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EXECUTIVE SUMMARY 

This report summarises the results of the second year of a second five-year collaborative project to 
test a new conservation management regime aimed at improving the nesting success of 
tarapirohe/black-fronted terns (Chlidonias albostriatus) on the Waiau Toa/Clarence and 
Wakaputawatea/Acheron rivers in Canterbury, New Zealand.  
 
One of the main changes between the first five-year project and the current five-year project is the 
increased treatment zone area (where the treatment zone area is defined as a continuous stretch of 
river under predator control). The treatment zone is now determined by the length of the extended 
trapping line which covers a 26km stretch of the Waiau Toa/Clarence River. Chick shelters were also 
deployed at colonies within the treatment zone, both on island and mainland colonies.   
 
Habitat enhancement actions were carried out in March and April 2022 at five islands within the 
treatment zone where island heights were raised, smoothed over, and cleared of vegetation. 
Enhancements also included widening, deepening, and clearing channels surrounding each island. 
However, summer drought during the breeding season caused channels of two enhanced islands to 
dry out, causing the islands to become connected to the mainland, which reduced their effectiveness 
for the 2022/23 breeding season.  
 
Predator trapping using a combination of DOC150, DOC200, DOC250, SA1 and SA2 kill traps was 
carried out in a 26 km trapping line along both sides of the Waiau Toa/Clarence River, resulting in 
766 predators being caught. This included 520 hedgehogs (Erinaceus europaeus) (0.257 catches/100 
trap nights), 11 possums (Trichosurus vulpecula) (0.005 catches/100 trap nights), 74 weasels 
(Mustela nivalis) (0.037 catches/100 trap nights), 11 ferrets (Mustela furo) (0.005 catches/100 trap 
nights), 38 stoats (Mustela erminea) (0.019 catches/100 trap nights), 18 rats (Rattus rattus) (0.009 
catches/ 100 trap nights) and 17 cats (Felis catus) (0.008 catches/ 100 trap nights).  
 
Overall breeding success of black-fronted terns was higher at both treatment and non-treatment 
colonies throughout the 2022/23 season compared to the previous five-year study (2015/16 ς 
2019/20) and only a slight decrease from the 2021/22 season results. Hatching success was slightly 
less in treatment sites compared to non-treatment sites (treatment hatching success= 52%; non-
treatment hatching success= 65%), partially due to a range of more suitable, robust islands that were 
nested on within the non-treatment zone, and thus had reduced predators access over the breeding 
season, compared to treatment zone colonies where only five islands were colonised. Observed 
fledging success was the third highest recorded over the last seven monitored seasons. The 
treatment colonies resulted in having lower fledging rates (0.36 chicks/nest), compared to non-
treatment colonies (0.51 chicks/nest). This was likely due to large population of breeding pairs that 
nested on the mainland within the treatment zone. Fledgling productivity on treatment and non-
treatment islands were very similar with both zones reaching 0.61 fledglings/nest. 
 
In total, 142 black-fronted tern chicks were observed to have fledged from monitored colonies along 

the rivers during the 2022/23 season, 38 from treatment colonies and 104 from non-treatment 

colonies. This compares to the previous 5-year study where an average of 110 chicks fledged per 

year between 2015/16 to 2019/20. 
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1. INTRODUCTION 

The tarapirohe/black-fronted tern (Chlidonias albostriatus) is ranked as Nationally Endangered under 
the New Zealand Threat Classification System, with an estimated population of between 1,000 and 
5,000 mature individuals and a predicted rate of decline of around 50% over the next three decades 
όhΩ5ƻƴƴŜƭƭ & Hoare 2011, Robertson et al. 2021).  

This ongoing decline is the result of several interacting threats, including depredation by introduced 
mammals (particularly cats [Felis catus], ferrets [Mustela furo] and hedgehogs [Erinaceus 
europaeus]) and habitat loss as a consequence of the invasion of braided riverbeds by woody weeds 
(Balneaves & Hughey 1990, Keedwell et al. 2002, Sanders & Maloney 2002, Keedwell 2005, Bell 
2017). 

The braided rivers of Canterbury are currently considered to be the global stronghold for black-
fronted terns (hereafter tern or terns) and are estimated to support around 60% of the breeding 
ǇƻǇǳƭŀǘƛƻƴ ƻŦ ǘƘƛǎ ǎǇŜŎƛŜǎ όhΩ5ƻƴƴŜƭƭ & Hoare 2011). Several of these Canterbury rivers have 
recently been identified as Important Bird Areas by Forest & Bird/Birdlife International on the basis 
that they each support >1% of the global population of terns including the Waiau Toa/Clarence, 
Wakaputawatea/Acheron and Saxton River system, and the Waiau-Uwha, Hurunui, Ashley, 
Waimakariri, Rakaia, Ashburton, Rangitata, Tasman, Godley, Cass, and Ahuriri rivers (Forest & Bird 
2016).  

Between 2012 and 2020 the Department of Conservation (DOC) and Wildlife Management 
International Ltd. (WMIL) monitored the population trends and breeding success of terns on the 
upper Waiau Toa/Clarence and Wakaputawatea/Acheron rivers in the Canterbury region. Over the 
2012/13, 2013/14, and 2014/15 breeding seasons, tern productivity was low primarily due to 
predation by introduced mammals (Bell 2017).  

A five-year intensive programme of predator control (i.e., trapping) and habitat enhancement was 
instigated at three colony sites on the upper Waiau Toa/Clarence River between 2015/16 and 
2019/20 with the goal of increasing tern productivity. Throughout this period a combined total of 
2,203 nests were monitored. Three treatment colony sites (enhanced island colonies with trapping 
networks surrounding the islands) on the upper Waiau Toa/Clarence River had a combined apparent 
(observed) hatching success of 41.9% over the five-year period, whilst the non-treatment colony 
sites (non-enhanced island and mainland colonies with no trapping) had 34.8% hatching success. The 
fledging productivity differed greatly between treatment and non-treatment sites (treatment = 
0.61/nest, non-treatment = 0.17/nest) (Connor-McClean & Bell 2020). 

Each season a subsample of nests at both treatment and non-treatment zone sites were filmed using 
motion-activated trail cameras. Footage showed that most nest failures were either caused by 
flooding or by eggs or chicks being depredated by introduced mammalian predators and other pest 
species, particularly ƪņƘǳ/Australasian harriers [Circus approximans], cats, ferrets, karoro/southern 
black-backed gulls [Larus dominicanus] and hedgehogs (Connor-McClean & Bell 2020). Physical 
habitat enhancement is shown to increase the likelihood of nests withstanding flooding, and 
proximity to traplines is shown to decrease the likelihood of nest predation. The improvement in 

Waiau Toa/Clarence and Acheron River 
tarapirohe/black-fronted tern monitoring 
project - 2022/2023 operational report 
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tern productivity at treatment zone sites is therefore a direct reflection of the combined 
management of predator control and habitat enhancement actions carried out.  

In response to the successes of the initial five-year programme, a second intensive five-year 
programme of predator control and habitat enhancement has been instigated on a 26 km stretch of 
the upper Waiau Toa/Clarence River. This 26km stretch of trapping along the Waiau Toa/Clarence 
River is now classed as the treatment zone for the following five seasons. Co-funded by Environment 
Canterbury (ECan), DOC, Land Information New Zealand (LINZ, manged by Boffa Miskell), and the 
Canterbury Water Management Strategy Kaikǁura Zone Committee, this project aims to test 
whether a new combination and layout of localised predator control, weed control and physical 
habitat (island) enhancement could significantly improve breeding success of terns on an increased 
number of colonies that receive this management.  

Work began on the second five-year management programme in winter 2020. A new predator 
trapping regime was designed in 2020 and implemented in June 2021, which covered both sides of a 
26 km stretch of river (classed as the treatment zone). Habitat enhancement work was carried out 
prior to the start of the tern nesting season in 2021 and 2022, with the intentions of forming five to 
six different colony sites within the treatment zone. Enhancements included increasing island height, 
clearing broom [Sarothamnus scoparius] and other weeds, increasing channel width and depth, and 
maintaining the disconnection between colony islands and mainland. The aim of these 
enhancements was ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ ǊŜǎƛƭƛŜƴŎŜ ƻŦ ŀƴ ƛǎƭŀƴŘΩǎ ǎǘǊǳŎǘǳǊŜ ǘƻ ǿƛǘƘǎǘŀƴŘ ƭŀǊƎŜ ŦƭƻƻŘǎΣ 
provide a larger area of suitable nesting gravels within the treatment zone, and prevent incursions of 
mammalian predators onto islands. Two additional islands previously enhanced in other seasons 
required no further maintenance this season resulting in seven enhanced islands available for tern 
use within the treatment zone for the start of the 2022/23 season. 

