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SUMMARY

This project uses climate change modelling for Phillip Island, the WeBtat region and Bass
Strait to investigate the likely impacts of changes on the penguin populationliatIBlaihd over
the next 100 years.

The aims of this project were:
1 To review the predictions for climate change during the next 70-100 pedthkillip
Island, the Western Port region and Bass Strait;

2 To review the likely impacts of climate change ornpéreguin population on Phillip Island
and at the Penguin Parade in particular;

3 To recommend, within the adaptation options for the regiategigs for the protection of
the Little Penguin colony and the associated tourism infrastructure.

The potential impacts on Little Penguins have been considered under five broadshesding
level rise, decreased rainfall and humidity, ambient temperature rigensgerature changes and
winds, southern oscillation index and acidification.

1. Sea-levelrise
There will be some small loss (<< 1 %) of penguin breeding habitat on the Samanedninsula
due to sea level rise in the next 100 years but it is considered that breeding$abhitkely to be
limited on the Peninsula in this period. However, there is likely to be some erosion icirtitg vi
of Whaleshead Creek and further east which has implications for the Penguin Parade.

It is anticipated that there will be some loss of productivity of inshore watesss rait due to
sea-level rise also, which may ultimately result in reduced food birgyidor penguins.

2. Decreased rainfall and humidity
It is predicted that there will be little appreciable direct impact ofedesed rainfall and humidity
on adult Little Penguins over the next century. However it seems likely ihaisk will increase
and needs to be managed to ensure penguin survival is not reduced.

In addition, if the availability of anchovies is reduced by decreased rathiat adult penguin
survival (and possibly breeding productivity) may be reduced.

3. Increasing air temperatures
Increasing temperatures in burrows during daytime are likely to incrdakaereortality slightly
and chick mortality to an unknown extent.

Increasing burrow temperatures may also have a role in determiningnigreadcess and this
warrants investigation as does the scope for mitigation of burrow microesinttabugh vegetation
management and artificial burrow design.

4. Sea-surface temperatures in Bass Strait
Increasing sea-surface temperatures in Bass Strait may reaalearlier start to the breeding
season, increases in breeding success and increases in first-year sureneaprdductive
breeding seasons and higher first-year survival should improve recruitment integ¢tdmgr



population. Decreases have been predicted in adult survival in conjunction with irngssssin
temperatures, but more work is required to confirm the direction of this relationship.

Increased stratification of the water column may reduce productivity amdspondingly, food
availability for penguins but, conversely, increase foraging effigi@fd.ittle Penguins.

5. Winds, southern oscillation index and ocean acidification
Decreasing winds in the region are likely to reduce the recruitment of fish popsland hence
the availability of food for penguins, with potential impacts on their survival andibgesuccess.
It is unknown if wind direction and velocity directly affect penguin foraging success

Decreasing SOI may reduce adult survival and increase juvenile survivhkebuethanisms are
unknown for either.

Increasing acidification may reduce food availability for penguins.

Overall there are a number of aspects of the biology of penguins that aredikel affected, both
positively and negatively, by predicted climate change over the next 100 Beaesling
productivity and juvenile survival seem likely to improve with increasing sea tatopes.

Marine productivity and adult survival perhaps, seem likely to decline while ttiméeleehaviour
of penguins will possibly experience both negative and positive impacts as a consefuence
climate change. Some of the negative impacts can be addressed in the rsh@astesularly
those resulting from expected changes to the terrestrial environment.

A number of areas requiring further research have been identified includirftettte ef
temperature on breeding success and adult survival, the effects of sea i@eperandult
survival and productivity and the effects of rainfall on food availability. Continuadwewill be
essential as the predictions and implications for climate change develwgr furt
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BACKGROUND

Up to a thousand Little PenguiBsidyptula minoicome ashore on Summerland Beach, Phillip
Island at the world-famous “Penguin Parade”. The penguins make theiromayhie water to the
dunes and their nesting burrows. The penguin colony has been carefully managpalef@0
years now with many actual and potential anthropogenic threats being addoesssure that the
population remains secure (Dann 1992).

The Phillip Island Penguin Parade is an iconic component of Victoria’s tourdmstry, in 2003
attracting 500,000 domestic and international visitors and contributing millions ofsdallar
tourism to the region.



We have entered a time of significant climate change, with a range dblpdbsseats to
biodiversity, human populations and the infrastructure that supports our settlemerdsvitresa
It is important that we use the information we have available to us to ensuregttaiony of our
smallest species of penguin continues to thrive, for their own benefit, and for thi: dicthef
millions of visitors who come to watch them.

Phillip Island Penguin Project

The Western Port Greenhouse Alliance is currently involved in a projetingiaets of Climate
Change on Human Settlements in the Western Port Region: An Integratesegsment
Projectto model likely biophysical impacts due to climate change in the WesterreBimm. This
project,Climate Change and Little Penguinswill utilise the climate change modelling for the
Western Port region to investigate the likely impacts of changes on the penguirtipo@ila
Phillip Island. The information produced from this research will assist thecptegam, together
with other stakeholders, to make some assessments about strategies for gresstatpinability
of the penguin population and the tourism industry that is dependent upon them.

Project Objectives

1 To review the predictions for climate change during the next 70-100 ye#&tsilqy
Island, the Western Port region and Bass Strait.

2 To investigate the potential impacts of climatnge on the penguin population on Phillip
Island.
3 To recommend, within the adaptation options for the regiategies for the protection of

the Little Penguin colony and the associated tourism infrastructure.

APPROACH

Our approach has been to review climate change predictions for the WesteandP®@ort Phillip
Bay (including Phillip Island) region, for Bass Strait and marine aregsnaral. We have
obtained climate data from the Bureau of Meteorology, for the Phillipd$P@mguin Reserve
(http://www.bom.gov.au/climate/averages/tables/cw_086354_All.3htimladdition, this report
relies heavily on: Climate Change in Port Phillip and Western Port (Publishied Wictorian
Government Department of Sustainability and Environment, Melbourne, June 2008;
www.climatechange.vic.gov.guMclnneset al.2008 and Poloczansl al. 2007. 1t should be
noted that there is recent evidence (Copenhagen 2009) that some critical pararadtacking
closer to the worst case scenarios, however, detailed analysis is not katlavar Australia.

Having established the most probable climate scenarios for Phillip Islani/etern Port region
and Bass Strait, we reviewed the scientific literature and the longdegasets from the Phillip
Island Nature Park (see summary below) with a view to identifying likepacts on penguins.
These may be direct effects on the physiology and behaviour of penguins or irfthtst e
ranging from factors operating on the ecology and behaviour of their prey or anpand
secondary productivity in the pelagic ecosystem of Bass Strait. . We hawmeddhe
demographic datasets to detect any observed changes consistent with ciamgje trajectories
(e.g. time and success of breeding). Ultimately we have attempted tdyitikaly impacts on the
distribution and abundance of Little Penguins on Phillip Island.



Long-term datasets are central to documenting and understanding the redspesges to

climate change. Australian scientists have long claimed that the lackestablke climate signals

in the marine environment in this region is a consequence of the paucity of ecdiotgcséries
(Poloczanskat al 2007). The long-term datasets available for Little Penguins on Phillip Island are
highly unusual in their duration (40 years for some parameters) and have alloweed quit
sophisticated insights into this species’ likely responses to climatgehan

The long-term datasets for penguins breeding on Phillip Island are as follows:

Adult weights, pair bonds, limited adult & juvenile survival data (more post-1980) since
1968, adults weights daily since 2000;

Timing of breeding, hatching success, fledging success, mass ahndieiigce 1968;
Parade counts (nightly counts of the number of birds crossing the beach) since 1977;
Diet composition since 1982 ( 60% of years);

Breeding distribution on the Summerland Peninsula on Phillip Island since 1984 (five-yea
intervals);

Radio-tracking during breeding season 1986-1990; Satellite tracking duringnigreedi
season since 2002;

Diving behaviour since 2001.

Using these penguin data sets, our review looks at likely impacts of fieeafjaneas of projected
changes in climate with the life histories of Little Penguins and theitataisi Phillip Island:

1.

2.

Sea-level rise in Western Port and Bass Strait;
Decreased rainfall (and humidity) on Phillip Island and in Bass Strait;
Ambient temperature rise on Phillip Island;

Sea temperatures in Bass Strait and ocean currents (including thermactrnesSO
events);

Wind, Southern Oscillation Index and ocean acidification.



PROJECTED CHANGES IN CLIMATE

Background
In recent decades a number of changes have been observed im#te system which may
provide some context for likely implications of future projected climate shifts.

