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1 – Introduction
The populations of blue penguins at both the Oamaru Blue Penguin Colony (OBPC) (Quarry) and Oamaru Creek Reserve (Creek) colonies in Oamaru, have increased significantly since monitoring began in 1993. Tourists are now enjoying on average, upwards of 120 penguins coming ashore during evening viewing during the summer months. The OBPC receives around 80,000 visitors per year, who come not only for evening viewing but now to view penguins during the day in a specially designed day-viewing room. Penguin welfare is without a doubt critical to the success of the facility, good numbers of penguins and plenty of penguin activity brings satisfied customers. Monitoring of the penguins is therefore essential to ensure the tourism operation does not pose any threats to the breeding and survival of the penguins and ensure their continued success. 

 The breeding success of the penguins at both the Quarry and Creek colonies is monitored with a number of objectives: to provide up to date information to staff and visitors about what is happening in the colony; to assess the impacts, if any, of the public viewing at the Quarry; to provide knowledge to both the local and scientific community. The aim of the following report is to summarise the data collected during monitoring of the 2007 breeding season.

2 – Methods

The 2007 breeding season is defined as beginning on the 1st of May 2007 and finishing on the 30th April 2008. Monitoring is carried out weekly at both the Quarry and Creek colonies. During monitoring each nest boxes is opened and the occupants recorded, whether they are adults, eggs or chicks. Flipper bands on adults are read without removing the penguin from the nest box, handling of them is kept to a minimum thus reducing stress and disturbance. Chicks are weighed in order to monitor their growth and examine fledge weights. Any unbanded adults that are found breeding are banded, as are chicks when they have lost enough downy feathers from the upper flipper, which normally happens around 6 weeks of age. 

Data is then entered into the database held at the OBPC, a copy of which is forwarded on a regular basis to the Department of Conservation.

3 – Results and Discussion

3.1 – Evening viewing, the Blue Wing and Nest Cam

During the month of May 2007 there was an average of 73 penguins recorded coming ashore during evening viewing. This average was the highest ever recorded for May. June followed with another above average month of 59 penguins coming ashore during viewing. The prospects for an early start to the breeding season were looking promising until the end of June, when the number coming ashore dropped from 81 to 3 over a period of five nights. For the next 17 nights to follow, the number coming ashore never rose to more than four penguins. This drop in numbers is depicted clearly in Figure 1. The drop in penguin numbers during July was paralleled by a drop in visitor numbers. During weekly monitoring the number of penguins at home during this period never rose to more than five penguins at the Quarry. We were able to conclude that the drop in penguin numbers was not related to the tourism operation at the Quarry because the same thing happened at the Creek colony. During monitoring, over the same period there were never more than two penguins ashore. Therefore, the cause must have been environmental rather than human induced disturbance. Without the Creek colony as a control site we could never have confidently come to this conclusion.
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Figure 1. The number of penguins that arrived ashore during evening viewing each day during the 2007 breeding season, counted for one hour after the first penguins arrive. Solid square shows the lay date of the first eggs for the season.

As shown in Figure 1, the number of penguins increased mid-July, but still averaged below 50 when the first eggs were recorded in the colony on the 19th of August. Numbers did eventually increase to above 100 around mid-September. In spite of the slow start to the season, the record for the highest number of penguins recorded during evening viewing was again broken. This season the peak was on the 25th of November, when 252 penguins were recorded, higher than the 2006 season best of 243. 
The Blue Wing

Five breeding pairs occupied the ten nesting boxes in the Blue Wing during the 2007 breeding season, compared to four pairs during the 2006 season. Of the five breeding pairs, three had previously bred together in 2006, one pair was made up of an individual that had bred before plus a new breeder and the last pair were both new breeders. The first pair to lay eggs was on the 10th of September and the remaining pairs laid shortly after. Four pairs successfully fledged two chicks each during 2007 and the last pair fledged one, this compared to each fledging only one chick per pair during the 2006 season. One pair laid a second clutch once their first chicks had fledged but the second clutch was unsuccessful.
Nest Cam

This was the fourth breeding season that the pair occupying the nest cam box had been breeding together. The male was 11 years old and the female was seven. They laid eggs on the 13th of August and successfully fledged two chicks. 
3.2 – Breeding and survival