Chick shelters were also added to all island and mainland colonies within the treatment zone. This 
was to provide newly hatched chicks with shelter from intensive heat conditions and aerial 
predators. 

This report provides a summary of the results of the second monitoring season of the current five-
year tern project (2021/22- 2025/26). The results of various habitat enhancement and predator 
control work carried out at treatment zone colonies over the past 12 months are reported on, 
together with tern breeding success results from the 2022/23 breeding season. Recommendations 
for future tern conservation efforts are also provided. 

2. METHODS 

2.1 Habitat enhancement  

2.1.1 Modification of islands and weed control 

Using the knowledge gained from previous monitoring undertaken across five breeding seasons, five 
islands on the Waiau Toa/Clarence River within the 26 km stretch of river managed by predator 
control were chosen for island enhancements (Figure 1). Island priority selection was based on 
previous favourability to nesting terns, available access, enhancement work required, and native 
riverbed flora growing on islands. Modification of islands was based on the guidelines A quick guide 
to creating bird nesting islands produced by ECan and DOC (Appendix 1). 
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Figure 1.      Location of enhanced islands along the Waiau Toa/Clarence River 2022/23. Green circles 

mark the location of Swimming Hole όƭŜŦǘύ ŀƴŘ aƛǘŎƘŜƭƭΩǎ όǊƛƎƘǘύ LǎƭŀƴŘǎ where further 
island enhancement were not necessary following on from the previous season. 

From 28 March to 1 April 2022, Lott Contractors Ltd and WMIL carried out mechanical excavation 
work at five different island sites to achieve habitat improvements (Figure 1). This work was carried 
out under Resource Consent CRC160509 granted to DOC under Section 104 of the Resource 
Management Act (1991). Island enhancements included clearing, deepening, and widening river 
channels surrounding the islands, raising island heights to approximately one meter above water 
level, smoothing over the island to remove large mounds, and removing weeds and woody debris 
(see example in Figure 2). 

Enhanced island location coordinates and details on each islandΩs works are presented in Appendix 
2. A detailed report on the March/April 2022 Island enhancement was provided to DOC and ECan by 
WMIL (Connor-McClean & Bell 2021a). 

 
Figure 2.       Process of clearing invasive vegetation from an enhanced island on the Waiau 

Toa/Clarence River, 2022. 
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2.2 Predator control 

2.2.1 Trapping network overview 

The current trapping network is composed of a continuous series of more than 1,170 traps running 
in parallel down a 26 km stretch on both the true left and true right side of the Waiau Toa/Clarence 
River (Figure 3).  

These traps comprise 147 double-set DOC150 traps, 108 double-set DOC200 traps, 262 DOC250 
traps, 143 double-set SA1 traps, and 112 SA2 traps. Traps are deployed at 100 m intervals (i.e., trap 
sites) in alternating combinations along the trapping network.  

Trap sites are composed of either a DOC150 and SA1 or a DOC200 and a SA2 alternated with a single 
DOC250. A few trap sites have been re-configured to include other combinations (e.g., DOC150 and 
a SA2), where traps have been washed away in flooding. 

 
Figure 3.     Waiau Toa/Clarence River trapping network in operation during the 2022/23 field 

season. Different combinations of traps (DOC250; SA1 + DOC150; SA1 + DOC200; SA2 + 
DOC150; SA2 + DOC200) at the same location are indicated by different coloured points. 
Different habitat types are depicted by the different colouration. 

The traps are primarily situated in exotic grassland (71.8 % of traps), or in gravel/rock along the 
margins of the river (24.5 % of traps; Figure 3; Table 1). A variety of other habitat types occur in 
small patches throughout the rest of the trapping network (between 0.6 and 0.9 % of traps occur in 
a different habitat type; Figure 3, Table 1). The spatial habitat type data shown here was 
downloaded from the New Zealand Land Cover Database (version 5), a publicly available dataset via 
Manaaki Whenua Landcare Research; https://lris.scinfo.org.nz/layer/48420-vegetative-cover-map-
of-new-zealand/. We used the most recent dataset (2018) available. Use of the 2018 dataset may 
not be entirely representative of the current vegetation structure due to possible changeover in the 
last 4-5 years. Nonetheless, the 2018 vegetation map provides a best estimate for the vegetation 
type within the site. ΨDǊƻǳƴŘ-ǘǊǳǘƘƛƴƎΩ the vegetation structure in relation to the 2018 dataset was 
not done and is well beyond the feasible scope of the project. We combined sub-categories of 
vegetation types found within the trapping network into broader categories as defined in the Land 
Cover Database: 1) exotic grassland (high producing exotic grassland and low producing grassland), 
2) tussock (tall tussock grassland), 3) exotic scrub (gorse [Ulex europaeus] and/or broom), 4) native 
forest (deciduous hardwoods and indigenous forest), 5) native scrub (manuka and/or kanuka). 

https://lris.scinfo.org.nz/layer/48420-vegetative-cover-map-of-new-zealand/
https://lris.scinfo.org.nz/layer/48420-vegetative-cover-map-of-new-zealand/
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Rock/gravel occurs along the borders of the river and can be considered habitat that is in the process 
of partially transitioning into either exotic grassland, exotic scrub, and/or tussock. 

Table 1.        The number of trap types per habitat type during the 2022/23 field season. The 
percentage (%) for a particular trap type for each habitat type follows in brackets. Note, 
ŦƻǊ Ψ¢ƻǘŀƭΩΣ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ŦƻƭƭƻǿƛƴƎ ƛƴ ōǊŀŎƪŜǘǎ ƛǎ ǎǳƳƳŀǊƛǎŜŘ ŀŎǊƻǎǎ Ƙŀōƛǘŀǘ types 
(irrespective of trap type). Also note that exotic and native habitat types are abbreviated 
(E and N, respectively). The total number of traps deployed for each trap type follows its 
name in brackets. Note, DOC150, DOC200 and Steve Allan 1 traps are set as double-set 
traps at the same site. 

Trap Site 
Habitat Type 

Gravel/rock E. grassland E. scrub E. forest  Tussock N. scrub N. forest 

DOC 150 
(294) 

78 (26.5) 204 (69.4) 2 (0.7) 2 (0.7) 4 (1.4) 2 (0.7) 2 (0.7) 

DOC 200 
(216) 

46 (21.3) 168 (77.8) - - - - 2 (0.9) 

DOC 250 
(262) 

61 (23.3) 187 (71.4) 1 (0.4) 4 (1.5) 3 (1.1) 3 (1.1) 3 (1.1) 

Steve 
Allan 1 
(286) 

80 (28) 192 (67.1) 4 (1.4) 2 (0.7) 4 (1.4) 2 (0.7) 2 (0.7) 

Steve 
Allan 2 
(112) 

22 (19.6) 89 (79.5) - - - - 1 (0.9) 

Total 
(1170) 

287 (24.5) 840 (71.8) 7 (0.6) 7 (0.6) 11 (0.9) 7 (0.6) 10 (0.9) 

2.2.2 Calibration 

Prior to the opening of the traps for the field season, a series of two trap network maintenance and 
re-calibration sessions were undertaken (first session: 27 June to 1 July 2022; second session: 4 July 
to 7 July 2022). These calibration sessions involved calibrating the DOC150 and DOC200 traps to a 
ŦƛǊƛƴƎ ǿŜƛƎƘǘ ƻŦ җ млл Ǝ for DOC 150 and of җ 120 g for DOC250, as well as general cleaning and 
improved trap placement.  