Surface Air Temperature

Compared to the 1961-1990 average, air surface temperatures in tlehifigrt/ Western Port
region were around 0.4 °C warmer during the period 1998-2007. Both maxintimiamum

temperature increased, with the largest change occurring dummgesr (~0.5 °C). In addition to
changes in mean temperature, the average number of days of ovem8feeSed (~3 additional
days per year), as did the number of days over 35 °C (~1 day pHssedfigure 1.1]. At the
other extreme, there were fewer cold nights (minimum temperatures < 8 f&y €ays per year).

Location: 886354 PHILLIP ISLAND PENGUIN RESERVE Location: 086354 PHILLIP ISLAND PENGUIN RESERVE

1 [
al o 9
7 B oasb————

~N
ma?

E s

s
2

I
] _:.94
3
E 2
5
i ¢ g
x

L L L —r L L L 1 L

Figure 1.1. Current monthly dlstrlbutlon of extreme maximum teatpers for Phillip Island
Penguin Reserve (based on the period 1981-2008); average number of aagrs34) °C, b) over
35 °C (Source: Bureau of Meteorology, Melbourne).
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Precipitation

Phillip Island Penguin Reserve rainfall tends to peak over themmmbnths (Figure 1.2.), June to
August. In recent times (1998-2007) rainfall in the Port PhillipeS¥rn Port region has declined
by around 14%, compared to the long term average (1961-1990). This dedifergest during
the autumn and winter periods. There was also a decrease in the ofiaidngs on which rain fell
(around 15 fewer days per year).
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Figure 1.2. Current monthly distribution of precipitation for Philliat&l Penguin Reserve (based
on the period 1981-2008). (Source: Bureau of Meteorology, Melbourne)



Changes in other climate variables

Wonthaggi meteorological data (1971 to present) indicates a weakighificant, trend towards
more dangerous fire weather days in the autumn and spring periodgh(thouvently there are few
of these days). There is some indication that the length diréheeason may be increasir@. (
Lucas, Bureau of Meteorology , personal communication

There is evidence that some ocean regions around Australia are currentlpgvand that
currents are changing on the east coast.

Climate change models

The Intergovernmental Panel on Climate Change (IPCC), the UnégdnN agency charged with
developing projections of climate change and the impacts that begitpected, use a number of
models based on a range of assumptions to develop their projectiose d$sume various
emissions scenarios which are dependent on the success of ioterinetiorts to limit the use of
fossil fuels.

Throughout most of this report, three emissions scenarios will beideved (from up to 23
models). They are:

Lower emissions (B1), which assumes a rapid shift to less fossil-fuel inteéndusdries;

Medium emissions (A1B), which is based on a balanced use of diffenengy sources,
i.e. not just fossil fuels;

Higher emissions (A1F1). Continued strong economic growth baseddepemdence on
fossil fuels. Models suggest that this scenario is likelyesult in higher temperature
increases than A2 (shown in Figure 1.3).
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Figure 1.3. (IPCC WGI Figure TS.32\ulti-model means of surface warming (compared to the
1980-1999 base period) for the SRES scenarios A2 (red), A1B (green) dbtu&]l shown as
continuations of the 20th-century simulation. The latter two scenar@gontinued beyond the
year 2100 with forcing (pressure of change) kept constant. An addiéepatiment, in which the
forcing is kept at the year 2000 level, is also shown (orangeat.inends from the corresponding
control runs have been removed from these time series. Lines shomuttienodel means,
shading denotes the +1 standard deviation range. Discontinuities betieemtperiods have no
physical meaning and are caused by the fact that the numbeod#igrthat have run a given
scenario is different for each period and scenario (numbers indicatéglre). For the same
reason, uncertainty across scenarios should not be interpreted from this figure.



Projected changes in climate

Surface air (ambient) temperature — Port Phillip / Western Port Region

By 2030 an increase in annual average temperatures of around 0.8°C (aitjeaof
uncertainty of 0.6 to 1.1°C) is likely under medium emissions.

By 2070 increases in annual average temperatures of around 1.3°C (0.9 toah@8°C)
around 2.5°C (1.7 to 3.5°C) are likely under lower and higher emissions issenar
respectively.

Average temperature is very likely to increase inedisons, most significantly in summer and least
in winter.

The number of days > 35 °C is expected to double by 2030 and triple by 2070.

Increased incidence of drought (up to 20% more frequent by 2030) aredh@at waves
are expected.

Precipitation and humidity

By 2070 decreases in annual average rainfall totals of around 6861@V4) and around
11% (0 to 23%) are likely under lower and higher emissions scenarios respectively

Percentage decreases in seasonal average rainfall totals likely tatestgrspring (could
be almost double the percentage decreases in annual average rainfall).

Decreased rainfall and increased evaporation rates kety lto decrease average
streamflow.

By 2030 a decrease in annual average relative humidity of around 0.5%o (1.0%) is
likely. By 2070 decreases in annual average relative humidity of @@8f6 (0.1 to 1.7%)

and around 1.6% (0.2 to 3.2%) are likely under low and high emissions scenarios
respectively.

Intensity of heavy daily rainfall is likely to rise in most seasons.

Fewer days of rainfall are anticipated with more droughts.

Sea surface temperature and ocean currents

Around Australia a warming of 1-2 °C is projected by the 2030’s, with dreatest
warming off south-eastern Australia (2 °C).

By 2070, warming around Australia is projected to be in the range 2:8ittCthe greatest
warming off south-eastern Australia (3 °C). Warming is alsgyl below the surface with
~0.5-1.0 °C projected for 500 m depth.

By 2030 the East Australian Current is expected to increas&ength and penetrate
further south. By 2070 the strength of surface currents is @gnprojected to decline (0-
1.2 m §). Around the same time greater stratification is expecteis, @ shallowing of the
mixed layer (by ~1 m), which is likely to reduce nutrient inputs from deeprsvate



Sea level rise and storm surge

Arise in sea level in the range 0.3-0.5 m is projected for the Australian regi86. By
2070 the range is 0.6-0.74 m, with the greatest increase on theoaast However, the
upper bound could be much higher (see Solomon et al. 2007).

For Bass Strait, by 2030 the mid-range scenario has a s#aitevof 0.11 m (0.06 m for
the lower and 0.17 m for the higher emission scenarios). By 2070idheamge scenario
is 0.32 m (lower emission scenario 0.15; higher 0.49).

The area of Bass Coast currently inundated by average highimwg $ides is 2.35 ki
Under current climate conditions the area inundated by a 1 in 10@yesat is 3.97 ki
but under a higher emission scenario this area is projectec t 66 kr by 2030 and
7.23 knf by 2070.

Fire weather

More dangerous fire weather days are expected in autumn and, dpgether with a
lengthening of the fire seaso@.(Lucas, BoM, personal communicafion

10



1. SEA-LEVEL RISE-WESTERN PORT AND BASS STRAIT
Background

Sea-level rise, together with storm surges, will increase the risk of inomaaid erosion to low-
lying coastal areas on Phillip Island.

The frequency of inundation of low-lying coastal areas is expected to ia@sasdirect result of
sea-level rise and also as a result of storm surges and storm tidéGdweishet al. 2004,

Mclnneset al. 2008). Strong winds and falling air pressure can generate storm surges and severe
wave conditions on vulnerable coastlines, which in turn can produce severe erosion ahd coast
flooding (Mclnneset al. 2008). With no other changes to climate, rising sea levels will worsen the
impact of these events by increasing the base sea level from which tleéypd@hurclet al.

2004, Mclnnes in Pyper 2007).

The increased risk of inundation, erosion and storm surge and rising water tdiilaseva
greater impact on dynamic coastal land forms, such as dunes, river outletsrinesbifteents and
other erosion-prone coasts. These land forms are likely to become moré, ‘adtivencreased
net erosion and movement of fore-dunes inland under natural conditions (Ehalt@2004).
Coastal areas vary dramatically in their vulnerability to coaste videther arising from climate
change or coastal processes that operate even without climate chaingdatrtl rocky coasts
have low risk while low lying or softer landforms are more at risk.

Sea-level rise and storm surges will increase coastal erosion, the oiegteeh will be
dependent upon the local geomorphology. Soft substrates will be most affected, wipectaadx
50-100m of horizontal erosion for every one metre of sea-level rise (Bruun 1962). Rocky
shorelines will be subject to comparatively little erosion. Other factorsawitribute to the extent
of inundation and include the effects and changes to local currents and sand acaosbondee
to wind conditions or vegetation. Therefore there is some difficulty associategretise
modelling and predictions of impacts.

