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Fig 1.1.  a) Dora (left) and Dave (right) showing their white belly and chin. b) Dora (left) and Dave 

(right) showing their blue-grey and blue-black head respectively. Photos by Ritika Ganesh 

(2021).  
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The annual cycle of these birds consists of a series of critical and distinct life events. It can be closely 

linked to food availability, habitat, and reproductive needs (Gales and Green, 1990), which are also 

subjected to human disturbances, climate conditions, and even ocean temperatures, which can affect 

prey availability (Agnew et al., 2015; Berlincourt and Arnould, 2015).  Little penguins in New 

Zealand spend prolonged periods at sea foraging during April through to May to help prepare for the 

breeding season (Forest & Bird, 2018).  Penguins usually come ashore from June to begin their annual 

cycle. Egg laying usually occurs in the months from July to October and their incubation spells 

average 36 days  (Kemp and Dann, 2001b). Once the chicks start to hatch, they enter into the guard 

stage of their cycle which is from September to December the parents make back-and-forth trips to 

the sea to bring back food and care for their chicks until they are fully grown at eight weeks. The 

parents then return to sea after the chicks are independent to start rebuilding their reserves for their 

moult. The moulting process takes around 2-3 weeks and usually starts for the little penguins between 

December and March. During this time, they are vulnerable to predators and must undergo a fasting 

period since they are unable to swim. Then, from April, the cycle repeats (Fig 1.2).  
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approaching their time to fledge the parents spent longer foraging (Buller, 1882; Collins et al., 1999).  

This may be due to the increased energy demands associated with chick rearing (Buller, 1882).  The 

birds body condition is very important during the breeding season, as it can affect egg laying 

(Robinson et al., 2005).  

 

Once the breeding season is over, they return to forage in preparation for their moult.  This is a long-

term fasting situation as little penguins do not forage during moult (Reilly and Cullen, 1983). They 

can fast for prolonged periods and by utilising the fat stores they build up after the breeding season 

(Green et al., 2004).  To prepare for the long-term fast birds will spend 3 weeks extensively feeding 

and double their body mass.  Their condition index during moult is the highest due (Hocken, 2000) to 

this hyperphagia observed as the birds spend time at sea building up their nutrient stores and requires 

the birds to adjust their feeding behaviours to allow for such an intensive feeding period, especially if 

other colonies are present in nearby that could be seen as competitors (Thiebot et al., 2014).  

Successful birds build enough fat to survive during and after the moulting period.  The body condition 

of the birds is important for their survival and being in poorer body condition does pose difficulties 

during their moult (Cuming, 2009).   
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been trying to breed genetically-diverse birds by intra-park breeding.  They can also be found in one 

zoo in the UK (Belfast Telegraph, 2018) and a variety of zoos in the US (Bronx Zoo, 2015; Gros, 

2022).  Being in captivity, they do not have to travel distances to forage for food, and the penguins in 

this study are fed three times a day on a fixed number of fish per day, depending on where they are in 

their cycle.  Wild little penguins forage various species as food, from small fish and squid to 

crustaceans (Cullen et al., 1992; Geurts, 2006).  The birds in this study are only fed Sprattus sprattus 

and are provided with a multivitamin inserted into the gill of the first fish they eat.  In terms of social 

structure, little penguins form large colonies in the wild, leading to complex social structures, but in 

captivity, the number of individuals in the colony is significantly less.  The birds in this study have 

still formed their colony and established breeding pairs. 

 

Another factor the wild birds deal with is predators.  Their predator list ranges from the fur seal, stoats 

to domestic cats and dogs (Cannell et al., 2016).  In some cases, they may be found in coastal towns 

and are at risk from being hit by a car or boat (Harrigan, 1992).  The wild birds also have other causes 

such as disease (Jansen van Rensburg, 2010) and environmental challenges such as storms that play 

into their survival.  But the birds at the aquarium have no worries about predators as they are 

protected in their enclosure.  They may experience disturbance from visitors (Sherwen et al., 2015; 

Chiew et al., 2019), but the aquarium has policies and procedures in place to keep their birds as stress 

free as possible.  For the birds in captivity, any signs of distress from getting into a fight with other 

birds, not eating, or disease such as bumblefoot is immediately checked out by a veterinarian and 

monitored by the penguin keepers.  Exposure to a variety of stimuli and environmental factors allows 

the birds in the wild to be more active and aware but, the birds in captivity have to have enrichments 

added to the enclosure to provide stimulation.  The birds in this study have a beach with lots of foliage 

but also jets around the pool to stimulate flowing water.  In some cases, the penguin keeper might 

throw a fish into the pool during feeding time for those birds that like to feed in the water.   
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Human interaction with wild little penguins is limited but there is research going on with penguin 

colonies, but it mostly involves, checking nest boxes, microchipping, weighing and in some cases 

drawing blood etc (Colombelli-Negrel, 2019; Cargill et al., 2020) and occurs at certain times of the 

year for example, during the breeding or moulting season.  This is done to keep interaction with 

humans to a minimum.  But the captive birds are exposed to the penguin keepers at least three times a 

day, there are divers that come to clean the pool, and the aquarium also hosts encounters, so the birds 

are exposed to a variety of people.  Interactions with humans can cause these birds to become less 

wary of us.   