Additionally, SA2 traps were raised c. 12 cm off the ground (Figure 4) to increase the angle of the 
trap to bring it closer to the National Animal Welfare Advisory Committee (NAWAC) standards 
(Morriss 2017; NAWAC 2011). Standards set by NAWAC indicate that SA2 traps should be placed 
against trees at a 45° angle (Morriss 2017; NAWAC 2011), however, this set up is not feasible within 
the treatment zone as the landscape is dominated by expansive tussock/grassland and weed species 
(e.g., broom). As cats are a major predator of the endangered tern chicks and adults, and with no 
other cat specific traps on the New Zealand market, lifting the SA2 traps via blocks of wood to their 
current position was found to be a suitable compromise. Currently, NAWAC is in the trial stage of 
testing SA2s for the efficacy on the ground (Landcare Research Manaaki Whenua, n.d). 
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Figure 4.       Example of the modification applied to Steve Allan 2 traps in the Waiau Toa/Clarence 

River trapping network. 

During the calibration sessions, the trap network was re-configured following discussions with key 
stakeholders regarding the incident near the end of the previous 2021/22 field season when one of 
ǘƘŜ ŦŀǊƳ ƳŀƴŀƎŜǊΩǎ ŘƻƎǎ ǿŀǎ ŎŀǳƎƘǘ ƛƴ ŀ {!н ǘǊŀǇ ƻƴ ǘƘŜ ǘǊǳŜ ƭŜŦǘ ǎƛŘŜ ƻŦ ǘƘŜ ǊƛǾŜǊΦ CƻƭƭƻǿƛƴƎ ǘƘƛǎ 
incident, all SA2 traps (12 in total) ǿŜǊŜ ǊŜƳƻǾŜŘ ŦǊƻƳ IƻǎǎŀŎƪΩǎ ǇǊƻǇŜǊǘȅ ƛƴ WŀƴǳŀǊȅ нлннΦ 5ǳǊƛƴƎ 
the calibration session, SA1 traps were shifted from other trap sites throughout the network and 
ŘŜǇƭƻȅŜŘ ƻƴ ǘƘŜ IƻǎǎŀŎƪΩǎ ǇǊƻǇŜǊǘȅ ǎƻ ǘƘŀǘ Ŏŀǘǎ ŎƻǳƭŘ ōŜ ǘŀǊƎŜǘŜŘ ƻǾŜǊ ǘƘŜ ŜƴǘƛǊŜ ǘǊŀǇǇƛƴƎ ƴŜǘǿƻǊk. 

2.2.3 Trapping regime 

During the 2022/23 field season, traps were baited from 18 July, prior to the onset of the tern 
breeding season. Once traps were set, trap checks and re-baiting (with fresh rabbit meat) occurred 
approximately once a fortnight until November 2022. From November 2022 onwards, traps were re-
ōŀƛǘŜŘ ǿƛǘƘ ǘƘŜ ƭƻƴƎŜǊ ƭŀǎǘƛƴƎ ΨaǳǎǘŜ-.ŀƛǘΩ όtŜǎǘ /ƻƴǘǊƻƭ {ƻƭǳǘƛƻƴǎύΣ ŀ ŦƻǊƳǳƭŀ ƻŦ ŘŜƘȅŘǊŀǘŜŘ Ǌŀōōƛǘ 
and fish oil, with trap checks occurring approximately once a month. In addition to Muste-Bait, a 
musteƭƛŘ ŀƴŘ Ŏŀǘ ƭǳǊŜ ǎǇǊŀȅΥ ΨaǳǎǘŜ-.ŀƛǘ ¦ƭǘƛƳŀǘŜ {ǇǊŀȅ /ƻƴŎŜƴǘǊŀǘŜΩ όtŜǎǘ /ƻƴǘǊƻƭ {ƻƭǳǘƛƻƴǎύ ǿŀǎ 
also applied at trap entrances to further entice mammalian pests. 

As the current (2022/23) trapping network follows predominantly the same structure and layout as 
the previous (2021/22) season, and as both field seasons have made use of the trapping database 
manager ς ΨǘǊŀǇb½Ω ς comparisons in the trapping outcomes are primarily made between these two 
field seasons. Data from previous field seasons are in Appendix 3. 

In addition to reporting catch total per species (and trap type etc.), the amount of standardised 
ΨǘǊŀǇǇƛƴƎ ŜŦŦƻǊǘΩ ƛǎ ŀƭǎƻ ǊŜǇƻǊǘŜŘΦ {ǘŀƴŘŀǊŘƛǎŀǘƛƻƴ ƻŦ ǘǊŀǇǇƛƴƎ ŜŦŦƻǊǘ ŜƴŀōƭŜǎ ƳƻǊŜ ǇǊŜŎƛǎŜ 
comparisons between differing trapping networks, for example when trapping networks differ by 
the number of traps deployed, frequency of checks etc. Trapping effort is calculated as the number 
of catches per 100 trap nights (Equation 1).  

Equation 1.             ὧὥὸὧὬὩί ὴὩὶ ρππ ὸὶὥὴ ὲὭὫὬὸί  
 

   
 ρππ 

Where trap nights are calculated as the number of nights elapsed between trap checks. When an 
animal was found to have been caught on a following trap check, (or if the trap is sprung but nothing 
was caught) the number of trap nights for that trap is halved for that interval. Halving the number of 
trap nights during these instances is common practice and follows DOC best practice (King, 1994), 
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though it should be noted that it is unknown when during the interval the trap was sprung. The 
number caught refers to any taxonomic level (e.g., mammals, a particular species, pest species in 
general, etc.) 

2.2.4 1080 operation by OSPRI 

During October 2022, OSPRI carried out an aerial sodium fluoroacetate (1080) operation targeting 
ǇƻǎǎǳƳǎ ǿƛǘƘƛƴ ǘƘŜ Ψ!ŎƘŜǊƻƴ 9ŀǎǘ ōƭƻŎƪΩ όFigure 5), as part of ongoing possum control program 
Ψ¢.ŦǊŜŜΩ ǘƻ ǇǊŜǾŜƴǘ ǘƘŜ ǎǇǊŜŀŘ ƻŦ ōƻǾƛƴŜ tuberculosis (OSPRI 2022). The operational area borders the 
down-stream section of the trapping network, north of the Waiau Toa/Clarence River (Figure 5) and 
may have influenced the pest species caught within this section of the trapping network. We 
summarise the number of mammalian pest species caught before (July to September), during 
(October) and after (November to February) the 1080 operation from those traps located within the 
operational area (CL198 to CL264) and compare with those traps located approximately parallel on 
the opposite side of the river (CR195 to CR256) as a proxy to how the 1080 operation may have 
affected predator capture. Comparing these two parallel sections of the river assumes that each side 
acts independently of the other. However, this assumption does ignore the possibility of predators 
crossing the river. With this assumption in mind, we also assume the effects of secondary poisoning 
are likely to be localised on the operated side and thus reflect a reduction in captures. 

 
Figure 5.       Map of the Waiau Toa/Clarence trapping network that overlapped with the October 

2022 OSPRI 1080 operational area. Trap sites circled in yellow on the true left (CL) of the 
river indicate those that were within the operational area (trap sites CL198 to CL264). 
Trap sites highlighted on the true right (CR) of the river indicate trap sites (CR195 to 
CR256) that were approximately parallel to the traps within the operational area.  

2.3 Black-fronted tern nesting 

2.3.1 River surveys 

2.3.1.1 Walk-through surveys 

Walk-through surveys were carried out along the rivers during mid-October to early November 2022, 
to locate tern nesting colonies. During these surveys a single observer walked along the bed of the 
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river scanning un-vegetated gravel beaches and islands for terns. Each time a concentration of adult 
terns was found, the observer would walk through the area the terns were frequenting to check 
whether the birds showed any defensive behaviours. If defensive behaviours were observed (e.g., 
dive-bombing, alarm-calling or general agitated behaviour) the observer would then search the 
ƎŜƴŜǊŀƭ ŀǊŜŀ ŦƻǊ ŀŎǘƛǾŜ ƴŜǎǘǎ ƻǊ ŦǊŜǎƘƭȅ ŘǳƎ ΨǎŎǊŀǇŜǎ.Ω hƴŎŜ ƴŜǎǘǎ ƻǊ ŦǊŜǎƘ ǎŎǊŀǇŜǎ ǿŜǊŜ ŦƻǳƴŘΣ ǘƘŜ 
location of the colony site was then recorded using a Garminϰ GPSmap 64st handheld GPS unit so 
that the colony could be re-located easily during subsequent visits.  

As the breeding season progressed, several short sections of riverbed were also re-surveyed in 
response to colony failures, to check for new colonies formed by birds re-locating from failed 
colonies and attempting to re-nest.  

Areas targeted included gravel islands and areas where black-fronted terns had previously colonised. 