Rising sea level is likely to be a threat to bird species that nest on low-bastptareas as
breeding sites are flooded or eroded (Galbretithl. 2002). Little Penguin access to their breeding
sites is generally along tracks that have been used for decades, and probabbngerc Access
points are numerous but vary in quality around the Summerland Peninsula and the birds
congregate at more sheltered sites with less physical hazards and iggawloexts into the
hinterland. Sandy beaches are used wherever available and maybe prefereschesk arutlets,
particularly on sandy shore lines.

Changes in sea level are also likely to effect inshore productivity bedeuseitease in water
depth and consequent reduction in light availability to the sea bed will reduaewté gf
subtidal marine plants (Short & Neckles 1999). For example, it is estimatedbw@haincrease
in sea level could result in a 30-40% reduction in growthostera marinaa widespread
Northern Hemisphere seagrass (Short & Neckles 1999).

Change in sea-level and shoreline expected in the Western Port region

Coastal erosion along beaches, which provide access to Little Penguin ¢afolitedy to
increase with climate change, together with some inundation of low-lying bgeadias. Sea
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levels in Western Port are predicted to rise between 0.15 to 0.49 m by 2070 (see Table 1.1 from
Mclnneset al. 2008 — reproduced with permission).

Table 1.1. Projected mean sea level rise scenarios for Bass Strait (Glomebét al. 2008; and
derived from the IPCC Third Assessment Report (IPCC 2001) and Fourth AsseBeperit
(IPCC 2007)).

YEAR 2030 2070
SCENARIO LOW MID HIGH LOW | MID | HIGH
PREDICTED SEA| 0.06 | 0.11 0.17 0.15 | 0.32 0.49
LEVEL RISE (M)

In addition to mean sea level rise, extreme sea level heights along thefddasoria are

expected to increase at a greater rate than mean sea levels due tesnordesheights of storm

surges (Mcadarat al.2008). Mcadanet al (2008) also predicted that wind speeds could change
between -1% and 3%, tides could increase by up to 0.19 m in height and 1-in-100 year storm surge
could increase in frequency, to between 1-in-40 and 1-in-6 years by 2030.

Mclnneset al.(2008) examined the likely effects of climate change on extreme sésiletee
Western Port region and noted that storm surges are presently highest in tfi¢healsay, with
values reaching 1 m relative to mean sea level, and relatively low seadeual in the northwest
of the bay. The variations in sea levels across Western Port are the fresadt-driven
predominantly westerly events, which maintain a gradient on sea levels witigliestievels in
the east.

At present, in Western Port, Grantville in the east of the bay experienatagetglhigh storm

surges, with a 1 in 100 year level of 0.97m, compared with 0.70m at Tooradin in the northwest
(Mclnneset al.2008). On the Summerland Peninsula on Phillip Island (Figure 1.5, taken from
Mclnneset al 2008), areas subject to inundation under a current climate 1 in 100 year event are
shaded in yellow. The additional areas inundated by a 1 in 100 year event under the 2080 high a
2070 high climate change scenariossiraded in purple and red respectively.

The frequency of storm surges will increase at different rates under férelifclimate scenarios.

For example, Mclnnest al. (2008) have suggested that a 1 in 100 year event at Stony Point would
become a 1 in 20 to 30 year event under a mid-range scenario by 2030 and a 1 in 20 year event
under a worst case scenario. By 2070, such an event would occur approximately eeamg 10 y
under a mid-range scenario and every 4 years under a high-range scenariog®tcih2908).

12



Figure 1.4. Distribution of Little Penguin breeding areas on the Summerlaing&la (December 2002).
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Figure 1.5. Areas subject to inundation under a current climate 1 in 100 year eventledarslyallow. The additional areas inundated by a 1 in
100 year event under the 2030 high and 2070 high climate change scenai@glackin purple and red respectively (Reproduced with permission

from Mclnneset al. 2008).
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Figure 1.6. The geomorphology of the shoreline of the Summerland Peninsula ($aumc¥dtorian component of the Oil Spill Response Atlas
managed by DPI Queenscliff).
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Figure 1.7. Mean sea-level contours for the Summerland Peninsula. Orange =cearesta level, yellow = one metre rise (1 in a 100 year
event currently), red = two metre rise, blue = three metre rise.
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Figure 1.8. Mean sea-level contours for the Penguin Parade at the eastern endroftbda®d Peninsula. Orange = current mean sea level
(2009), yellow = one metre rise (1 in a 100 year event currently), red = ttve nse, blue = three metre rise.
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Potential effects of sea-level rise on penguins
Loss of breeding habitat through inundation and erosion

Figure 1.4 illustrates the distribution of breeding penguins on the Summerland
Peninsula and Figure 1.6 indicates where the sandy and rocky shorelines are.
Approximately 27% of penguin breeding areas on Summerland Peninsula have a
sandy shoreline and the remainder is rocky (Figure 1.6). The rocky shordline wi
show relatively little response to sea-level change in the short to medium te

(Figure 1.7) but the sandy shorelines could be affected up to 50m inland for every 1 m
sea-level rise (Figure 1.8), largely by increased instability thraugyeasing

frequency and intensity of storm surges and high seas.

In the long-term, some loss of breeding habitat will occur at Cowrie Beachatnd C

Bay on the northern side of the Peninsula and on Summerland Beach on the southern
coast (Figures 1.4 & 1.5). However the impact of this loss of habitat is unlikely to be
significant for penguin numbers over the next century since breeding habitat is
apparently not a limiting factor on Phillip Island (Dann & Norman 2006) and there is
plenty of suitable breeding habitat available further inland at all of titese s

There will be some implications for the nightly viewing of penguins on the western
side of the Penguin Parade, where the majority of the Parade penguins come ashore
This area is likely to experience increased instability in the vicinityeotthek

mouth, albeit reduced by the protection afforded from storm surges by Phelans Bluff
(Figures 1.4 & 1.8). In the longer term, infrastructural change will be required to
accommodate shoreline variation. Options for shifting Parade infraseuotather

sites are unavailable due to lack of suitable places on the Summerland Penithsula w
high numbers of penguins coming ashore and sandy beaches for optimal viewing.

Penguin access to breeding sites
Changes in beach profile

Marram gras&smmophila arenarias a perennial European grass that was
deliberately introduced to Phillip Island to stabilise coastal dunes. Itgy@ssind

dunes that are a significantly different shape to those produced by nativdivageta
Generally large steep-faced dunes are promoted by marram grass amtlittessare
more susceptible to wave erosion. In addition, the resulting steep banks on the
foredune are an impediment to penguins crossing from the beach into their breeding
areas on or behind the primary dune. Summerland Beach is the penguin breeding area
most affected by this problem on Phillip Island. At present it is actively mdrigge
constructing temporary penguin tracks up the face of the dune but this is a reactive
rather than pro-active approach and the problem isn’t always identified quickly.
Replacement of the marram grass on Summerland Beach with native spécies wi
improve penguin access now and in the future as well as build in some resilience to
increasing wave activity along the dune front in the centuries to come.

Summary of potential impacts on distribution and abundance on penguins

There will be some small loss (<< 1 %) of breeding habitat on the Summerland
Peninsula due to sea level rise in the next 100 years but it is considered that breeding
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habitat is unlikely to be limited on the Peninsula in this period. However, there is
likely to be some erosion in the vicinity of Whaleshead Creek and further east.
Accordingly, there are some implications for the viewing of penguins at theliReng
Parade. It is anticipated that there will be some loss of productivity of inslatees
in Bass Strait, which may ultimately result in reduced food availabditp&énguins.

Resilience building and recommendations for actions including ture research

Removal of Marram Grass on the beach profile of Summerland, Cowrie &
Shelly Beaches and Cat Bay (and replace with native species, e.g. 3pinifex
Incorporate the “Future Coasts” data into the Phillip Island Nature Pal&s’ G
system to allow better determination and visualisation of areas on the
Summerland Peninsula likely to be most affected by sea-level rise and storm
surge (see Appendix 1 for details of the “Future Coasts” project).
Complete the purchasing of all private property in the Summerland Estate to
allow the extension of penguin breeding areas further inland.
Encourage the penguins to colonise the eastern side of the current breeding
area at the Penguin Parade through active management (see Dann 1996)
particularly by:

1. eradicating foxes from Phillip Island

2. improving access for penguins on the east side of the Parade

3. optimising vegetation type and cover for breeding penguins
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2. DECREASED RAINFALL (AND HUMIDITY)

Background

Rainfall has relatively few direct effects on the survival or breeding ssafe

penguins. Eggs and chicks have been lost through infrequent (once every 20 years)
flooding of burrows on the lower section of Whaleshead Creek which runs through

the Penguin Parade from Swan Lake to the sea at a frequency of less than ance a ye
Occasionally, after severe downpours, small landslides occur on the steeper parts of
the Summerland Peninsula which have caused the deaths of a few adult penguins and
loss of eggs in the past. This has occurred only twice in the last 28 years, mainly on
the southern side of the Peninsula and has involved only a few deaths.