 

In terms of the annual cycle, we have some understanding about how the birds in the wild progress 

through it. They need to spend a considerable amount of time at sea foraging, especially during their 

moult (Reilly and Cullen, 1983). For at least two weeks, little penguins are unable to forage for food 

as they grow a new plumage of feathers. Their foraging in the wild depends on various factors such as 

sea surface temperatures (Carroll et al., 2016a), chlorophyll-a (Mickelson et al., 1991), and prey 

availability (Agnew et al., 2015; Berlincourt and Arnould, 2015).  The penguins used in the study are 

captive and are currently located at the National Aquarium in Napier. The reason for their arrival at 

the aquarium is explained in section 2.3. These birds have access to a pool and pre-established nest 

boxes of their choice.  The study is aimed at understanding how the birds in captivity with all these 

differences with their wild counterparts experience their annual cycle.   
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2.2  Penguin Cove: little penguin habitat at the National Aquarium 

2.2.1  Enclosure and husbandry 

The National Aquarium in Napier houses a colony of little penguins in an outdoor enclosure called the 

Penguin Cove. The enclosure boasts a large pool at the centre that holds 36,000 litres of water and is 

1.5 m deep. It is surrounded by a sandy beach and a rock wall. It includes permanent and movable 

homes catering to the penguins' requirements. The surrounding environment is adorned with logs, 

rocks, and flax bushes to provide a natural habitat for the penguins.  The penguins are also exposed to 

the natural day/night cycle as the top of their enclosure is open and only covered with a mesh (Fig 

2.1.c). 

 

Multiple jets in the pool keep the water moving and create an illusion of flowing water. The little 

penguins enjoy swimming against the current. Also, there is an underwater viewing area for the public 

to watch these birds as they swim (refer to Fig. 2.1 b). The birds are fed three times a day at 9:30 am, 

1:30 pm and 3:30 pm and usually must come to the feed station (Fig. 2.1 d).  The penguins are fed a 

diet of sprattus, and during the first feed of the day, a multivitamin tablet is placed in the fish's gills.  

This is the first fish fed to each bird to ensure adequate nutrients.  The birds are also hand-fed (Fig 

2.2), but keepers may throw fish into the water for the birds that prefer to eat in the water, such as 

Timmy since he suffered a spinal injury.  During the breeding season, the keepers will put out nesting 

material consisting of long grass or leaves to allow the birds to build their nests (Fig 2.3).   
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Fig 2.1.  Images of the penguin enclosure at the National Aquarium, Napier. a) shows the 

pool with some of the penguins swimming and the jets. b) shows the underwater 

viewing window for guests to see the penguins swimming. c) shows the overall 

enclosure with the open roof cover with mesh and the stone back walls.  d) The 

feeding station.  e) The island.  Images taken by Ritika Ganesh (2022) 
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Fig 2.2.  Images of the feeding station and the birds being hand-fed by Prof John Cockrem at 

the National Aquarium of New Zealand.  Images taken by Ritika Ganesh (2022). 
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Fig 2.3.  Dave and Kaewa sitting on the nest they made with the nesting material provided.  

Image taken by Ritika Ganesh (2022). 
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2.2.2  Nestboxes 

At the aquarium, you can find two kinds of nest boxes. One is the permanent box (Fig 2.4 a) that is 

fixed to the aquarium wall, and the other is the "holiday homes" - portable boxes (Fig 2.4 c) for birds 

that haven't settled in the permanent burrows yet. These boxes are particularly useful for less 

dominant birds as they can be moved to a safe place where they will be more comfortable.  There are 

eight boxes in the burrow, known as the "permanent boxes", each with a top lid that can be opened. 

However, the eighth box is currently closed due to water leakage causing dampness. Martin and 

Burny have made their home in the burrow located under the flax bush (Fig 2.4 d) on the Island (Fig 

2.1.e). Since this spot is frequented by other birds passing by to get to the feeding station, a log has 

been placed in front of the burrow to prevent Martin from chasing after them. 
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Fig 2.4.  The permanent boxes. a) shows the permanent nest box entrance and the lid closed. 

b) shows the permanent nest box with the lid open and a little penguin inside. c) 

shows a movable burrow. d) Burrow on the island under a flax bush, which is 

occupied by Martin and Burny. 
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species, especially those that depend on a particular species of prey.  However, little penguins have 

developed to be generalist-feeders that have a more diverse diet (Cavallo et al., 2020) as they live in 

more coastal areas (Gales and Pemberton, 1990).  Little penguins foraging range varies but are 

normally seen foraging within 20 km of their colony and they feed on small pelagic fish and various 

cephalopod species (Cullen et al., 1992; Collins et al., 1999; Chiaradia et al., 2003; Chiaradia et al., 

2010).   