2.3.1.2 Helicopter survey 

A helicopter survey was carried out along the upper rivers on 8 November 2022. The survey flight 
began from Lake Tennyson and travelled towards the end of the treatment zone downstream of the 
confluence, then flew to Severn shelter and continued down the Wakaputawatea/Acheron River 
until reaching the confluence.  

The helicopter flew 20-30 ms above the ground at a speed of 30 knots to flush terns from their nests 
along the braided river. During this survey two observers counted the number of terns seen flying 
along the river along with a population count at each colony. Colony counts involved the helicopter 
hovering off to the side of the colony so the best angle to count all birds was achieved. The average 
count from each observer was recorded. Each observer covered one side of the helicopter during 
the survey, recording numbers on a sheet of paper that was tallied up at the end of the survey. A 
Garminϰ GPSmap 64st handheld GPS unit was used to identify locations of pre-existing colonies and 
to mark any new colonies found. 

2.3.2 Nest and chick monitoring 

Once a nesting colony had been located, it was then re-visited one to two times each week until 
either all active nests had failed, or the last chick had fledged. During each check an observer would 
walk slowly through the colony, locating nests either by systematically scanning the ground or by 
observing terns returning to nests after being disturbed. Once found, each nest was given a unique 
identification number, and its location was recorded using a handheld GPS unit and entered onto 
άaŜǊƎƛƴ aŀǇǎέ app which was used as a database throughout the season. A small rock cairn was 
then erected approximately 1 m away in a downstream direction to assist with its re-location during 
subsequent visits. Each time the nest was checked, the status and contents of the nest was recorded 
onto the Mergin App. Nests were re-checked until they either failed, or the chicks had wandered 
away from the nest site. For screenshots of the app used, refer to Appendix 5.  

During each colony visit, records were kept of the numbers of chicks and fledglings seen at each 
colony, to provide a conservative estimate of the number of chicks that successfully fledged from 
each colony. 

2.3.3 Nest camera monitoring 

At each colony, a sample of nests were chosen for camera surveillance to identify the causes of any 
failures that occurred at these nests, to quantify the relative impacts of various predators on tern 
hatching success, and to monitor chick shelter use. A minimum requirement of 10% of nests at each 
colony had cameras deployed at any one time. Within colonies, the nests at which cameras were set 
up were arbitrarily selected. Preference was given to filming nests situated on the mainland where 
these occurred, due to the higher likelihood that these nests would be depredated compared to 



Waiau Toa/Clarence and Wakaputawatea/Acheron River tarapirohe/black-fronted tern monitoring project 
2022/23 operational report 

 

 

WMIL: Connor-McClean et al. 2023 
 

9 9 9 

 

nests situated on islands. Cameras were only set up on nests containing two-egg clutches to reduce 
the risk of birds abandoning incomplete clutches in response to the presence of the camera. At each 
selected nest, a Browning Dark Ops Pro XD (BTC-6PXD) trail camera was mounted on a 0.4-m tall 
wooden stand approximately 1 m from the nest (Figure 6). Stands were anchored down with large 
river stones to prevent them from tipping over in the wind, during minor floods or when knocked by 
livestock. Each camera was powered by six AA batteries and an external Browning solar panel 
charger and was equipped with a 32 GB SD memory card. These cameras were programmed to take 
three photos each time the motion sensors were activated in response to movement around the 
nest (Appendix 6Appendix 6: Browning Dark Ops Pro XD (BTC-6PXD) trail camera settings.). 

Cameras were checked at least 1-2 times per week and usually remained at the nest until it either 
failed or hatched. Cameras were temporarily retrieved if large amounts of rain were predicted to 
prevent them from being washed away.  

 
Figure 6.       Nest camera set up on a black-fronted tern nest along the Waiau Toa/Clarence River, 

2019. 

2.3.4 Nest success analysis 

Nest success (defined here as the proportion of clutches laid that hatched chicks) was calculated 
using apparent (observed) nest success. This was determined by calculating the proportion of nests 
monitored that successfully hatched one or more chicks. This measure of nest success has been 
reported for this tern population in previous years (Bell 2013, Bell & Mischler 2014, Bell 2015, Bell & 
McArthur 2016, Bell et al. 2018, Bell & Harborne 2019, Connor-McClean & Bell 2020, Connor-
McClean et al. 2022), and has continued to be used so that comparisons with previous seasons can 
be made. Apparent nest success is also used as a measure of shorebird breeding success (e.g., 
Rebergen et al. 1998, Sanders & Maloney 2002). 

2.3.5 Historical comparison data changes 

Historical data comparison tables between seasons were recalculated to maintain consistency 
between PƘŀǎŜ м ŀƴŘ н ŘŀǘŀΦ ¢ƘŜ Ƴŀƛƴ ŎƘŀƴƎŜ ǿŀǎ ǘƻ ŎŀǘŜƎƻǊƛǎŜ άǘǊŜŀǘƳŜƴǘέ ŎŀƭŎǳƭŀǘƛƻƴǎ ŀǎ 
ΨǘǊŀǇǇŜŘ ƛǎƭŀƴŘ nests όŜȄŎƭǳŘƛƴƎ ƳŀƛƴƭŀƴŘ ƴŜǎǘǎύΩ ŀƴŘ άƴƻƴ-ǘǊŜŀǘƳŜƴǘέ ŀǎ Ψƴƻƴ-trapped island nests 
and ŀƭƭ ƳŀƛƴƭŀƴŘ ƴŜǎǘǎΦΩ ¢Ƙƛǎ ǿŀǎ ŘƻƴŜ ōȅ ƎƻƛƴƎ ǘƘǊƻǳƎƘ ŜŀŎƘ ǎŜŀǎƻƴΩǎ ƴŜǎǘ Řŀǘŀ ǎƘŜŜǘǎ ŀƴŘ 
recalculating treatment island total nest counts, hatching success, failed percentages, predation, 
flooding and abandonment numbers and percentages. All mainland nests were separated and added 
ƻƴǘƻ ǘƘŜ άƴƻƴ-ǘǊŜŀǘƳŜƴǘέ ǇǊŜ-existing numbers to calculate new percentages. Upper Swimming 
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ƘƻƭŜ Ŏƻƭƻƴȅ ƴŜǎǘǎ ǿŜǊŜ ŀƭƭ ŀŘŘŜŘ ǘƻ άƴƻƴ-ǘǊŜŀǘƳŜƴǘέ ŦƻǊ tƘŀǎŜ мΦ CƭŜŘƎƭƛƴƎ ƴǳƳōŜǊǎ ŦƻǊ ŜŀŎƘ 
treatment colony was recalculated and adjusted. All Upper Swimming hole fledgling counts in Phase 
м ǿŜǊŜ ŀŘŘŜŘ ǘƻ άƴƻƴ-ǘǊŜŀǘƳŜƴǘΩ ǘƻǘŀƭǎΦ bŜǿ ǘƻǘŀƭǎ ǿŜǊŜ ŎǊŜŀǘŜŘΣ ŀƴŘ ŜŀŎƘ ŎƻƳǇŀǊƛǎƻƴ ǘŀōƭŜ ǿŀǎ 
updated.  

2.4 Banding and resighting 

2.4.1 Kņhu banding 

Nest predation by ƪņƘǳ is known to have a significant impact on breeding terns (Bell & Harborne 
2019). However, little is known on the population of ƪņƘǳ around the Waiau Toa/Clarence River and 
the percentage of nests that are predated by different birds. To understand the extent of nest 
predation behaviour in the local ƪņƘǳ population on tern nests a capture and banding scheme was 
organised. This is the second season of capturing and banding ƪņƘǳΦ Refer to Connor-McClean et al. 
(2022) for the previous seasonΩs results. 

From 22 to 25 August 2022, a total of 21 funnelled ƪņƘǳ cage traps were set up along a 40 km 
stretch of the upper Waiau Toa/Clarence River from the furthest upstream known black-fronted tern 
colony to the confluence (Figure 7). Traps were spaced approximately 2 km apart from each other 
and about 30-100m from the roadside, and baited with possum, lamb, or rabbit carcasses (Figure 8). 
The 40 km stretch of river with ƪņƘǳ traps was driven up to six times per day. Where traps were 
thought to be ineffective, they were moved to other potentially more suitable locations. 