The survival of adult penguins was recorded as the percentage of adults that survived from 2006 to 2007. At the Quarry colony, the survival of females was 88% and males 92%. This rate was very close to the average rate of survival that has been recorded since 1993, of 87%. Unlike previous seasons however, there were several birds that were recorded in the colony during the season that did not breed. The percentage of penguins that were alive and chose to breed was 86% of female breeders and 82% of males. However, there were on average more new breeders recorded in the colony in 2007 compared with previous seasons, 37 females were recorded that had not bred previously, 26 of which were returning birds that had fledged the Quarry colony as a chick, the remaining 11 penguins were banded as adults in 2007. There were 34 new males breeders in 2007, 28 of which were returning birds that had previously fledged from the Quarry colony and the remainder were of unknown origin that is they were banded in the Quarry as adults. 
In total there were 135 pairs that bred in the Quarry colony during the 2007 season, increasing from 133 during the 2006 season. Of the 135 pairs, only 61 had bred together previously. The remaining pairs had either changed mate due to the disappearance of their previous mate or due to a divorce, or were new breeders. 

The start of the 2007 breeding season was delayed due to the period in July when the penguins stayed away from the breeding colony. First eggs for the season were laid at the Creek colony on the 11th of August, and the following week at the Quarry, on the 19th of August. The last eggs laid for the season were on the 6th of January at the Creek, which resulted in a fledged chick and the 7th of January at the Quarry which failed. Due to the delayed onset of breeding, fewer birds laid a second clutch once first chicks had fledged, 18% of breeding pairs at the Quarry and 8% at the Creek. 

Table 1. Summary of the breeding of blue penguins at the Quarry and Creek colonies. 

	
	Quarry
	Creek

	Breeding pairs 
	135
	147

	Date of first eggs
	19-Aug
	11-Aug

	Total number of eggs laid
	333
	333

	Total number of chicks hatched
	267
	264

	Total number of chicks fledged
	237
	245


The number of breeding pairs at the Creek increased from 105 in 2006 to 147 in 2007. This increase was not a result of there being more breeding pairs suddenly arrive at the colony, it was the result of the inclusion of pairs that had been nesting in ‘letterbox’ style boxes that had not been previously included in monitoring. During 2007 these boxes were taken away and replaced with the standard style of box. 
The total number of chicks that fledged during the 2007 breeding season was lower than the 2006 season at the Quarry (292) but higher at the Creek (204). 

Breeding experience 

Breeding experience may have an effect on the breeding success of pairs. The Quarry colony was examined to determine the effects of breeding experience on the average number of chicks fledged per pair and the average fledge weights of chicks from parents with differing degrees of breeding experience (Table 2). 

Table 2. The relative success of breeding pairs with varying degrees of breeding experience, assessed at the beginning of the season.

	
	Chicks fledged per pair
	n
	Fledge weights (g)
	n

	Same mate
	1.95
	61
	1014
	110

	New (experienced) mate
	1.89
	28
	1028
	47

	New (unexperienced) mate
	1.47
	15
	1076
	22

	Both new breeders
	1.43
	30
	1043
	43



There was a significant difference in the average chicks fledged per pair between pairs that included two experienced breeders (whether they had bred together previously or not) and pairs that included one or more unexperienced breeders (P<0.05). This is a similar result to those from the 2006 breeding season, further supporting evidence for experienced breeders producing more chicks.
3.3 - Monitoring the effects of tourism

With the presence of a tourism operation at an area where blue penguins breed, it is necessary to ensure that there are no negative impacts on their welfare as a result. Therefore, it is necessary to compare the Quarry colony with the control site at the Creek, this comparison must be ongoing. 
Table 3. Comparison of breeding success of blue penguins at the Quarry and Creek colonies during the 2007 season. 

	
	Quarry
	Creek

	Hatching success (chicks hatched/eggs laid)
	80%
	79%

	Fledging success (chicks fledged/chicks hatched)
	89%
	93%

	Reproductive success (chicks fledged/eggs laid)
	71%
	74%

	Chicks fledged per pair
	1.76
	1.67

	Proportion of pairs produced a double brood
	18%
	8%


The results show that more chicks were lost from the Quarry colony compared to the Creek, given that the fledging success was lower at the Quarry. The penguins at the Quarry still managed to fledge more chicks per pair than the Creek birds which resulted from more pairs producing a double brood. However, none of the results in Table 3 showed a statistically significant difference between the two colonies. This means that the breeding success of the birds at both colonies was very similar. This provided evidence that the tourism operation did not have a negative effect on the birds breeding success at the Quarry during the 2007 breeding season. 
A further method of analysing any effects of tourism is to compare the fledge weights of the chicks produced at both colonies. Table 4 shows the average fledge weights of chicks I had reliable data for.
Table 4. Mean fledge weights (g) of chicks from the first and second clutches from both the Quarry and Creek colonies, and the overall mean.