 

Before the breeding season, the birds are seen foraging to prepare from April to May (Berlincourt and 

Arnould, 2015).  After laying their eggs, both male and female birds take turns incubating and 

foraging at sea (Agnew et al., 2015; Berlincourt and Arnould, 2015).  This leads to them experiencing 

a short-term fast and forage cycle.  This results in fluctuations in their body weight (Croxall, 1982).  

After the breeding season, the birds begin to prepare for their moult.  In the wild, these birds spend 

60% of their time at sea (Bethge et al., 1997; Berlincourt and Arnould, 2014) and can travel over 70 

km to forage (Carroll et al., 2016a; Elsom, 2022).  Little penguins are visual hunters and spend most 

of their daylight foraging.   

 

There are studies that look at the feeding behaviour of little penguins (Schulz, 1987; Carroll et al., 

2014), but it is difficult to know how much the bird has eaten without capturing it and then either 

studying its faeces or stomach flushing (Cullen et al., 1992).  However, working with data from a 

captivity setting, we not only have individual feed intake data, which will help to see how they 

increase or keep their feed intake depending on the stage of their annual cycle.  We know exactly 

what fish species they eat, how much and when, and their monthly body weight.  This will give us a 

starting point for understanding how the little penguins use their nutrient stores to enable them to 

progress through their annual cycle. 
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3.2  Methods 

3.2.1  Body weight  

The Aquarium provided us with an Excel sheet that had all the bird's monthly body weights from the 

years 2013-2021. Regular monthly health checks are generally done inside the enclosure and the 

portable scale they use the measure them is a Bilancia Minneapolis.  In cases where the bird is 

required to be taken out of the enclosure into a holding room for administration of medicine, they are 

weighed using GSC scales no:60209.  The diaries provided also had the exact dates for when body 

weight was taken and noted if any bird was missed and why.  All the body weight measurements were 

given to us in kg and were converted to g.   

 

3.2.2  Condition index 

Condition index was also calculated for the birds that were present in 2023 as their flipper length, 

witdth and height measurements were taken and CI was calculated using the formula; condition index 

= body mass/flipper length3 (Cockrem et al., 2017).  

 

3.2.3  Food intake 

The birds are fed three times a day.  They are fed sprats (Sprattus sprattus) which are caught in the 

North Sea and weigh between 7-10g.  The first fish they eat always includes a multivitamin tablet. 

The aquarium provided us with each bird's daily feed intake, including the number of fish eaten at 

each feed, as well as the minimum number of fish the bird needs to eat in a day to maintain itself.  The 

birds have a maximum number of fish they are allowed to eat each day, which changes from week to 

week. This number was not recorded in the diaries or an Excel spreadsheet but written on a 

whiteboard where the penguin keepers could keep track of and change it when necessary.  During the 

breeding season, the female birds are allowed to eat as much fish as they want to help with the energy 
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3.3  Results 

3.3.1  Body weight 

3.3.1.1 Female body weight 

Fig. 3.1 shows monthly body weights of female penguins from 2013 to 2021. Body weights varied 

from 593 to 1516 g, with the great majority of body weights between 700 and 1100 g.  The highest 

body weights of individual birds almost always occurred in December or January.  An exception was 

late 2020 and early 2021 where one bird had a high body weight in December and one in February, 

four other birds did not have high body weight measurements around the time of moult, and mean 

body weights were low in January.  Body weights were measured monthly, so there could have been 

increases then decreases in body weight, associated with moult, in between the body weight 

measurement dates.   

 

Mean body weights were usually highest in December or January (Fig. 3.2).  From 2016 onwards, the 

pattern of mean body weights during the year was a decrease from a peak in January to a minimum in 

March, then a gradual increase through the year (Fig. 3.2).  Differences between years may have 

arisen due to the limitations of the monthly body weight measurements.    

 

There were differences between birds in the occurrences of peaks in body weight (see Figs. 3.3 to 

3.6).  The monthly measurements mean that observed high body weights did not necessarily indicate 

high body weights associated with moult.  Betty had high body weights in January.  Burny had high 

weights in February and December 2019 and in August and December 2020.  Dora had a high weight 

in November 2016 and in February from 2017 to 2021.  Draco had high weights in January 2014, 

2015, and 2020.  Elmo had a high weight in January 2015, November 2016 and October 2017.  Flip 

had high weights in January 2015 2017, 2018, and 2019, and also had weight increases in September 
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2019 and November 2021.  Gonzo had high weights in January 2013 and January 2015, and in 

February 2016, 2017, and 2018.  Jack had high weights in February 2014, 2015, and 2016.  Lulu had 

high body weights in January 2013, 2014, 2015, and 2016, and also in December 2016, December 

2019, and February 2018.  Miley had high weights in October 2014 and October 2015, and in 

November 2016.  Pepper had high weights in January 2017, 2018 and 2019, and September of 2020.  