 
Figure 7.      Kņhu trap locations along Waiau Toa/Clarence River (22 to 25 August 2022). 
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Figure 8.       Baited kņhu trap setup in the Molesworth Recreational Reserve, Waiau Toa/Clarence 
River, August 2022. 

Captured ƪņƘǳ were retrieved from the cage traps and banded with a metal unique ID L-sized band 
along with a plastic individually numbered white darvic band to make field identification of 
individuals easier (Figure 9). YņƘǳ were then weighed, aged, and sexed before being released (under 
permit through the DOC contract DOC-6744957). All banding was conducted under the supervision 
of a certified level three bander (Mike Bell, Toroa Consulting).  

To maintain animal welfare standards, traps were closed overnight or during the day if harsh 
weather conditions were forecast.  

 
Figure 9.      Darvic and metal bands on kņhu in the Molesworth Recreational Reserve, Waiau 

Toa/Clarence River. 
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2.4.2 Black-fronted tern banding 

2.4.2.1 Adults 

From November to December 2022, tern banding took place at several large colonies along the 
upper Waiau Toa/Clarence River under permit through the DOC contract DOC-6744957.  

Terns were captured using drop traps. At any one time, a maximum of two drop traps were set over 
nests with two eggs (Figure 10). When a bird was captured, an observer instantly collected the bird, 
placed it into a bird bag, and carried it to the banding station. The bird was weighed, then carefully 
removed from the bag and banded with a metal band and yellow flag with an ID code. The birdΩs 
wing length was measured, then the bird was released.  

 Figure 10. Drop traps set up over black-fronted tern nests on the Waiau Toa/Clarence River, 2022. 

2.4.2.2  Chick banding 

Between 15 and 17 December 2022, all colonies were visited for chick banding under permit through 
the DOC contract DOC-6744957. All banding was supervised by two level three banders (Patrick 
Crowe [DOC], and Biz Bell [WMIL]). 

At each colony a walk-through survey took place from the down-stream end of the island to the top. 
This ensured that any chicks in the water were caught before they were swept away. Any chicks 
found were caught by hand or with nets and were banded with metal bands (Figure 11). Chicks were 
then released back under a large rock to shelter (around 15 m away from the group of people), or 
ǎŀŦŜƭȅ ŀǿŀȅ ŦǊƻƳ ǘƘŜ ǊƛǾŜǊΩǎ ŜŘƎŜ ŜƴǎǳǊƛƴƎ ƴƻ ŎƘƛŎƪǎ ǿŜǊŜ ǘŜƳǇǘŜŘ ǘƻ Ǌǳƴ ƛƴǘƻ ǘƘe fast-flowing 
water. 

 
Figure 11. Black-fronted tern chick being banded by Keegan Miskimmin (WMIL) under the close eye 

of Level 3 bander, Patrick Crowe (DOC) on the Wakaputawatea/Acheron River, 2022. 
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2.4.3 Band resighting 

2.4.3.1 Black-fronted terns 

At the beginning of the breeding season (early October), clusters of terns are found resting on 
islands before nesting begins. This is the most suitable time to observe previously banded bird flags 
through binoculars or by photograph. Any flag identified was recorded along with its location and 
date. This data was then uploaded onto the FALCON database (NZ bird banding database; 
https://app.birdbanding.doc.govt.nz/) under the Black-fronted tern study project. 

Nest camera footage was the most effective, non-invasive way to identify bird bands, when adults 
landed at the nest or walked in front of the camera (Figure 12). Several banded terns were also 
recaptured during adult tern banding trips in November and December 2022. 

     
Figure 12. Yellow flag resighting (KE) shown in enlarged photograph at Upper Swimming Hole (CA), 

27/11/2022, Waiau Toa/Clarence River. This bird was previously banded in 2016 as a chick 
at Swimming Hole Colony, Waiau Toa/Clarence River.  

2.4.3.2        YņƘǳ 

¢ƘŜ Ƴƻǎǘ ŜŦŦŜŎǘƛǾŜ ǿŀȅ ǘƻ ǊŜǎƛƎƘǘ ƪņƘǳ ŘǳǊƛƴƎ the season was by using trail cameras at nests which 
ƪņƘǳ ƘŀǾŜ ōŜŜƴ ǇǊŜǾƛƻǳǎƭȅ ƪƴƻǿƴ ǘƻ ǇǊŜŘŀǘŜΦ  

KņƘǳ cage catching trips were also an effective way of recapturing previously banded birds. 

2.5 Chick shelters 

Two styles of chick shelters built from plywood were incorporated into the 2021/2022 black-fronted 
tern monitoring season. A total of 20 A-frame and 40 flat-roof chick shelter designs were built and 
distributed throughout treatment zone colonies during the 2022/23 season (Figure 13).  

 

https://app.birdbanding.doc.govt.nz/
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Figure 13. Chick shelter designs incorporated into the 2022/23 black-fronted tern breeding season 
on the upper Waiau Toa/Clarence River. Shelter A shows the A-frame design and 
measurements used. Shelter B shows the flat-roof design and measurements used. 

Once a tern nest with two eggs reached around day 20 of incubation, a chick shelter was deployed 
about 0.5m away from the nest and secured down by heavy rocks to prevent it from being blown 
away by strong winds or washed out by minor floods (Figure 14). Nests were then watched from a 
distance to ensure the nesting terns would return to their nests comfortably.  

Many chick shelters were in view of monitoring nest cameras to capture footage of chick behaviour 
around these shelters after hatching. 

Figure 14.     Trail camera footage showing A-frame (left) and flat-roof chick shelters (right) deployed 
near active black-fronted tern nests along the upper Waiau Toa/Clarence River during 
the 2022/23 breeding seasons. 

3. RESULTS 

3.1 Enhanced islands 

Leading up to the start of the 2022/23 season, all available enhanced islands were suitable breeding 
islands (this included both aƛǘŎƘŜƭƭΩǎ and Swimming Hole Island which had no enhancement work 
carried out in March/April 2022). 

During the winter of 2022, river flow rates were irregular, peaking at 106 m3/second and reaching 
above 50 m3/second during four different flooding events (Figure 15). Whilst these floods would 
have put a high pressure on the braided river formation, all the enhanced islands managed to 
withstand the pressure and keep their general form throughout the winter period. This compares to 
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the 2021 winter where river flow rates passed 150m3/second on three separate occasions, peaking 
at 205 m3/second (Figure 15). This resulted in only two enhanced islands maintaining their form. 

 

Figure 15.      Comparison of average daily flow rates on the Waiau Toa/Clarence River during the 
months of May to October in 2021 and 2022. 

However, whilst enhanced island conditions were in acceptable states on 1 October 2022, 
throughout the 2022/23 season, decreasing river flow rates and increasing vegetation growth 
caused several islands to decrease in nesting suitability (Table 2). Sections in the river channels 
surrounding several islands dried up, and vegetation growth on a couple of islands may have been 
ŘŜŜƳŜŘ ǳƴŦŀǾƻǳǊŀōƭŜ ǘƻ ƴŜǎǘƛƴƎ ōƛǊŘǎ ǊŜǎǳƭǘƛƴƎ ƛƴ ǎŜǾŜǊŀƭ ƛǎƭŀƴŘǎ ǘƻ ƭƻǎŜ ǘƘŜƛǊ άŜƴƘŀƴŎŜŘέ ǎǘŀǘǳǎ ōȅ 
the time the season ended (Figure 16 & Figure 17). 

Figure 16.    Comparison between Lower Bush Gully enhanced island on 1 Oct 2022 at 15 m3/second 
(left), and 13 January 2023 at 3.4 m3/second (right). 

Figure 17.    Comparison between Swimming Hole enhanced island on 1 Oct 2022 at 15 m3/second 
(left), and 13 January 2023 at 3.4 m3/second (right). Low river flow and vegetation 
ŎƻǾŜǊŀƎŜ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǎŜŀǎƻƴ ŘƛƳƛƴƛǎƘŜǎ ǘƘŜ ƛǎƭŀƴŘΩǎ ŜƴƘŀƴŎŜŘ ǾŀƭǳŜΦ 
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Table 2. Condition of enhanced islands on the Waiau Toa/Clarence River at the end of the 2022/23 season and maintenance required. Note, red= top 
priority, orange= mid-priority, yellow= low priority, green= no enhancement work required. 