However, rainfall has a number of potential indirect effects including thoseffinett a
the quality of breeding habitat, particularly the microclimate of burrows;
fire risk;
the availability of food.

Quality of breeding habitat, particularly the microclimate of burrows

The two important variables of the microclimate of penguin burrows that may

influence breeding success and adult survival are temperature and humidity.
(Temperature effects on penguins will be dealt with in Section 3). Humidiibma
contributor to the hatching success of eggs, as they lose a considerable amount of
water during the 35 days of incubation (Stahel & Gales 1987) and the rate 1of wate

loss is likely to be a function of humidity (Yom-Tev al 1986). Burrow humidity

would be expected to vary with burrow type, depth and location, as well as the
surrounding and covering vegetation type, structure and cover, aspect and topography.

Fire risk

Decreasing rainfall and humidity, together with increasing droughtsiand a
temperature, suggest that there will be some increase in fire risk in therpengui
breeding habitat on the Summerland Peninsula. Fire has considerable negative
implications for penguins with impacts on the quality of nesting habitat, the survival
of adults and young and breeding success (Remstiak 2007).

Avalilability of food

Freshwater input can improve fertilization and local planktonic production and
therefore it is crucial for the survival of some fish larvae. In addition, therspguwf

some species appears to be influenced by estuarine conditions. Anc¢hayiaslis
australis,an estuarine species, are a significant dietary component for Phillip Island
penguins in general (Cullet al 1992, Chiaradiat al in review) and, in Port Phillip
Bay, comprise up to 78% of the diet of St Kilda penguins (Chiagddiain review).
Anchovies are schooling pelagic fish and are taken commerciallyaalbyel

throughout Port Phillip Bay. From 1973-84, the largest proportion of anchovies was
taken by commercial fishers during winter, especially from the westesreline and
where freshwater flows into the northern parts of the Bay (Hall & Maciddrg86).

Adult anchovies feed primarily on zooplankton, probably the larger zooplankton such
as copepods (Winstanley 1979, Lasal1983, Hall & MacDonald 1986). It is

thought that anchovies spawn in estuarine environments and the two main sources of
freshwater in Port Phillip Bay are the Yarra River and the WestertnmieaaPlant
(Harriset al.1996), which are likely to provide important spawning environments.
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Anchovy eggs have been collected in Port Phillip Bay from September to Mdlch wi
greater numbers occurring in December and January (Jenkins 1986). Of particular
interest here is the study showing that the timing of spawning in a Medéarra
anchovyEngraulis encrasiculugs influenced by freshwater inputs from the Ebro
river in Spain (Lloreet al. 2004). It is unknown but thought likely that freshwater
flows may be a factor in the timing and extent of spawning of anchovies in Port
Phillip Bay.

Change in rainfall and humidity in this region (Macadamet al. 2008)

By 2070 decreases in annual average rainfall totals of aroun@ 634.2%)
and around 11% (0 to 23%) are likely under low and high emissions
scenarios respectively.

Percentage decreases in seasonal average rainfall totalse wgreatest in
spring when they could be almost double the percentage decreasagsah a
average rainfall totals.

Decreased rainfall and increased evapo-transpiration will keakkdreased
average streamflow.

The frequency of droughts will increase.

By 2030 a decrease in annual average relative humidity of arouitd(0.5
to 1.0%) is likely.

By 2070 decreases in annual average relative humidity of around 0.8% (0.1
to 1.7%) and around 1.6% (0.2 to 3.2%) are likely under low and high
emissions scenarios respectively. Current monthly variation in relative
humidity for Phillip Island Penguin Reserve for 1985 to 2@0flven in

Figure 2.1.
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Figure 2.1. Monthly variation in humidity for 1985 to 20@& the Penguin Reserve
on Phillip Island (Source: Bureau of Meteorology, Melbourne).

Potential effects of decreasing rainfall and humidity on penguins

Direct effects on adult survival and breeding success

There is a relatively small and positive impact on penguin survival from dedreas
rainfall with potentially fewer nest flooding events and landslides. Hovibhieemay
be offset by an increased frequency of extreme events, resulting in floods and
landslides.

Indirect effects

Microclimate of burrows

As noted previously, humidity may be a contributor to the hatching success of eggs as
they lose a considerable amount of water during the 35 days of incubation (Stahel &
Gales 1987) and the rate of water loss is likely to be a function of humidity. Itis

likely that with decreasing rainfall, increased temperature and evigpoiatmidity

will decrease but it is unclear whether burrow humidity would decrease in concert
with air humidity and whether this would have implications for breeding success.

This requires further research (see recommendations).

Fire risk

Increase in fire frequency

With an increase in droughts, declines in rainfall and increases in air sgampeit
seems probable that there will be some increase in fire risk on the Summerland
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Peninsula. Wonthaggi meteorological data (from 1971 to present) indicates weak, but
significant, trend towards more dangerous fire weather days in autumn and spring
(Bureau of Meteorology 2009). Fire has considerable implications for penguins with
impacts on the quality of nesting habitat, the survival of adults and young and
breeding success (Renwiekal.2007).

Fire and breeding habitat

Fire reduces the quality of breeding habitat in the short-term through thactiestr

of vegetation and associated damage to burrow structure, collapse of burrows, erosion
of soils and reduction in insulation of surviving burrows. The extent of the impact of
fire varies with vegetation type and fire has a greater impact ingndssnd

scrubland and less in succulent herbfields. It was noticeable from a fir@alon Se

Island, east of Wilsons Promontory, that areas of succulent vegetation and the
penguins living in them were largely unaffected by the fire (Renetiek. 2007- see
Appendix 2).

Fire and adult survival

Fire in a seabird colony can be destructive of both nests and adults and the
synchronised breeding of many seabirds, when large numbers are present iy,a colon
makes them particularly vulnerable to fires when breeding. Experiencetieo8eal

Island fire indicated that adult Little Penguins do not actively avoidficchence

their responses to fire were surprisingly inappropriate and maladaptiveanin m

cases, dead penguins were found on Seal Island either in their burrows (often
collapsed) or within metres of burrows. Birds nesting under vegetation appeared to
remain until they were severely burnt or killed. Penguins were observed standing
beside flames preening singed feathers, rather than moving away. Moshbjense
suffered debilitating injuries including burns to their feet and legs, scorcatutkfe

and blistered skin, swollen eyes, and many had difficulty breathing (Reetatk

2007). On Phillip Island, misty rain or fog following long spells of hot dry and dusty
weather can result in the ignition of power-pole cross-arms, due to a build-up of salt
and dust on the insulators or the red-hot salt crust falls down and ignites vegetation at
the base of the pole. Corrosion of high voltage power lines can cause breakage and
then fire when they fall to the ground (Chambetral 2009). This has occurred on

four occasions on the Summerland Peninsula in the past 20 years.

Most of the current fire risk on the Summerland Peninsula could be removed with the
under-grounding of all power lines. The risk of damage to penguins and habitat could
be reduced further through strategic planting of fire retardant indigenous i@getat

Avalilability of food
Potential reduction/alteration of anchovy spawning patterns & anchovy survival in
estuaries.

Port Phillip Bay is an important feeding area for Phillip Island penguirea §mes

of the year, notably during winter and early spring as well as during the irmubati
period. Some ten years ago, a report showed that between 30 and 60% of Phillip
Island penguins (and probably all of the St Kilda penguins) spend time in Pag Phill
Bay in July (Collinset al. 1999) Recent satellite tracking studies over June, July and
August 2008 have confirmed that this is still the case with 58% of tracked birds going
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into Port Phillip Bay in July (Table 2.1, McCutcheon 2008, Detnal. unpublished
data).

JUNE JULY AUG TOTAL
Port Phillip Bay  2(14%) 11(58%) 1(5%) 14(26%)

South of Phillip Island 11 7 15 33
West Coast 1 - 4 5
Western Port - 1 - 1
TOTAL 14 19 20 53

Table 2.1. Foraging trip destinations for Little Penguins from Philliméskay month
over winter in 2008.