Pippa had a high weight increase in February 2017.   
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Fig. 3.3.  Individual body weights of Betty, Burny, Dora and Draco from 2013 to 2021.  Data are 

monthly measurements.   
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Fig. 3.4.  Individual body weights of Elmo, Flip, Gonzo and Jack from 2013 to 2021.  Data are 

monthly measurements.   
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Fig. 3.5.  Individual body weights of Lulu, Marina and Miley from 2013 to 2021.  Data are monthly 

measurements.   
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Fig. 3.6.  Individual body weights of Pepper and Pippa from 2013 to 2021.  Data are monthly 

measurements.   
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Fig 3.10.  Individual body weights of Captain, Dave, Gordon and Martin from 2013 to 2021.  Data are 

monthly measurements. 
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Fig 3.11.  Individual body weights of Mo, Mr.Mac and Pacino from 2013 to 2021.  Data are monthly 

measurements. 
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Fig 3.12.  Individual body weights of Pocket, Timmy and Tux from 2013 to 2021.  Data are monthly 

measurements. 
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3.3.3  Food intake 

3.3.3.1 Female food intake 

Fig. 3.22 shows monthly food intake of female penguins from 2013 to 2021. Food intake varied from 

0 to 42 fish, with the great majority of food intake between 2 to 16 fish.  The highest food intake of 

individual birds almost always occurred in November to January or in the case of 2015, in September.  

Having daily food intake gives us more insight into how their food intake varied with the events of 

their annual cycle   

 

Mean food intake (Fig 3.23) shows peaks at different times depending on the year.  We see a high 

food intake in December in the years 2014, 2018, and 2021. We also see a high food intake in October 

for 2015, and 2020.  2016, showed and increase in food intake from July and then decreasing in 

November to then decrease from a peak in December to a minimum in March.  Looking at food intake 

and how it changes from month to month (Fig 3.24), most of the increase in food intake is observed in 

October. We have one outlier in August, 26 fish being eaten and two outliers in September with 28 

and 33 fish being eaten respectively.  October reached a peak of 42 fish and then we observe food 

intake decrease in November and then start to increase again in December followed by a steady 

decrease from January to March.   
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Fig 3.23  Monthly food intake means (+ SE ) of all female birds from 2013 to 2021 (National Aquarium, Napier) 
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Mean food intake of individual females ranged from 7.51 + 0.07 to 9.74 + 0.08 fish (see Table 3.7).  

The mean food intake of the bird who average the least (Elmo) was 78% of the food intake of the bird 

who averaged the most fish (Flip) 

 

Table 3.7.  Mean and SE of all individual female birds food intake from 2013 to 2021. Data was 

collected daily. 

 

 
Mean S.E. n  Min Max 

Elmo 7.51 0.07 2549 0 30 

Lulu 7.70 0.09 2814 0 42 

Pepper 8.09 0.08 2201 0 25 

Jack 8.37 0.09 1913 0 30 

Miley 8.93 0.13 1123 0 32 

Gonzo 8.98 0.10 1882 0 28 

Draco 9.21 0.07 3235 0 30 

Pippa 9.27 0.19 485 0 19 

Burny 9.37 0.09 1352 0 25 

Betty 9.41 0.07 3235 0 28 

Marina 9.56 0.13 256 0 15 

Dora 9.72 0.07 2505 0 24 

Flip 9.74 0.08 2839 0 30 
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Table 3.8.  Mean Body weight (g), condition index and food intake of individual female birds from 

2013 to 2021.  Data for body weight and food intake is monthly and is sorted from the 

lowest to highest in body weight, condition index, and food intake. 

 

 

Body weight 

 

Condition index 

 

Food intake 

 Bird Mean S.E  Bird Mean S.E Bird Mean S.E. 

Lulu 759.00 10.40    Elmo 225.20 7.74 

Pippa 794.80 21.60    Lulu 230.30 9.85 

Dora 808.20 9.20 Dora 77.70 0.90 Pepper 240.60 7.79 

Pepper 817.60 13.00 Pepper 78.60 1.20 Marina 244.60 30.70 

Betty 848.60 9.80 Betty 79.30 0.90 Jack 254.00 11.90 

Jack 866.90 11.00  

  

Miley 270.90 15.87 

Draco 967.10 10.10 Draco 79.30 0.80 Gonzo 272.40 12.06 

Miley 976.90 17.00  

  

Burny 275.30 10.40 

Gonzo 980.80 12.30  

  