River Code Site Condition at end of 2022/23 season Maintenance Required 
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C1 
Upper 

Swimming 
Hole 

Island remains in good condition. Channels wider than 3 m on either side at 
minimal river flow levels keeping island separated from the mainland. In 
areas, water is shallow with several stepping-stones. Parts of area 
vegetated with grasses and woody debris, however, terns appeared to 
favour nesting in these areas. Island raised above medium flood levels. 

True left channel of island could be re-cleared 
and deepened.  

C2 Cow Island 

Island remains surrounded by wide channels at low water flow except for 
one small stepping-stone island. Island height raised to avoid moderate to 
high floods. Small, vegetated patch on the island used by fledglings to hide 
in. Large amount on available nesting habitat. 

True left channel of island could be cleared 
and widened to eliminate shallow gravel 
islands and stepping-stones. 

C3 Eddy's Inlet 

True left side of island dried up and attached to the mainland during low 
flow. The end of the "channel" at downstream end of island is relatively 
built-up providing stepping-stone pathways across to island during higher 
water flow. No vegetation on island. Island raised enough to avoid 
moderate to high flood events. 

True left channel needs to be opened at the 
top of the island and cleared through to the 
bottom of the island. 

C4 
Upper Bush 

Gully 

True right channel of island dried up during low flow connecting island to 
mainland. Upper end of island has been flattened over. Island elevation 
raised at downstream end. No vegetation on island. 

True right channel needs to be opened and 
cleared through. Upper end of island needs to 
be raised higher. 

C5 
Bridge 
Island 

True left channel thins out during very low flow. Island surface has 
vegetation sprouting. Island surface is quite silty creating good conditions 
for vegetation growth- difficult to maintain. Overall, still maintains a good 
percentage of nesting habitat. 

Weed spraying could occur here. River flow 
could be evened out at the top of the river. 
However, when river flow is low, it will 
inevitably thin out. 

A 
Swimming 

Hole 

Channel remains surrounding island during low river flow. Island is now 
heavily vegetated with grasses, broom, and other smaller plants. Island 
surface is silty, creating a good environment for vegetation growth which is 
difficult to clear. Island raised above moderate to high river flow events. 

Island needs to be cleared or vegetation 
sprayed.  

B Mitchell's 
Island remains surrounded by wide channels at low water flow. Island 
contains a suitable amount of nesting habitat. Island raised above medium 
to high river flow events. 

No maintenance required. 
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3.2 Predator control 

3.2.1 Summary overview 

Over the course of 201,556 total trap nights, a total of 766 mammalian predators were caught in kill 
traps along the upper Waiau Toa/Clarence River during the 2022/23 field season, resulting in a catch 
rate of 0.38 captures per 100 trap nights. This included 17 feral cats, 11 ferrets, 520 hedgehogs, 77 
mice, 11 possums, 18 rats, 38 stoats, and 74 weasels (Table 3). Each trap type caught a mixture of 
predator species (Table 3). Higher rates of predators were caught in DOC250 traps, followed by 
double-set DOC200 and double-set DOC150. Double-set SA1 and SA2 traps caught substantially 
fewer than all other traps, in particular SA2 traps caught a fifth of the numbers caught by SA1. 
However, SA2 traps performed similarly in catching cats (the targeted species for this trap type).  

For species that are specifically targeted by the trapping network (mustelids, cats, and hedgehogs), 
the rate of capture for a particular trap was lowest for ferrets (0.005 captures per 100 trap nights) 
and highest for hedgehogs (0.258 captures per 100 trap nights; Table 4). 

Table 3. Total number of mammalian predators caught in kill traps during the 2022/23 field 
season. The total number of traps deployed follows each trap type in brackets. Note, 
DOC150, DOC200 and Steve Allan 1 traps are set as double-set traps at the same site. 

Predator 
Trap type 

DOC 150 
(294) 

DOC 200 
(216) 

DOC 250 
(262) 

Steve Allan 1 
(286) 

Steve Allan 2 
(112) 

Total (1170) 

Cat 2 3 5 3 4 17 

Ferret 1 1 3 4 2 11 

Hedgehog 102 157 180 74 7 520 

Mouse 25 32 20 - - 77 

Possum - 6 2 1 2 11 

Rat 5 6 7 - - 18 

Stoat 15 7 13 1 2 38 

Weasel 34 18 22 - - 74 

Total 184 230 252 83 17 766 

Table 4. The rate of capture (number of catches per 100 trap nights) for each mammalian 
predator for each trap type during the 2022/23 field season. The total number of traps 
nights per trap type follows each trap type in brackets. Note, DOC150, DOC200 and Steve 
Allan 1 traps are set as double-set traps at the same site.  

Predator 

Trap type 

DOC 150 
(51,000) 

DOC 200 
(35,797.5) 

DOC 250 
(42,726) 

Steve Allan 
1 (51,632) 

Steve Allan 
2 

(20,029.5) 

All traps 
combined 
(202185) 

Cat 0.004 0.008 0.012 0.006 0.019 0.008 

Ferret 0.002 0.003 0.007 0.008 0.010 0.005 

Hedgehog 0.200 0.439 0.421 0.143 0.033 0.257 

Mouse 0.049 0.089 0.047 - - 0.038 

Possum - 0.017 0.005 0.002 0.010 0.005 

Rat 0.010 0.017 0.016 - - 0.009 

Stoat 0.029 0.020 0.030 0.002 0.010 0.019 

Weasel 0.067 0.050 0.051 - - 0.037 
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Table 5.    The number of species caught per habitat type during the 2022/23 field season. 
Percentage (%) caught for a particular species for each habitat type follows the catch 
numbers in parentheses. The percentage (%) of traps located within a particular habitat 
(and thus the expected frequency of capture relative to the number of available traps) is 
listed after habitat type in parentheses. bƻǘŜΣ ŦƻǊ Ψ¢ƻǘŀƭΩΣ ǘƘŜ ǇŜǊŎŜƴǘŀƎŜ ŦƻƭƭƻǿƛƴƎ ƛƴ 
brackets is summarised across habitat types (irrespective of species). Also note that 
exotic and native habitat types are abbreviated to E. and N., respectively.  

Predator 
Habitat type 

Gravel/rock 
(24.5) 

E. grassland 
(71.8) 

E. scrub 
(0.6) 

E. forest 
(0.6) 

Tussock 
(0.9) 

N. scrub 
(0.6) 

N. forest 
(0.9) 

Cat 3 (17.6) 12 (70.6)  - - - - 2 (11.8)  

Ferret - 11 (100) - - - - - 

Hedgehog 90 (17.3) 409 (78.7) 3 (0.6) 6 (1.2) 9 (1.7) 2 (0.4) 1 (0.2) 

Mouse 17 (22.1) 58 (75.3) - - 1 (1.3) - 1 (1.3) 

Possum 2 (18.2) 9 (81.8) - - - - - 

Rat 2 (1.1) 15 (83.3) - - - - 1 (5.6) 

Stoat 9 (23.7) 27 (71.1) 1 (2.6) - - 1 (2.6) - 

Weasel 24 (32.4) 48 (64.9) - - 1 (1.4) 1 (1.4) - 

Total 147 (19.2) 589 (76.9) 4 (0.5) 6 (0.8) 11 (1.4) 4 (0.5) 5 (0.7) 

3.2.2 Effect of 1080 operation on pest species 

There were no noticeable differences in the number of pest species caught before, during or after 
the 1080 operation (Table 6) when comparing the parallel sides of the river. For most species, there 
tended to be higher numbers caught after the 1080 operation, which is likely due to changes in 
breeding behaviour and activity patterns coinciding with warmer temperatures. The only noticeable 
difference was the reduction in hedgehog captures in the months following the 1080 operation, all 
other species appeared unaffected based on this data. 

Table 6. Catches of mammalian pests before (July to September), during (October), and after 
(November to February) the 1080 operation that occurred during the 2022/23 field 
season. Note, catch data from the true left side of the Waiau Toa/Clarence River 
includes only traps that were inside the 1080 operation boundary (from CL198 to CL264). 
Catch data from the true right of the river are from traps (from CR195 to CR256) that 
were approximately parallel in their geography to the traps contained within the 1080 
operational area.     