	
	1st clutch
	n
	2nd clutch
	n
	All chicks
	n

	Quarry
	1031
	195
	1010
	27
	1029
	222

	Creek
	1089
	211
	1039
	11
	1087
	222


The chicks that fledged from the Creek colony were significantly heavier (P<0.001) at fledging, than chicks from the Quarry. Given the length of time data has been collected at the two colonies it was possible to determine whether this pattern is a regular occurrence and therefore a potential cause for concern.
[image: image3.emf]800

900

1000

1100

1200

1300

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Breeding season

Weight (g)

Quarry Creek


Figure 2. Mean fledge weights of chicks fledged from the Quarry and Creek colonies from 1994-2007 (± SE).

During the last 14 breeding seasons the overall mean fledge weights of chicks have been significantly higher at the Creek than the Quarry in three breeding seasons (1998, 2004 & 2007) (Figure 2). The average fledge weight from all chicks across all seasons from 1994-2007 was only slightly higher at the Creek (1083g) than the Quarry (1071g). The cause for concern was the 2007 breeding season, as the difference in fledge weights was the highest difference to date between the two colonies. If this difference continues into the future it will warrant further investigation.   
The results shown so far to analyse the effect of tourism, summarized the colony as a whole. The next level of analysis was to study particular areas of the breeding colony where the visitation is concentrated in the colony itself, these areas include the nest boxes within 3m of the boardwalk and the boxes in the Blue Wing.
Table 5. The average number of chicks fledged per pair and chicks fledge weights from pairs at different locations in the Quarry colony.

	Location (mound)
	Chicks per pair
	n
	Fledge weights (g)
	n

	A
	1.68
	25
	1069
	37

	B & C
	1.60
	10
	1045
	15

	D
	2.30
	10
	1015
	21

	E
	1.32
	19
	1043
	24

	F
	1.28
	18
	969
	21

	G
	2.17
	12
	1060
	24

	H
	1.70
	10
	1033
	16

	T – Z 
	2.06
	16
	1038
	32

	Boardwalk
	2.30
	10
	986
	23

	Blue Wing
	1.80
	5
	951
	9


Breeding success was unaffected by the presence of visitors close to nests. However, chicks from those nests fledged at a lower weight than the average fledge weight for the colony, as did chicks from Mound F. When comparing the boardwalk nests with the others in the same area (T-Z), there was no statistically significant difference in the fledge weights. However, when comparing nests with visitors present (Boardwalk plus Blue Wing, n=32) to those with visitors absent (n=190) there was a significant difference (P<0.01). Given that this pattern of lower fledge weights did not occur during the 2006 breeding season, it will require more years of data collection before there are final conclusions drawn on any potential effects of tourism. Also, the next stage of data analysis is to establish whether this drop in fledge weights has an effect on their survival in their first year. Survival and recruitment into the breeding population are critical to the success of the population as a whole.
4 - Conclusions 

Overall there were no negative effects of the tourism operation on the breeding success of the penguins at the Quarry colony. However, comparisons of chick fledge weights showed that on average, chicks from the Quarry fledged lighter than those from the Creek. Also, chicks from nests with potential disturbance through visitor access in the Quarry colony, fledged at lighter weights than those from nests further away and not subject to disturbance. As mentioned however, it is too soon to draw too many conclusions and further analysis is required.
The 2007 season highlighted the ongoing need for a control colony due to the dramatic drop in penguin numbers during July. We could never establish the reason for the drop in numbers coming ashore, but because we monitor two colonies and the same drop occurred at both, we can safely say that it was not because of the tourism operation. The problem with the Creek however, is the damage to the colony from coastal erosion. Nesting boxes are regularly shifted at the Creek to avoid being washed away and the penguins have more difficult terrain to navigate when they are trying to get to their nests. We are losing habitat at the Creek, which will possibly lead to competition between the penguins for space. If nothing is done about the erosion and the site is lost completely the penguins will try to breed somewhere close-by, which will likely be the historic precinct in Oamaru. Given that there are 147 breeding pairs at the Creek, I believe this will mean people will regularly see penguins walking around at night looking for somewhere to breed.
Goals for the 2008 breeding season include moving towards using transponders as an alternative to flipper bands for identifying individuals, investigating the potential for using satellite transmitters to find out where the penguins forage, and publishing findings from Oamaru data, in peer-reviewed scientific journals.
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