Draco 275.90 7.30 

Burny 982.00 20.70    Pippa 280.90 22.07 

Flip 993.80 10.20 Flip 86.50 0.90 Betty 281.70 7.99 

Marina 1033.40 12.50 Marina 88.30 1.10 Dora 289.90 8.94 

Elmo 1056.30 11.10 Burny 92.60 1.90 Flip 291.20 8.82 
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Looking at monthly body weights and food intake, we see  most of the birds follow the trend of their 

body weight corresponding to their food intake rankings but a few exceptions are Elmo sitting at the 

highest among the female birds at 1056.30 + 11.10 g, but in terms of food intake, Elmo has consumed 

the lowest with a monthly average of 225.20 + 7.74 fish.  Marina is also the second heaviest bird 

averaging at 1033.40 + 12.50 g but was fourth on the food intake averaging 244.60 + 30.70 fish.  This 

could be explained due to body weight being taken monthly there may be limitations to conclusions 

we can draw from this.  
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3.3.3.2 Male food intake 

Fig. 3.26 shows monthly food intake of male penguins from 2013 to 2021. Food intake varied from 0 

to 42 fish, with the great majority of food intake between 4 to 18 fish.  The highest food intake of 

individual birds almost always occurred in November to January or in the case of 2015, in October.  

We also observe an outlier in December of 2014 where Pacino ate 42 fish in one day.  

 

Mean food intake (Fig 3.27) shows peaks at different times depending on the year.  We see a high 

food intake in December in the years 2014, 2015, 2017, 2018, 2020, and 2021. We also see a high 

food intake in November for 2019.  2016, showed an increase in food intake from July and then 

decreased in November to then decrease from a peak in December to a minimum in January.  Looking 

at food intake and how it changes from month to month (Fig 3.28), most of the increase in food intake 

is observed in October and also increases till December.  We have four outliers in September with a 

bird eating 24, 26, 32, and 37 fish and four outliers in December with 34, 35, 38, and 42 fish being 

eaten respectively.  We observed food intake decrease in November and then start to increase again in 

December followed by a steady decrease from January to March.   
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Fig 3.27.  Monthly food intake means (+ SE ) of all male birds from 2013 to 2021 (National Aquarium, Napier) 
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Mean food intake of individual males ranged from 7.27 + 0.12 to 12.23 + 0.09 fish (see Table 3.9).  

The mean food intake of the bird who average the least (Gordon) was 75% of the food intake of the 

bird who averaged the most fish (Timmy).  

 

Table 3.9.  Mean and SE of all individual male bird's food intake from 2013-2021. Data was collected 

daily. 

 

 

Mean S.E. n  Min Max 

Gordon 7.27 0.12 880 0 22 

Pocket 7.89 0.16 730 0 30 

Mr.Mac 9.14 0.08 3235 0 37 

Pacino 9.67 0.14 1123 0 42 

Tux 9.68 0.10 2081 0 30 

Dave 9.97 0.12 1064 0 28 

Martin 9.97 0.14 1005 0 30 

Captain 10.28 0.10 2468 0 38 

Mo 10.43 0.07 3235 0 34 

Timmy 12.23 0.09 2081 0 30 
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Table 3.10.  Mean Body weight (g), condition index and food intake of individual male birds 

from 2013 to 2021.  Data for body weight and food intake is monthly and is 

sorted from the lowest to highest in body weight, condition index, and food 

intake. 

 

 
Body weight 

 
Condition index 

 
Food intake 

 Bird Mean (g) S.E. (g)  Bird Mean S.E. Bird Mean S.E. 

Pocket 1039.30 38.40 
   

Gordon 220.40 13.82 

Tux 1066.70 12.30 Tux 84.00 1.00 Pocket 250.00 17.72 

Pacino 1072.80 14.60 
   

Mr Mac 273.60 9.16 

Mo 1078.80 11.00 Mo 88.40 0.90 Tux 287.80 9.62 

Mr Mac 1082.30 11.40 Mr Mac 89.50 0.90 Pacino 293.60 15.94 

Dave 1128.00 21.30 Dave 94.00 1.80 Dave 294.60 13.32 

Gordon 1128.30 19.80 
   

Martin 294.80 12.82 

Captain 1147.30 14.40 Captain 95.60 1.20 Captain 305.60 10.35 

Martin 1150.40 17.50 Martin 96.70 1.50 Mo 312.30 8.18 

Timmy 1205.40 12.40 Timmy 98.00 1.00 Timmy 363.70 9.84 

 

Looking at monthly body weights and food intake, we see  most of the birds follow the trend of their 

body weight corresponding to their food intake rankings but a few exceptions are Gordon sitting at 

fourth highest among the male birds weight at 1128.30 + 19.80 g, but in terms of food intake, Gordon 

has consumed the lowest with a monthly average of 220.40 + 13.82 fish.  Mo, is fourth in body 
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weight with 1078.00 + 11.00 g but was the second highest in terms of monthly food intake with 