In Port Phillip Bay, the penguins from Phillip Island are mainly present, and probably
feeding, in the central eastern part of the Bay, in Corio Bay and off the Werribe
Treatment Plant (Fig.2.2, McCutcheon 2008, Dahal. unpublished data). The

latter is an important source of freshwater and nutrients for the Bay upon ich t
abundance of prey may depend.

Figure 2.2. All of the locations of penguins tracked from Phillip Island between June
and August 2008.
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Collinset al. (1999) also recorded penguins from Phillip Island going into Port Phillip
Bay between incubation shifts suggesting that it is important as a feedatpar

Phillip Island birds through winter and into spring. This period also coincides with
the one of the two periods of significant adult mortality in some years (Etaain

1992) suggesting that food is not always readily available at this time. The
importance of Port Phillip Bay to penguins at crucial periods in their annual cycle
appears associated with the availability of anchovies which in turn may tesirela
freshwater inputs into the Bay.

The stream flow from the Western Treatment Plant is likely to reduceaticafty as
recycling programs become established in the short-term and a predimteasdeof

up to 50% in river flows into the Bay suggests that if the timing or production of
spawning of anchovies in the Bay are related to freshwater inputs, then the
distribution and abundance of Little Penguins in the Bay may be affected simitarl

is important that any links between penguin survival (abundance), anchovy spawning
and availability and freshwater flows are made. In the short-termnierfean be
assumed but, in this context, the links between freshwater flows and the survival,
timing of spawning and productivity are paramount.

Summary of potential impacts on distribution and abundance of penguins

It is predicted that there will be little appreciable direct impact ofedesed rainfall

and humidity on adult Little Penguins over the next century. However it seems likely
that fire risk will increase and needs to be managed to ensure penguin survival is
unaffected. In addition, if the availability of anchovies is reduced by decteas
rainfall, then adult survival (and possibly breeding productivity) may be reduced.

Resilience building and recommendations for actions including ture research
Increase appropriate ground vegetation cover in penguin breeding habitat to
reduce evaporation of soil moisture during periods of decreased rainfall and to
reduce erosion after high rainfall events

Investigate the rolef burrow temperature and humidity in determining the
breeding success of penguins, particularly hatching success and chick growth

Honours project on relationship between burrow location and structure on nest
temperature and humidity- commence June 2009. Project brief in Appendix 3.

Reduce fire risk on Summerland Peninsula through:

1. planting fire resistant local vegetation, particularly succulent species
where appropriate,

2. give high priority to fire response planning and training,
3. ensure all power supply on Summerland Peninsula is underground.

Establish if relationships exist between stream inflows (and temperatiae)
Port Phillip Bay and anchovy spawning and production
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3. AMBIENT TEMPERATURE RISE ON PHILLIP ISLAND

Background

Rising temperatures on Phillip Island have a number of potential effects on penguins

including
- Increased hyperthermia for birds in burrows and, ultimately, increased

mortality of those birds

Reduced breeding success through desertion of burrows that are too hot for

adults or through potential direct effects of temperature (and humidity) on the

hatching and fledging successes of penguins

Increasing hyperthermia and, ultimately, adult mortality

Both of these may result from the direct effect of increased extrenpetatures but

also from the indirect effect through loss of covering vegetation. Little Rexgui
unlike many other seabirds, cannot withstand prolonged exposure to air temperatures
above 35 °C (Stahel & Gales 1987). Since birds do not sweat, they generally keep
their body temperature constant by panting. Penguins hyperventilatethraihgrant.
This pattern of large breaths, compared to the normal avian panting pattern of rapid
shallow breaths, is energetically expensive, and the resultant level of éwegpora
cooling cannot keep body temperature from rising (Stahel & Gales 1987). Oxygen
consumption in Little Penguins increases at ambient temperatures above 26-27 °C
(Baudinetteet al. 1986). Presumably this is associated with the increased need for
evaporative cooling supplied by higher rates of ventilation. Birds experiencing
hyperthermic conditions may increase their body temperatures by as nmtdh*&s
(Calder & King 1974). Stahel & Gales (1987) suggested that when burrow
temperatures increase beyond 35 °C, Little Penguins have a tolerance of only a few
hours before body temperatures become dangerously high.

Hyperventilation may cause oxygen depletion in penguin burrows and, if the burrow
is poorly ventilated, could increase the risk of hypoxic conditions developing in the
burrow.

Hyperventilation also decreases the levels of carbon dioxide in the blood and this,
with continued production, increases the body’s pH. Hence, heat exposed penguins,
in addition to problems with regulation internal temperature, also face disruption of
the body’s acid-base status (Stahel & Gales 1987).

In an analysis of 416 recorded causes of mortality of adult penguins on land at Phillip
Island, 7 (1.7%) were considered due to heat stress (Dann 1992). Mortality on land is
thought to be less than 10% of annual mortality (Dann 1992) suggesting that heat
stress may account for 0.17% of total annual adult mortality.

Heat exposure is unlikely to be significant for penguins at sea and their cashorg a

at dusk and leaving before dawn allows them to avoid daytime temperatures on land.
However during incubation, guard stage of chick-rearing and moult, adults must
remain in burrows during the day. The microclimate of the burrow determines their
exposure to high temperatures and this, in turn, is a reflection of the structure of the
burrow and the insulation qualities of the surrounding vegetation
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Reducing breeding success

The two important variables of the microclimate of penguin burrows that may
influence breeding success are temperature and humidity. (Potential effebts

on penguin breeding success are covered in Section 2). High temperatures may
influence breeding success (Stahel & Gales 1987) but there have been no definitive
studies of how it may operate on penguin eggs or chicks. Little Penguins ressdily
artificial boxes for breeding (Jessop & Dann, in prep.) which provides opportunities to
measure the microclimate of burrows accurately (Ropert-Coeatatt2004) as well

as to design burrows with improved microclimates than may enhance survival and
breeding success. Burrow temperature would be expected to vary with burrpw type
depth and location as well as the surrounding and covering vegetation type, structure
and cover (Ropert-Coudeat al 2004).

Change in ambient temperatures expected in this region (Macadaet al. 2008)

By 2030 an increase in annual average temperatures of around 0.8°C (with a
range of uncertainty of 0.5 to 1.1°C) is likely.

By 2070 increases in annual average temperatures of around 1.3°® (0.9
1.8°C) and around 2.5°C (1.7 to 3.5°C) are likely under low and high
emissions scenarios respectively.

Average temperatures will increase in all seasons, most isartll in
summer and least in winter.

The number of days > 35 °C is expected to double by 2030 and triple by 2070.

Potential effects of ambient temperature rise on penguins

Adult survival

Currently 0.17% of estimated annual mortality of adult Little Penguins ong@hill
Island can be attributed to heat stress and, based on a tripling of daystgesater
35°C, heat stress could triple by 2070. However, this is a conservative extrapolation
based on a linear relationship between temperature and physiological effects on
penguins. If the relationship is curvilinear then increasing temperatutdsawa a

much greater impact on penguin survival. Penguins are susceptible to heat stress
while they are confined to burrows during daylight hours for incubation or chick
brooding or on-land during the annual moult. At other times of the year, they do not
need to stay ashore for extended periods.

In addition, a potentially significant cost associated with rising teryresais the
likelihood that the maintenance cost of penguins will increase. The daily energy
budgets of penguins will increase in tandem with increasing temperauare27°C
as they expend energy to maintain core temperatures.

Fire risk may increase with increasing temperature and so too may adallityartd
breeding failure (covered in Section 2).

Breeding success

Microclimate of burrows

Temperature has been identified as one of two important variables of thelimiatec
of penguin burrows that may influence breeding success and adult survivadr{Sect
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2). Temperature may be a contributor to the hatching success of eggs, eitiigr dire

or through impacts on desertion rates, and the growth rates of chicks. Burrow
temperature would be expected to vary with burrow type, depth and location as well

as the surrounding and covering vegetation type, structure and cover. Internal
temperatures of penguin nest boxes may be manipulated through insulation (Jessop &
Dann, in prep.) and ventilation (Ropert-Coudsral 2004). Location is likely to be
particularly important on the Summerland Peninsula where up to a 12 °C difference
has been recorded between the northern and southern facing sides (Dann unpublished
obs.). Both these aspects require further research (see recommendations).