Predator 
True left (1080 side) True right (non 1080 side) 

Before During After Before During After 

Cat - - 2 1 - 3 

Ferret 1 - 2 1  1 

Hedgehog 4 18 40 12 6 72 

Mouse 1 - 3 3 - 1 

Possum 2 1 - - - 3 

Rat 3 - 1 - 1 - 

Stoat 1 - 2 1 - - 

Weasel 2 - 4 3 1 3 

Total 14 19 54 21 8 83 
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3.2.3 Target species overview 

3.2.3.1 Cats 

Cats were caught across all trap types in the trapping network. Among trap types, SA2 traps had the 
highest rates of catching cats at more than double the rate of SA1 traps. Among the DOC series 
traps, DOC250 traps caught a greater number of cats compared to the SA series and caught at 
double the rate of SA1 traps. Catch numbers and catch rates of DOC150 and DOC200 traps 
compared to SA1s were also similar. Between field seasons, the capture rate was relatively similar 
until summer (January to February), where capture rates substantially increased in the 2022-23 
season (Figure 18). Most cats were caught in exotic grassland, with a handful caught in gravel/rock 
and native forest (Figure 19). However, traps within native forest caught relatively high numbers of 
cats when considering their low availability whereas cats caught in exotic grassland and gravel/rock 
were caught at either similar or lower proportions relative to trap availability, respectively (Table 5).  

 
Figure 18. The rate of capture (catches per 100 trap nights) per month for cats during the 2022/23 

and 2021/22 field seasons along the Waiau Toa/Clarence River. 

 
Figure 19. Number and location of cats caught along the Waiau Toa/Clarence River during the 

2022/23 field season. The size of points indicates the number caught at a particular trap 
site. Broad habitat types are shown in different colours.  
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3.2.3.2 Mustelids: ferrets, stoats, and weasels 

The majority of ferrets were caught in SA1 and DOC250 traps but SA2 traps caught ferrets at a 
slightly higher rate (Table 3). All trap types caught at least one ferret during the 2022/23 field season 
(Table 3). Capture rates for ferrets appeared to show a similar pattern between field seasons, high 
during trap opening, followed by a drop, and then peaking the month after, albeit the pattern has 
shifted by a month later during the current field season. Interestingly, ferret capture rates ranged 
between double and triple throughout the season compared to the previous season. After 
November, ferret captures continued to decline until the trapping network closure, whereas in the 
previous season ferret captures were zero from November to January. Ferrets were only caught in 
exotic grassland, whereas stoats and weasels were caught in roughly the same proportions across in 
gravel/rock, exotic grassland, and native scrub habitat types (Table 5; Figure 21). Of the mustelids, 
only stoats were caught in exotic scrub, whereas weasels were the only mustelid to be caught in 
tussock vegetation (Table 5; Figure 21). 

 
Figure 20.  The rate of capture (catches per 100 trap nights) per month for mustelids (i.e., ferrets, 

stoats, and weasels) during the 2022/23 and 2021/22 field seasons along the Waiau 
Toa/Clarence River. 
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There were nearly double the number of weasels caught compared to stoats during the 2022/23 
season (Table 3). Only the DOC series traps caught weasels, whereas stoats were caught across all 
trap types (Table 3). Numbers of stoat captured in the 2022/23 field season were double the 
previous season (19 in 2021/22), but still a third of the 2020/21 season (92 in 2020/21). Weasel 
captures were much higher during the 2022/23 season compared to the previous two field seasons 
(29 and 32 in 2021/22 and 2020/21, respectively).  

For stoats, the rate of capture over time between field seasons tended to oscillate between similar 
values and overall tended to follow a downward trajectory until the arrival of summer where rates 
of capture jumped (Figure 20). Stoat capture rates peaked in January but remained high into 
February when compared to the rest of the 2022/23 field season. For weasels, the rate of capture 
from October to December followed a similar rate between this field season and the previous field 
season. However, capture rates during August were far above the usual rate seen (Figure 20). 
Moreover, from January until the closure of the trapping network in February weasel capture rates 
massively increased compared to the rest of the field season (Figure 20). 

 
Figure 21. Number and location of mustelids (ferrets, stoats, and weasels) caught along the Waiau 

Toa/Clarence River during 2022/23 field season. The size of points indicates the number 
caught at a particular trap site. Broad habitat types are shown in different colours.  

3.2.3.3 Hedgehogs 

Hedgehogs were the most frequently caught mammalian pest species during the 2022/23 field 
season. DOC250 traps caught the highest number, but DOC200 and DOC250 traps caught hedgehogs 
at similar rates (Table 3). Both DOC150 and SA1 traps caught hedgehogs at a much lower rate 
compared to the other DOC series traps, however SA2 traps were the least effective at catching 
hedgehogs, catching both the least and at the lowest catch rate by a significant margin (Table 3). At 
the landscape level, hedgehogs were caught throughout the trapping network. Of the trap sites that 
caught hedgehogs (271 trap sites caught hedgehogs), half caught at least one hedgehog throughout 
the field season with a few trap sites catching hedgehogs at higher rates. For instance, two trap sites 
caught eight and nine hedgehogs each. Hedgehogs were caught in all habitat types but were caught 
most often in exotic grassland (Table 3; Figure 23) at higher proportion relative to available traps. 
Traps in exotic scrub, exotic forest and tussock caught hedgehogs at the same or greater proportion 
whereas traps in gravel/rock, native scrub, and native forest caught less hedgehogs in regard to their 
availability. Interestingly, during the current field season some hedgehogs were beginning to emerge 
in August, much earlier than expected, whereas in the field season prior capture rates at the same 
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time were almost nil. By October, the 2022/23 hedgehog capture rates were similar to rates in the 
previous field season, but continued to climb and peaked a month later in November (Figure 22).  

 
Figure 22. The rate of capture (catches per 100 trap nights) per month for hedgehogs during the 

2022/23 and 2021/22 field seasons along the Waiau Toa/Clarence River. 

 

Figure 23. Number and location of hedgehogs caught along the Waiau Toa/Clarence River during 
2022/23 field season. The size of point indicates the number caught at a particular trap 
site. Broad habitat types are shown in different colours. 

3.2.3.4 Rodents: Rats and mice 

Both mice and rats were only caught in the DOC series traps during the 2022/23 field season. More 
than four times the number of mice were caught compared to rats, with the DOC200 having the 
highest catch rate for bƻǘƘ ǎǇŜŎƛŜǎΦ LƴǘŜǊŜǎǘƛƴƎƭȅ ŎŀǇǘǳǊŜǎ ƻŦ Ǌŀǘǎ ŦƻƭƭƻǿŜŘ ŀ ƴŜŀǊƭȅ ǎȅƳƳŜǘǊƛŎŀƭ ΨǳΩ-
shaped pattern throughout the season, decreasing through August to October and dropping to zero 
in November. After November the catch rate steadily increased until traps were closed for the season, 
almost mirroring the rate observed prior to November (Figure 24). The trapping network (except for 
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the 2019/20 field season) typically catches either none or very few (up to two) rats each field season, 
making this field season highly unusual.  

Mice catches were low from trap opening onwards until October which was similar to what occurred 
during the previous field season. After October, the catch rate of mice jumped considerably and 
continued to climb until it peaked in February (Figure 24). Across different habitat types, mice were 
caught in similar proportions to available traps, whereas rats were caught in exotic grassland and 
native forest in greater number relative to available traps. Traps located in gravel/rock habitats caught 
rats are very low frequency relative to the number of traps.   

 
Figure 24. The rate of capture (catches per 100 trap nights) per month for rodents (rats and mice) 

during the 2022/23 and 2021/22 field seasons along the Waiau Toa/Clarence River. 

 

Figure 25. Number and location of rodents (mice and rats) caught along the Waiau Toa/Clarence 
River during 2022/23 field season. The size of point indicates the number caught at a 
particular trap site. Broad habitat types are shown in different colours. Note: all rats 
caught were ship rats (R. rattus). 
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3.2.3.5 Possums 

The DOC200 traps caught the most possums and at more than double the rate compared to most 
other traps. Moreover, when compared to SA2 traps, DOC200 traps caught triple the number and at 
a rate that was nearly double. Excluding the DOC200 traps, all other traps caught a similar number of 
possums. 

In the previous field season, rates of capture for possums peaked in July (same month that traps were 
opened), whereas in the current field season, the peak occurred in November (Figure 26). Excluding 
July of the previous year, capture rates tended to follow the same general patterns between field 
seasons (Figure 26). Possums were caught by traps only located in either gravel/rock or exotic 
grassland. In proportion to the number of traps within each habitat type, catches in exotic grassland 
comprised the majority of possum catches, whereas traps in gravel/rock caught relatively fewer. 