312.30 + 8.18 fish.  This could be explained due to body weight being taken monthly there may be 

limitations to conclusions we can draw from this.  Another conclusion could be due to when the bird 

arrived into the aquarium as to how many food intake enteries are there. Gordon passed away in 2015 

so we only have 2 years of food intake enteries, while birds like Mr.Mac and Mo have data from 2013 

to 2021.   
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that their increase and decrease in food intake is related to their breeding season and the peak 

observed in December is due to preparing for moult.  Male birds on the other hand, average 1-2 more 

fish than female birds but their food intake is constant from June to October and only starts to increase 

from October, peaking in December in preparation for their moult.  If a bird is approaching their 

moult, the keepers increase their food by 20% - 30%, and once it starts their moult, the bird stays in its 

nest box until it's completed.  The keepers do not feed the birds while undergoing their moult to 

prevent them from getting used to being fed on the nest but also to prevent them from overheating.  

Since these birds do not swim vast distances to get their food, it is important to make sure they are 

kept at a proper weight and get exercise to prevent issues such as bumblefoot (Wolanin, 2018).   

 

Little penguins in the wild forage for food, leaving the colony before sunrise and returning after 

sunset (Agnew, 2014).  When doing day trips, they usually stay within 25 km of their colony, and 

every colony has its variation in the length of their foraging trips as it is dependent on the availability 

of food (Elsom, 2022).  Various environmental factors affect their foraging behaviour, and their 

annual cycle's breeding and moulting stages are crucial and high in energy costs.  The energy 

demands (Buller, 1882) associated with them and other environmental factors make little penguins 

more flexible with their prey selection (Cullen et al., 1992). 

 

Gales and Green (1990) looked at the annual energetics of the little penguins and found that the 

highest energy demands for these birds came during their breeding season.  They charted that 30% of 

the bird's yearly energy budget was spent on raising its chicks, even though it only takes up 16% of 

their annual cycle.  While a parent is incubating the eggs, the partner is seen going on foraging trips, 

which can last a mean of 4.4 days (Collins et al., 1999).  In this study, the birds do not need to travel 

any distances to get food.  The penguin keepers food them at the food station but also note who is 

sitting on the eggs and swap them around to give each partner a chance to come up to the station and 
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to also go in for a swim.  A study involving captive birds for 16 months showed birds increasing their 

body mass by 40% at the start of moult to help with the high energy demands (Baudinette et al., 

1986).  Evans et al. (2015), found that both males and females during the guard phase went down in 

body weight but increased when they were in the post-guard phase.  Both sexes were also seen to 

increase their weight significantly at the start of moult and then decline at the end of moult.  Gales et 

al. (1988b), studied the annual energetics of free-living penguins during moult and found a linear 

relationship of weight loss during moult.  Birds were seen losing 55 g day-1 or a total of 46% of their 

initial weight. 

 

The overall question of this study was to understand if these captive birds experience changes to their 

body weight and if these changes correspond to any of their annual cycle activities.  We can see that 

during the breeding season, males do not greatly fluctuate in weight whereas female birds are seen 

eating more to help with the energy expense of egg formation and laying.  We then see both male and 

female birds increase their weight once they begin moult with both sexes weight and condition indices 

reaching the highest point.  Since body weight was taken once monthly using the data in relation to 

their breeding and moult helps us understand the changes we observed.  Looking at food intake we 

can see a small increase in food eaten by female birds during the breeding season, but it is not 

significant.  But, from the months of October and reaching a peak in December we observed both 

sexes increase their food intake to reflect the high weight and condition index we observed in January.  

Using these key dates for when the birds were weighed, when they started to lay eggs and moult from 

the diaries have helped us understand the changes we observed and also how their body weight 

reflects their annual cycle. 
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4.  Timing of egg laying 

4.1  Introduction 

The breeding season in little penguins in the wild is normally from July to December (Department of 

Conservation, 2023).  The birds start coming to shore from July onwards to start nest building and 

developing new pair-bonds or to meet up with their already formed partners (Agnew et al., 2014).  

This is then proceeded with the laying of their 1st clutch of the season and the timing of egg laying in 

wild birds varies depending on location and other factors such as food availability, sea surface 

temperature, chlorophyll-a etc., (Bool et al., 2007; Agnew et al., 2015; Berlincourt and Arnould, 

2015).  But in general, we can observe that wild birds start laying from August to December in New 

Zealand (Rowe et al., 2020).  Wild birds generally lay two eggs in a single clutch though one egg 

clutches are not uncommon (Agnew et al., 2014) and depending on the breeding season, they may lay 

replacement clutches if the first one failed or even because the first one was successful and they are 

capable of producing another clutch (Agnew et al., 2014).  Once the eggs are laid both pair of birds 

take turns incubating the eggs, but it is not uncommon for the eggs to become abandoned if the 

parents are unable to care for them or they are predated on during a forage (Cannell et al., 2012).  The 

incubation period last from 36 to 38 days in the wild (Croxall, 1982; Kemp and Dann, 2001a).  