Summary of potential impacts on distribution and abundance on penguins
Increasing temperatures in burrows during daylight are likely to incezshgeand

chick mortality and, based on a tripling of days greater than 35 °C and assuming a
conservative linear function, will constitute c. 0.51% of annual adult mortality by
2070. Increasing burrow temperatures may also have a role in determiningdpreedin
success and this warrants investigation as does the scope for mitigation of burrow
microclimates through vegetation management and artificial burrowmdesig

Resilience building and recommendations for actions including ture research

Increase appropriate ground vegetation cover in penguin breeding habitat to
reduce internal temperatures of burrows on hot days

Investigate the rolef burrow temperature in determining the breeding success
of penguins, particularly hatching succassl design an artificial burrow with
optimal microclimate (temperature & humidity) - see Section 2. A prigect
examine breeding success in relation to temperature in artificial buisows
currently in train (Chiaradiat al. personal communication) and a project brief
for a study to look at temperature and humidity in natural burrows is given in
Appendix 3.

Compare breeding success and ambient temperatures of Little Penguins on
northern (warmer) & southern (cooler) sides of the Summerland Peninsula
between 1984 and 2008.
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4. SEA TEMPERATURES IN BASS STRAIT AND OCEAN CURRENTS
(INCLUDING THERMOCLINES AND ENSO EVENTS)

Background

Ocean temperatures may influence the timing and success of breedadpiods

(Ainley & Boekelheide 1990, Guinet al. 1998, Inchaustt al 2003, Ironset al

2008, Culleret al 2009). Chambers (2004) noted that the effects of warmer SSTs on
seabirds varied between Equatorial regions and regions of higher latitude such as
southern Australia.

Penguin breeding may be affected by changes in marine productivity éesseaid
SSTs and driven by oceanographic processes (Middleton & Cirano 3a@23urface
temperatures around south-eastern Australia are influenced by water®fir

regions (Gibbs 1992). Bass Strait water around Phillip Island originatesyrirostl

the west, flowing east across South Australia as low nutrient subtropicalfieate

the Great Australian Bight. From the north, the East Australian Current (E\V®) f
south bringing eddies of warm nutrient-poor tropical water of the Pacific Ocean.
There is mixed subtropical Central Tasman water in the east. In the south ang in dee
water beyond the continental shelf, the cold nutrient-rich subantarctic waieatesy
from below the Subtropical Convergence Zone and the eastward flowing Antarcti
Circumpolar Current in higher latitudes. The interaction of these four watsesia
which is influenced by the seasonal wind patterns, determines the nature afitee m
environment of the Little Penguins and the productivity of marine ecosystems in
south-eastern Australia.

Oceanic warming in south-eastern Australia is likely to cause polewdislighi

species ranges and a shift in abundance toward species tolerant of warnsger water
(Poloczanskat al. 2007). For example, Tasmanian fish distributions have been
reported shifting south together with an increase in the proportion of species that
prefer warmer waters (Welsford & Lyle 2003). Correspondingly, in the northern
hemisphere, fish distributions in the north Atlantic Ocean appear to be shifting
northwards (Bearet al. 2004, Byrkjedakt al. 2004, Perryet al. 2005, Rose 2005a,
2005b). Fortescue (1998), in a study of Little Penguins from Bowen Island, reported
an increase in the abundance of various fish species during periods of warmer water
temperatures in Jervis Bay, New South Wales. Bunce (2000) stated that pilchards
Sardinops sagamove into Port Phillip Bay during warm water periods.

Phillip Island Little Penguins rarely travel outside Bass Strait ((@&x@t al. 1999,
Hoskinset al 2008) and therefore are dependent upon the waters of the Strait for all
their food requirements.

Sea temperatures in Bass Strait are likely to have a profound direct iefloreice
productivity of the Bass Strait pelagic ecosystem and accordinglgflaarice on the
demography of penguins, particularly on:

Timing and success of breeding in penguins

Survival of adult and juvenile (first—year) penguins
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Change in sea-surface temperatures, stratification and ocean currenéxpected
in this region (Poloczanskat al.2007).

Around Australia a warming of 1-2 °C is projected by the 2030s, with the
greatest warming off south-eastern Australia (2 °C).

By 2070, warming around Australia is projected to be in the range 2-3 °C
with the greatest warming off south-eastern Australia (3 °Elowever,
mitigating circumstances suggest that these values will ngdoded in Bass
Strait in the projected time periods.

Warming is also likely below the surface with ~0.5-1.0 °C projeftie800 m
depth. N. B. Bass Strait is 100m at its deepest. Predictien®raeastern
Bass Strait to warm more than western Bass Strait.

By 2030 the East Australian Current, a warm current, is expectedrease
in strength and penetrate further south. By 2070 the strengthriaices
currents is generally projected to decline (0-1.2%n s

By 2030 greater stratification is expected, as is a shallowing of the naixed |
(by ~1 m), which is likely to reduce nutrient inputs from deep waters.

The CSIRO climate model projects the greatest warmingaftheast Australia and
this is the area of greatest warming this century in theeeButhern Hemisphere.
This Tasman Sea warming is associated with systematiogebaim the surface
currents on the east coast of Australia; including a stremigiheof the EAC and

increased southward flow as far south as Tasmania (Figure 4.1).
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Figure 4.1. Projected SST and wind vector changes by 2070 compared to 1990 (from

Poloczanskat al.2007).
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Based on the data of Cullehal. (2009) decadal averages of SSTs for the Bass Strait
region 35°S to 45°S and 138°E to 152°E are shown in Table 4.1. There has been a
slight, but mainly statistically insignificant, warming in Bass Swagrall in the past

58 years but, until recently, the mean SSTs for March (Figure 4.2) which have the
greatest impact on penguins, showed a slight decline. The incomplete decadal
average for 2000-2010 suggests a slight warming in recent times (Table 4.1).

Decade Summer Autumn March
1950-1959 16.60 16.17 17.23
1960-1969 16.95 16.56 17.68
1970-1979 17.12 16.80 17.90
1980-1989 17.12 16.82 17.79
1990-1999 16.87 16.53 17.67
2000-2008 17.14 16.83 17.94
Trends 0.006 °Clyear 0.009 °Cl/year 0.009 °Cl/year
(p=0.071) (p=0.135) (p=0.031)

Table 4.1. Decadal averages for summer, autumn and March SSTs in BaserStrait f
the region 35°S to 45°S and 138°E to 152°E. Also given are linear trends for each
season.

Potential effects of ocean temperature rise in Bass Strait and changesocean
currents on Phillip Island penguins

Sea-surface temperatures -timing and success of bree(iggen from Cullen,
Chambers, Coutin & Dann 2009)

Sea surface temperature (SST) variation has been shown to be associated with the
timing and success of breeding of Little Penguins on Phillip Island (Cetllah

2009). Egg-laying date, chick mass and the number of chicks fledged per pair were
correlated with SST in the first three months of the year prior to breedislgtly
different ways (Culleret al. 2009). SST provided more accurate predictions of mean
laying date (53% variance) than of chicks produced per pair (22%) or mean chick
mass at fledging (16%). This model predicted an early egg-laying date, higitage
chick mass at fledging and a higher number of chicks produced per breeding pair
when SSTs in Bass Strait are warmer than average in March. The models gresente
by Cullenet al (2009) predict that an increase in SSTs is likely to lead to a reversal of
the trend towards later breeding and suggest improved growth of the colony of Little
Penguins on Phillip Island, at least in the immediate future. Although this is
surprising, given that increasing SSTs in Bass Strait may enhance freedin
productivity, the model would not be expected to hold once Bass Strait SSTs exceed
those experienced in the development of the model, i.e. during the last 35 years.
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Figure 4.2Temporal trend in annual timing of mean laying date of Little Penguins on
Phillip Island (with associated standard errors). Also shown are the March SST
values for the SSTs in the Bass Strait region 35°S to 45°S and 138°E to 152°E (from
Cullenet al. 2009).

Month Mean Laying Date Chicks per Pair Chick Mass
January -0.307 0.184 0.166
February -0.498* 0.278 0.229
March -0.736* 0.491* 0.433*
April -0.495* 0.409* 0.342
May -0.422* 0.348 0.279
June -0.200 0.245 0.138
July -0.082 0.210 0.083
August 0.068 0.317 -0.016
September 0.134 0.040 -0.106
October - -0.055 -0.059

Table 4.2. Correlation coefficients between the Little Penguin breedindplesria

(Mean laying date, chicks per pair and chick mass) and regionally avenagéialy

SSTs, 1968 to 1998. Months beyond September were not considered for mean laying
date as, in some years, the breeding season has already commenced. tidderrela
significant at the 5% level (from Cullezt al. 2009).

