolidus and
Sooty Terns Onychoprion fuscatus, and in very low breeding
participation in the Wedge-tailed Shearwater Ardenna pacifica
(Surman et al. 2012).

The strong link between ENSO events and breeding failures
in seabirds appears to be decoupling with poor breeding seasons
being also observed in non-ENSO years (Surman 1998; Surman
and Nicholson 2009b). It would appear that the environmental
trigger for the arrival of prey, perhaps as a result of a delayed
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autumn sea surface temperate (SST) peak (Caputi et al. 2009),
has shifted and has led to consistently later breeding. Whilst
the resident Lesser Noddy was found to be the most resilient to
change of four species studied (Wedge-tailed Shearwater, Sooty
Tern, Brown Noddy and Lesser Noddy - Surman et al. 2012) the
cumulative impact of consecutive poor breeding seasons may
inevitably lead to a reduction in the numbers of young entering
the breeding pool.

Movement between islands

Changes in population sizes at various islands or colonies
may be in part the result of movement of Lesser Noddies
between mangrove areas. Wooded and Morley islands are
situated very close to each other in the Easter Group, with the
distance between the colonies (c. 600 m) being less than the
distance between colonies 2 and 5 on Pelsaert (c. 3 km, Figure
1). Pelsaert Island colonies, however, are a minimum of 27
kilometres south of those on Wooded and Morley Islands. On
Pelsaert Island, new small colonies of Lesser Noddies were
established in some years and abandoned later (Table 1). The two
major colonies on Pelsaert Island (1 and 2, Figure 1) have been
occupied continuously since 1989, however smaller colonies (3
— 8) have only contained breeding birds in some years. Whilst
Lesser Noddies are generally site-faithful (Surman and Wooller
1995), several birds banded at Colony 2 on Pelsaert Island have
been observed nesting at Colony 5, three kilometres distant.

Conservation status of the Lesser Noddy (Houtman Abrolhos)

Lesser Noddies have been reported on islands at Ashmore
Reef in small numbers (<120) in 2009 and 2010 and four were
recorded nesting there in April 2010 (Clark ez al.2011). Houtman
Abrolhos Lesser Noddies disperse during the non-breeding
period across waters from Cape Leeuwin to North West Cape
(Surman, unpublished geolocator data). This was confirmed
recently when Lesser Noddies were observed roosting at night
on Bernier Island, Shark Bay (Colleen Sims, pers. comm.).
Lesser Noddies have also been reported occasionally at various
places along the SW coast, usually associated with storm fronts
(Higgins and Davies 1996). These records suggest that the only
significant breeding colonies in the eastern Indian Ocean occurs
at the Houtman Abrolhos.

Garnett et al. (2011), using IUCN Red List categories and
criteria version 3.1 (IUCN 2001) evaluated the Australian
subspecies of the Lesser Noddy as Endangered B2ab(iii,v).
This requires that the Area of Occupancy (AOO) be less than
500 square kilometres and that it is severely fragmented or
known to exist at no more than five locations and that there be
a continuing decline in area, extent and/or quality of habitat and
number of mature individuals. The AOO is c. four hectares,
being the area of the colonial breeding mangroves (there are
other small mangrove forests in the Houtman Abrolhos that are
not used by Lesser Noddies for breeding; however, the total area
of these is less than the area used in recent decades) and the
subspecies breeds in three locations. However, data presented
in Figure 2 and Table 2 indicates that there is not a ‘continuing
decline’ in the number of mature individuals. It is unclear
whether there is a ‘continuing decline’ in the ‘area, extent and/or
quality of habitat’ (the mangroves) although mangrove dieback
is persisting at several sites.
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The Lesser Noddy (Houtman Abrolhos) meets Vulnerable
under criterion D2, having a very restricted AOO and fewer
than five locations and plausible threats (mangrove decline,
sea surface temperature changes leading to changes in food
availability, sea level rise) such that it is capable of becoming
Critically Endangered within a very short time period.
Therefore, whether to evaluate as Endangered or Vulnerable
may depend on how precautionary an assessor decides to be.
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