 

In terms of the captive birds, they are provided with food every day, most of the birds in this study 

have a bonded partner and these birds are not affected by any external factors like predation or prey 

availabilty.  The birds in this study are still affected by weather due to having an outside enclouse and 

even with the presence of veterinary care they can encounter diseases such as bumblefoot (Wolanin, 

2018).  The majority of birds in this study also lay two egg clutches but there are some birds that may 

lay only one egg in the clutch and there are cases of replacement clutches being laid.  This study will 

look at the timing of egg laying from 2013-2021 and also the outcomes for birds that were able to 

naturally incubate their eggs for more than 32 days.  Using the information we gather from the diaries, 
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we looked at when timing of egg laying occurred in the captive little penguin.  We then focused on 

eggs that were incubated for more than 32 days to calculate the average incubation period for birds 

who were allowed to incubate till hatch.  The following section 4.2 follow through the methods of 

how we extracted the information from the penguin diaries that were provided from 2013-2021.  The 

next section is 4.3 which go through our results and the discussion and answers to our questions can 

be found in section 4.4 
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4.3  Results  

4.3.1  Timing of egg laying  

1st clutch eggs 

 

The average 1st egg laid was at 157.03 (September) +  4.78 days (n = 39), and the 2nd egg laid was at 

157.23 (September) +  4.78 days (n =  35); they range from day 95 (July) to day 227 (November) (Fig 

4.1).  Individual bird 1st clutch egg laying mean can be found in Table 4.1 below.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4.1.  Egg laying dates for all 1st clutches laid from 2013 to 2021. The data progresses in an 

upward manner from 2013 to 2021  

Egg laying and end of incubation dates (natural, hatched, replaced w/dummy, abandoned or broken)
of 1st clutch

June July Aug Sept Oct Nov Dec Jan

1st egg of 1st clutch

2nd egg of 1st clutch

Eggs removed, hatched, abandoned, broken etc.,

Betty

Dora

Draco

Elmo

Flip

Gonzo

Jack

Lulu

Burny

Pepper

3rd egg of 1st clutch

Egg laying and end of incubation dates (natural, hatched, replaced w/dummy, abandoned or broken)
of 1st clutch

June July Aug Sept Oct Nov Dec Jan

1st egg of 1st clutch

2nd egg of 1st clutch

Eggs removed, hatched, abandoned, broken etc.,

Betty

Dora

Draco

Elmo

Flip

Gonzo

Jack

Lulu

Burny

Pepper

3rd egg of 1st clutch
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Table 4.1.  The mean and SE of individual birds 1st clutch eggs laid from 2013-2021 

 

  

Mean 

(day)* 

Associated 

month S.E. n 

Min 

(day)* 

Associated 

month 

Max 

(day)* 

Associated 

month 

Betty 
        

1st egg 171.43 September 11.02 7 141 August 215 November 

2nd egg 176.80 September 13.99 5 145 August 219 November 

Burny  
       

1st egg 133.50 August 3.50 2 130 August 137 August 

2nd egg 137.50 August 3.50 2 134 August 141 August 

Dora  
       

1st egg 193.00 October 0.00 1 193 October 193 October 

2nd egg 196.00 October 0.00 1 196 October 193 October 

Draco  
       

1st egg 147.50 August 28.41 4 95 July 227 November 

2nd egg 124.33**  August 14.50 3 98 July 148 August 

Elmo  
       

1st egg 136.80 August 8.10 5 116 July 160 September 

2nd egg 139.80 August 8.18 5 119 July 163 September 

Flip  
       

1st egg 175.14 September 9.49 7 148 August 227 November 

2nd egg 178.67 September 11.34 6 149 August 230 November 

Lulu   
       

1st egg 152.88 August 6.81 8 128 August 183 September 

2nd egg 155.75 September 6.85 8 131 August 186 October 

Pepper  
       

1st egg 148.20 August 10.68 5 128 August 187 October 

2nd egg 151.60 August 10.53 5 132 August 190 October 

*Day 1 = 1st of April and day 365/366 = 31st of March. Since the annual penguin year begins in April, we 

run the dates from 1st of April to 31st of March 

** Draco only laid one egg in 2018 causing the mean of her 2nd egg mean value to be lower   
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Table 4.5.  Mean and S.E. for eggs naturally incubated for more than 32 days and whether they 

hatched or not.  

 

 Mean S.E. n Min Max 

Hatched 36.77 0.51 23 34 41 

Did not hatch 42.23 1.32 22 34 49 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4.3.  Eggs that were naturally incubated for over 32 days but did not hatch from 2013-2021. The 

data progresses in an upward manner from 2013 to 2021.  