As a rough guide to the potential effect of a 2 °C and 3 °C rise on the timing of

breeding of Little Penguins, we have used the observed March SST values from
Cullenet al. (2009) over the full period (1968-2008) and added either 2 or 3 °C to
these values and used the regression equation from @ukér{2009) to give an idea
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of the potential range of mean laying dates expected if this equation were tmeonti
to hold (Table 3).

Mean Date SE Mean
2°C rise 8.5503 0.0757

3°Crise 7.7790 0.0757

Table 4.3. Potential mean laying dates of Little Penguins at Phillip Island unde
scenarios of a2 °C and 3 °C rise in SST in Bass Strait in March.

Under this model the laying dates would be expected to become much earlier than
they are currently, e.g. mean laying date under a 2 °C rise in SST would-be mid
August.

A word of caution is required with this analysis as there are many assumptions tha
may be violated in these two predictions. This model is not designed to go beyond
the historical SST values and it is dangerous to extrapolate any regressiotomode
far into the 'future’. For example, as SSTs rise there may be a (cuekrigwn)

point at which the relationships between SSTs, Little Penguins and the prey on which
they depend breaks down or changes, thereby invalidating the model. Large-scale
changes in relationships have already been observed between the Southetio@scilla
Index and rainfall and temperature in Australia (Nichetlal. 1996). It is also

unlikely that the same level of variability in the SSTs would continue under the
projected temperature rises. An overall rise of 2 or 3 °C is unlikely to be consistent
over all months, with some months experiencing a greater or less warming — this is
not reflected in this analysis.

Sea-surface temperatures- juvenile (first year) survival

Sidhu (2007) examined the relationship between juvenile (first-year) survivdtlef L
Penguins breeding on Phillip Island and sea-surface temperatures in souti-easter
Australia. She found that the strongest relationship was between first-yaaalsur

and the mean SST in the summer of the previous year. There was also a significant
association with the autumn mean SST for that year (Sidhu 2007). The significant
regression coefficients were both positive suggesting that increased surVirstl of
year birds is associated with warmer sea surface temperatures in bothr sumime
autumn.

It is not surprising that there is a relationship between juvenile survival and
environmental conditions in autumn. Most chicks are banded slightly before fledging
in December—February (Reilly & Cullen 1984) and by the beginning of autumn;
almost all of the newly-fledged birds from the previous breeding season will have
gone to sea. Autumn is the peak mortality period for these young birds that are
inexperienced in finding food (Daret al. 1992), and SSTs are very likely to have an
influence on the availability of food at this critical time.

Sea-surface temperatures - adult survival

Sidhu (2007) also examined the relationship between adult survival of Little Penguins
breeding on Phillip Island and sea-surface temperatures in south-easteatishus

She found that the strongest relationships were for the current autumn and winter, and
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to a lesser extent, the current summer, i.e. the adult survival probability in the 2000
calendar year was best explained by the mean SSTs in the autumn and winter of 2000,
and to a lesser extent, the summer (Jan-Feb) of 2000. The relationships were
negative, suggesting that cooler SSTs in autumn and winter are associated wit
increased adult survival, which is the reverse of the relationship between SST and
first-year survival. Danet al.(1992) reported that adult mortality peaks in autumn
after moult, and again in early spring. During the moult in February or March, adults
fast for 15—-20 days, and then go back to sea to feed (Reilly and Cullen, 1983),
suggesting that food supply before and after moulting plays a pivotal role in adult
survival. Hoskingt al.(2008) found that the foraging of adult Little Penguins was
strongly correlated with a relatively narrow range of SST during cleiaking,

perhaps reflecting the distribution of prey species.

Potential effects of increased stratification of water@umn on penguins

Increased stratification may influence penguins directly through gseseperating
on their foraging efficiencies and indirectly through processes operatimgnoary
and secondary productivity.

Stratification may have a direct impact on how successfully penguins fegertR
Coudertet al. (2009) found an association between stratification and foraging and
breeding success of Little Penguins over a two-year period. A reduction in the
thermocline was associated with a decrease in foraging and breedingssoitce
penguins.

Mixing depth and mixing intensity in the surface ocean and the associated
stratification are key factors for the production of phytoplankton and of higher trophic
levels because they fundamentally affect the supply of nutrients and light
(Poloczanskat al.2007). With predictions of an increase in stratification and a
reduction in the depth of the mixed layer around most of continental Australia
Poloczanskat al.2007), comes a likely reduction in productivity of pelagic
ecosystems. Most Australian waters are therefore likely to becomelemmaaperate
in nutrients with repercussions for production and biomass of most pelagic (and
benthic) food webs (Poloczansiial. 2007). Cyanobacteria, flagellates and
dinoflagellates (including nuisance and harmful algal bloom species) ardezkpzc
increase in abundance where vertical mixing decreases and the ‘microbiahkpp’
be favoured over the relatively more productive ‘classic’ food web in affeated.ar
In Tasmanian waters, zonal westerly winds stimulate deeper and/or strortigai ve
mixing and affect the timing and duration of phytoplankton blooms (Hetras
1988).

Summary of potential impacts of oceanic changes on distribution and abundee

on penguins

Increasing sea-surface temperatures in Bass Strait may reaalearlier start to the
breeding season, increases in breeding success and increases inrfsstveal.
Decreases have been predicted in adult survival, but more work is required to confirm
the direction of this relationship. More productive breeding seasons and higher first-
year survival should improve recruitment into the breeding population. Increased
stratification of the water column may reduce productivity and, correspondingly, food
availability for penguins but, conversely, increase foraging effigiefd.ittle

Penguins.
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Resilience building and recommendations for actions including ture research

Continue Phillip Island Nature Park’s commitment to long-term studies of
breeding, demography and foraging of Little Penguins. Long-term dataset
are the key to documenting and understanding the response of species to
climate change and the Little Penguin study at Phillip Island is one of the
longest running studies of a marine species in Australia

Model the impact of shortening or lengthening the breeding season has on
productivity of penguins

Investigate if the timing of breeding of penguins at Phillip Island has
continued to track the autumn SSTs in Bass Strait following the apparent
change in trend since 2000

Review the linkages between SSTs in autumn and the timing and success of
breeding in penguins, giving priority to those involving prey species

Determine the relationship between sea-surface temperatures and adult
survival with more confidence

Determine if there are any competitive interactions between igshand
Phillip Island penguins. Building resilience to reductions in food availability
for penguins could include reducing competition from fisheries

Investigate the role of climate on fish recruitment (spawning and survival) in
Bass Strait
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5. WIND, SOUTHERN OSCILLATION INDEX AND OCEAN
ACIDIFICATION

Background

There are a number of environmental parameters, not covered in the previmuns sec

of this report, associated with the marine environment that have been identified by
Poloczanskat al. (2007) as having implications for the abundance and distribution of
marine animals. Wind patterns, the southern oscillation index and ocean acidification
are three of these that we believe will have some relevance to LittlaeiRgog

Phillip Island in the future.

Wind patterns

Wind direction and velocity play an important role in the transport of cooler water
masses into central Bass Strait and a major role in the vertical noiixing water
column (see Section 4 on stratification). Apart from the likely impact thesegses
have on fish spawning patterns and survival, they may also influence the foraging
success of penguins directly.

Southern Oscillation Index

The Southern Oscillation Index (SOI) measures the air pressure différemesen

Tahiti and Darwin (Allaret al. 1996) and associations with a number of aspects of
seabird population demography have been reported (La Cock 1986, Jenetuatrier
2005). El Nifio episodes are characterised by sustained negative SOI values, and ar
associated with weaker Pacific Trade winds, generally reduced raméabtern and
northern Australia, and a cooler SST in Australian waters. Sustained highiygos
SOls are indicative of a La Nifia episode, which is associated with sti@agéic

Trade winds, an increase in rainfall in eastern and northern Australia, ardhamw

SST.

Ocean acidification

Changes to the atmospheric concentration of & hence carbonate ions in the
water column represents a serious threat to calcifying organisms (BtaaleB005).

pH is an important determinant of the growth rate of phytoplankton species and the
direct effect of ocean acidification on calcifying zooplankton will be to iseraaell
maintenance costs and reduce growth. How these changes will affemtypaina
secondary production in pelagic food chains is difficult to predict at our curreht leve
of knowledge of these processes and the functioning of pelagic food webs.

The physiology of fish and squid may be influenced by increasing&¥@ls in the

oceans because it influences tissue acid-base regulation and thus metabolism
Poloczanskat al. 2007). Squid are acutely sensitive to even small changes in ambient
CO, (Portneret al. 2004). Pelagic fish generally have lower metabolic rates and some
venous oxygen reserve so are only moderately sensitive to changes in ambient CO
(Poloczanskat al.2007).

Changes in wind, SOI & pH expected in this region

Climate models consistently project a poleward shift in the z2omads that
normally cross the southern part of Australia (Jones & Widmann 2004).
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The Southern Oscillation Index has decreased in recent yearshand
relationship between SOI and rainfall has weakened in Austrédler, the
mid-1970s (Nichollst al. 1996, Suppiah 2004).

pH of world’s oceans is expected to increase (Rateh 2005).

Potential effects on penguins

Decreasing wind strength

Wind may play direct and indirect roles in determining the survival and breeding
success of penguins. It is not known if wind affects the foraging success afrseng
directly, and therefore has some implications for their survival and breediregsucc
but this needs to be determined if we are to understand the impacts of wind on
penguins in the future.

Wind is one of the significant determinants of currents and vertical mixing in the
water column and the projected weakening of winds in southern Australia mag reduc
fish recruitment (Poloczanslet al.2007). Strong relationships between wind

strength and recruitment exist for blue grenaacruronus novaezelandiae outer
continental shelf waters (Thresletial. 1992) and, in southeastern Australia, Hagtis

al. (1992) found evidence that reduced production of the jack madkaiurus
declivisoff Tasmania resulted from decreased wind stress and subsequent decreases
in large zooplankton. Therefore there is a potential role for wind strength in the
recruitment of prey species taken by penguins.

The influence of wind on vertical mixing is also relevant to stratificatioh@fater
column and its effects on penguins (see Section 4 for discussion).

Decreasing Southern Oscillation Index

Sidhu (2007) found relationships between first-year and adult survival and the SOI.
Higher first-year survival probability was associated with lower S@iereas the
opposite was the case for adult survival. Factors which affect adult survival have a
greater impact on population size than do those related to first-year survival (Dann
1992).

Highly negative SOls indicate the presence of El Nifio conditions, which are lijenera
associated with lower SSTs in the Australian region. Sidhu (2007) noted that this
result appears to contradict those obtained for local-scale sea surfaceaterepemnd
highlights the complexity of the effect of climatic conditions on the survivhitté
Penguins. Highly positive SOls indicate the presence of La Nifia conditions, which
are generally associated with warmer SSTs in the Australiaonreg@orrespondingly,
Fortescue (1998) reported that positive phases of the SOl were associated with
increased adult survival from one season to the next. It is also possible that the SOI
and survival are related by thresholds rather than continuously. For example,
extremely high or low SOls (La Nifia or El Nifio conditions) may affect pengui
survival, whereas moderate SOIs may have no effect (Sidhu 2007).

Increasing acidification
Potential effects of acidification of oceanic water on penguins are biédig
twofold:

37



Firstly, through negative effects operating on primary and secondary pratyuetid,
ultimately, on the availability of food for penguins.

Secondly, through potentially negative effects on squid. Goulds Sipaddiarus
gouldii is an important food of penguins in Bass Strait.

Summary of potential impacts on distribution and abundance on penguins
Decreasing winds in the region are likely to reduce the recruitment of fish popsila
and hence the availability of food for penguins, with potential impacts on their
survival and breeding success. It is unknown if wind direction and velocity directly
affect penguin foraging success. Decreasing SOl may reduce adult samdva
increase juvenile survival but the mechanisms are unknown for either. Increasing
acidification may reduce food availability for penguins.

Resilience building and recommendations for actions including ture research

Develop a trophic model of the Bass Strait ecosystem to allow assessment of
sensitivities to oceanic variables for higher predators and potential
interactions.

Determine the effects of wind on the foraging success of Little Penguins
Analyse the relationships between SOI and survival of adult and first-year
penguins

CONCLUSIONS

Overall there are a number of aspects of the biology of penguins that aredikel
affected, both positively and negatively, by predicted climate change over the next
100 years (see Table below). Breeding productivity and juvenile survivallgedyn

to improve with increasing sea temperatures. Marine productivity and adult $urviva
perhaps, seem likely to decline while the feeding behaviour of penguins wiblyossi
experience both negative and positive impacts as a consequence of climate change.
Some of the negatively impacts can be addressed on small scales in theshort-te
particularly those resulting from expected changes to the terrestvimbnment.

A number of areas requiring further research have been identified including the
effects of ambient and burrow temperatures on breeding success and adult survival,
the effects of sea temperatures on adult survival and productivity and the efffects
rainfall on food availability. Continual review will be essential as the piiedeand
implications for climate change develop further.

Predicted climate change effect Potential impacts on Little Pengui
Sea-level rise-Western Port and Bass - Insignificant loss of breeding
Strait habitat in next 100 years

Patterns of access to colonies
disrupted on sandy shores
Potential loss of inshore marine
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productivity in the long-term

Decreased rainfall (and humidity) - Fire risk will increase and adult
mortality and some habitat loss
will increase accordingly
Reduction in stream flows may
effect anchovy spawning and

productivity
Ambient temperature rise on Phillip - Slight increase in adult mortality
Island - Potential change in breeding success

Increasing sea temperatures in Bass Strait - highly likely to result in earlier and
and ocean currents (including more productive breeding seasons |in

thermoclines and ENSO events) the short and medium terms
- likely to result in greater survival of

penguins in their first year

possibly cause increase in adult
mortality but more work required
increased stratification may reduce
marine productivity but increase
penguin feeding efficiency

Wind, southern oscillation index and - decreasing winds likely to reduce
ocean acidification fish recruitment and food availability
for penguins

decreasing SOI may reduce adult
survival but increase juvenile
survival

increasing ocean acidification may
reduce food availability
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APPENDIX 3

PROPOSAL FOR HONOURS STUDENT PROJECT: EFFECT OF BURROW
TEMPERATURE AND HUMIDITY ON BREEDING SUCCESS -
IMPLICATIONS OF CLIMATE CHANGE

Aims:
Measure variation in nest temperature and humidity during breeding period
Determine relationships between temperature & humidity with locatiorn(asrt
south sides of the Summerland Peninsula), habitat, substrate and breeding success
Determine if any long-term trends in temperatures and breeding suétessa(
data set)
Implications for climate change
Design optimal nesting box for penguins (insulation & ventilation)

Background

Both burrow temperature and humidity effect hatching success in birds and many
environmental and individual variables influence the microclimate of penguin
burrows, such as vegetation type and cover, substrate type, aspect, burrow type, as
well as synchronisation of parental behaviour and parental experience. Iviatec

may also have an effect on chick growth and survival. Heat stress occhicki ¢

and adults in particularly hot weather and adults must expend energy to
thermoregulate in ambient temperatures over 27 degrees. The PINP havies4if yea
data on breeding success and the opportunity exists to examine long-term
relationships with air temperatures and relative humidity over this periogkndht
temperatures of penguin nest boxes may be manipulated through insulation (Jessop
and Dann, in prep.) and ventilation (Ropert-Coudedl 2004). A practical outcome

of this project will be the production of specifications for an artificial penguin burrow
with an optimal microclimate.

Methods

Measure the temperatures and humidity in 20 natural burrows (10-Poa
grassland, 10 — Succulent herbfield) in each of two areas (northern and southern sites
for whole period of breeding

Measure ambient temperature and humidity at both sites

Measure hatching and fledging success in all burrows

Air temperature and relative humidity from Rhyll MeteorologicatiSia

Personnel
Dr Peter Dann- Research Department, Phillip Island Nature Park
Dr John Arnould- Deakin University

45



Ashton Marsh, Honours student — Deakin University

Outputs

Honours thesis

Design for optimal penguin burrow

Paper in peer-reviewed journal

Presentation at International Penguin Conference in 2010 in Boston
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APPENDIX 4

MEDIA & EDUCATION ASSOCIATED WITH THE PROJECT

NBC Today Show (USA audience 9 million) - potential impacts of climate change on
Little Penguins

Central Coastal Board (Victoria) — talk on climate change implicationsithte
Penguins

ABC Drive Melbourne & Sydney — general discussion about current and future
prospects for Little Penguins including climate change

Southern Cross TV network- studio interview and general discussion on potential
effects of climate change on penguins and marine ecosystems

Information talks to Penguin Foundation, Phillip Island Nature Park staff including
Parade rangers, environment department and education team.
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