Eggs incubated more than 32 days but didn't hatch
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Eggs incubated more than 32 days but didn't hatch
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Removal of 2nd clutch eggsRemoval of 1st clutch eggs

2nd egg of 2nd clutch

1st egg of 2nd clutch1st egg of 1st clutch

2nd egg of 1st clutch
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Fig 4.4.  Eggs that were naturally incubated for over 32 days and hatched from 2013-2021. The data 

progresses in an upward manner from 2013 to 2021.  
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The birds in captivity sometimes are not able to incubate their eggs for more than 32 days for various 

reasons such as abandonment/being broken or cracked and in the wild, there are cases of birds 

abandoning their eggs for reasons such as survival (Colombelli-Negrel, 2015) or decrease in 

resources, age or inexperience of birds (Numata et al., 2000; Geraldene, 2020).  But the eggs that 

were incubated naturally and hatched from 2013-2021 had a 51% successful hatch rate which was 

lower than observed in the Phillip Island colony from 1968-69 and 1998-99 (Kemp and Dann, 2001a), 

the Oamaru colony from 1994-2012 (Agnew et al., 2014), the Otago colony in 1982  (Gales, 1985), 

and the West coast colony in 2006 (Heber et al., 2008).  Interestingly, the Wellington colony from 

1954 was seen to have a hatching success (Kinsky, 1960) similar to this study but, in 1956-1957 and 

1995-1996 we see the hatching success go up for the Wellington colonies (Kinsky, 1958; Bull, 

2000a).  Table 4.5, lists other studies comparisons to hatching success with this study.  
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Table 4.5.  Comparison of other studies looking at incubation period of hatched eggs with this study. 

 

Location Mean SE n Min Max How was incubation period defined Reference 

Summerland Peninsula, 
Phillip Island, AUS 35.7 1.39 38 31 40 

From the date of laying to the date of 
hatching of the 1st egg. (Chiaradia and Kerry, 1999) 

West Coast, South Island, 
NZ, 2006 33.9 4 14 30 38 Not defined (Heber et al., 2008) 

Summerland Peninsula, 
Phillip Island, AUS 35.39 0.14 142 33 44 From the laying of the 2nd egg to hatching (Kemp and Dann, 2001) 

Wellington, NZ, 1958 - - - 33 47 From the laying of the 2nd egg to hatching (Kinsky, 1958) 

Banks Peninsula 38 - - - - Not defined (O'Brien, 1940) 

Tiritiri Matangi Island, NZ 35.5 0.4 16 33 39 
Assumed to begin on the day the egg was 
laid if parent was present on the nest. (Boyer, 2010) 

The National Aquarium, NZ 
2013-2021 36.77 0.51 23 34 41 From the laying of the 2nd egg to hatching. This study 





 

   

 

105 

variation in food availability (Croxall, 1982; Gales et al., 1988b).  In this chapter, we look to answer 

when the captive penguins of this study begin their moult.  We also want to know how long their 

moult lasts.  We look to see if there is any relationship between female birds' egg laying and the 

timing of moult.  The section 5.2 and 5.3 go through the methods and the results of the study.  We 

then answer our questions and discuss our results in section 5.4 below. 
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Table 5.1.  The mean and SE of the individual start dates for female birds at the National Aqaurium 

from 2013 to 2021. 

 

Start of moult 
     

 
Mean* S.E. n Min (days) Max (days) 

Betty 272.00 9.70 4 244 286 

Dora 298.33 8.09 3 284 312 

Draco 273.67 4.91 3 265 282 

Elmo 241.75 11.30 4 222 274 

Flip 274.20 3.73 5 263 286 

Gonzo 277.50 13.50 2 264 291 

Jack 303.75 4.80 4 297 318 

Lulu 284.00 5.77 3 274 294 

Miley 216.67 13.22 3 191 235 

Pepper 266.75 7.74 4 244 277 

Pippa 301.00 0.00 1 301 301 

*Day 1 = 1st of April and day 365/366 = 31st of March. Since the annual penguin year begins in April 

we run the dates from 1st of April to 31st of March 

  



 

   

 

109 

Table 5.2.  The mean and SE of individual end dates for female birds at the National Aquarium from 

2013-2021. 

 

End of moult 
     

 Mean* S.E. n Min (days) Max (days) 

Betty 286.25 7.85 4 263 297 

Dora 313.33 8.76 3 297 327 

Draco 287.33 5.24 3 279 297 

Elmo 256.00 10.52 4 238 286 

Flip 288.20 3.53 5 280 300 

Gonzo 301.50 15.50 2 286 317 

Jack 323.25 4.39 4 317 336 

Lulu 298.33 6.69 3 286 309 

Miley 233.67 10.73 3 213 249 

Pepper 281.75 6.34 4 263 291 

Pippa 318.00 0.00 1 318 318 

*Day 1 = 1st of April and day 365/366 = 31st of March. Since the annual penguin year begins in April 

we run the dates from 1st of April to 31st of March 

 

 

 

 

 

 
































































