 

Figure 26. The rate of capture (catches per 100 trap nights) per month for possums during the 
2022/23 and 2021/22 field seasons along the Waiau Toa/Clarence River.  

 

Figure 27. Number and location of possums caught along the Waiau Toa/Clarence River during 
2022/23 field season. The size of points indicates the number caught at a particular trap 
site. Broad habitat types are shown in different colours. 
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3.3 YņƘǳ ōŀƴŘƛƴƎ 

A total of 21 birds were caught during the three days of trapping (Table 7). The catch rate in terms of 
sex was comparatively even, with eight females caught in total compared to seven new males (Table 
7). Most female birds caught were second year birds, with five second years caught compared to one 
third year (or older) and two first year birds caught (Table 7). Male birds caught were evenly spread 
between age groups (Table 7). A total of six banded birds were recaptured (Table 7). 

Table 7. ¢ƻǘŀƭ ƴǳƳōŜǊ ƻŦ ƪņƘǳ ŎŀǳƎƘǘ ŀƴŘκƻǊ ǊŜŎŀǇǘǳǊŜŘ ƛƴ ǘƘŜ aƻƭŜǎǿƻǊǘƘ wŜŎǊŜŀǘƛƻƴŀƭ 
Reserve, Waiau Toa/Clarence River, 22-25 August 2022. 

Date 
Female Male 

Total Recaptures 
Adult (3+ Yr) 2 Yr 1 Yr Adult (3+ Yr) 2 Yr 1 Yr 

23/08/2022 0 2 0 0 0 1 3 2 

24/08/2022 0 2 0 1 0 0 3 4 

25/08/2022 1 1 2 1 2 2 9 0 

Total 
1 5 2 2 2 3 

15 6 
8 7 

3.3.1 Total catch by trap 

Catch totals per trap are shown in Figure 28 and summarised in Table 7 and Table 8. Not all traps 
ŎŀǳƎƘǘ ƪņƘǳΦ /ŜǊǘŀƛƴ ƭƻŎŀǘƛƻƴǎ ǇƛŎƪŜŘ ǳǇ ƳƻǊŜ ƛƴŘƛǾƛŘǳŀƭǎ ǘƘŀƴ ƻǘƘŜǊǎΦ ¢ǊŀǇǎ ǿŜǊŜ ƳƻǾŜŘ ǿƘŜƴ ǘƘŜ 
traps were not being effective and added in-between successful site areas. These additional trap 
ƭƻŎŀǘƛƻƴǎ ŀǊŜ ǊŜǇǊŜǎŜƴǘŜŘ ǿƛǘƘ Ψ!Ω ƻǊ Ψ.Ω ŀŦǘŜǊ ǘƘŜ ǘǊŀǇ ƴǳƳōŜǊ όFigure 28). 

Table 8. ¢ƻǘŀƭ ƪņƘǳ ŎŀǇǘǳǊŜǎ ŦƻǊ each trap, including recaptures in the Molesworth Recreational 
Reserve, Waiau Toa/Clarence River, 22-25 August 2022. 

Trap Number  New Captures Recaptures Total Catch 

1   1 1 

2 4   4 

7 2 1 3 

8 1 1 2 

9 1   1 

10 1   1 

11 1 2 3 

15 3   3 

14A 2   2 

14B   1 1 

Totals 15 6 21 
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Figure 28. Location of kņhu captures for each trap in the Molesworth Recreational Reserve, Waiau 

Toa/Clarence River, 22-25 August 2022. 

3.4 Black-fronted terns 

3.4.1 Waiau Toa/Clarence and Wakaputawatea/Acheron River Surveys 

3.4.1.1 Initial walk-through surveys 

The first walk-through surveys were conducted on 19 October 2022 on the Waiau Toa/Clarence 
River in areas where terns were colonising. 

During this survey, several scrapes were found, and terns displayed behaviours of agitation at 
several colony sites, but no nests were detected. A second survey was carried out a week later in 
which the same behaviour and scrape activity was observed.  

The first nests were found on Mitchells Island (CE) on 27/10/2022 and then on Upper Swimming 
Hole (CA) on 02/11/2022. 

The Wakaputawatea/Acheron River and sections of the Waiau Toa/Clarence River were again 
surveyed on foot before the helicopter survey on 8 November 2022, with three new colonies found 
(two on the Waiau Toa/Clarence River, one on the Wakaputawatea/Acheron). 

Subsequent surveys were conducted along the Waiau Toa/Clarence River throughout the season 
where suspicious black-fronted tern behaviour occurred.  

3.4.1.2        Helicopter survey 

On 8 November 2022, a helicopter survey was undertaken. This survey covered from Lake Tennyson 
to the end of the treatment zone, downstream of the Acheron and Waiau Toa/Clarence River 
confluence and covered from Severn Shelter down to the Acheron and Waiau Toa/Clarence River 
confluence (Figure 29).  
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During the helicopter survey, 14 tern colonies were found, and estimated populations were counted 
(Table 9). Of these 14 colonies, six had not already been found due to their location and difficulty to 
access. A total of 350 terns were counted along the Waiau Toa/Clarence and 
Wakaputawatea/Acheron rivers with the largest colony count reaching 50 estimated birds (Table 9). 
For location coordinates of all colonies found, refer to Appendix 7. 

Table 9. Black-fronted tern colonies and population counts during the helicopter survey along the 
upper Waiau Toa/Clarence and Wakaputawatea/Acheron rivers during the 2022/23 
breeding season. Highlighted green colonies represent new colonies discovered on the 
helicopter survey. Note: Bridge Island was the only island where no nests/terns were 
found during ground surveys. 

River Colony Name Survey GPS Code Colony Code 
Estimated 

count 

Waiau Toa/ 
Clarence 

Nightingale Island 1 CG 30 

Seymour 2 CH 10 

Heli Colony 3 CF 15 

St James Island 4 CJ 15 

Upper Swimming Hole 5 CA 40 

Mike's rock 6 CB 8 

Fisherman's 7 CC 30 

Cow Island 8 CD 6 

Mitchell's 9 CE 3 

Upper Bush Gully 10 CI 15 

Bridge Island 11 NA 15 

Other birds seen away from colonies 65 

Total 252 

Wakaputawatea/
Acheron 

Acheron Island A AC 20 

The Zoo B AB 8 

Grader Island C AA 50 

Other birds seen away from colonies 20 

Total 98 

Combined Total 350 
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Figure 29. Locations of black-fronted tern colonies and their population size during the 2022 

helicopter survey along the Waiau Toa/Clarence and Wakaputawatea/Acheron Rivers, 8 
November 2022. 

3.4.2 Local population size and distribution of breeding colonies 

A total of 21 tern nesting colonies were located on the upper Waiau Toa/Clarence and 
Wakaputawatea/Acheron rivers this season (Figure 30, Table 10, Appendix 8). 

Colony size varied from one breeding pair to as many as 79 breeding pairs, with an average colony 
size of 15 breeding pairs (Appendix 8). 

The highest known number of terns breeding in a single colony during the previously monitored 
season (since 2012) was in the 2018/19 season where a colony of 105 pairs was monitored along the 
upper Waiau Toa/Clarence River (Bell & Harborne 2019). 

A total of 259 nests were active at the peak of the 2022/23 breeding season, which is equivalent to 
518 birds breeding at any one time (Table 10). The maximum number of active nests counted 
throughout the 2022/23 season reached 310 equating to a maximum of 620 breeding birds on the 
Waiau Toa/Clarence and Wakaputawatea/Acheron rivers (Table 11). Of this, more birds (199 
breeding pairs) were recorded on the upper Waiau Toa/Clarence than on the 
Wakaputawatea/Acheron River (111 breeding pairs) throughout the season. 

Within Phase 2, during the 2021/22 season, 241 nests were recorded (Table 11, Figure 31). There 
was a 28.6% increase in recorded nests in 2022/23 compared to the previous monitoring season 
(Figure 31). 
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Table 10.     Highest active nest and black-fronted tern counts of monitored colonies on the Waiau 
Toa/Clarence and Wakaputawatea/Acheron rivers during the 2022/23 breeding season. 
Note: Colonies that are located adjacent to each other at the same site have one 
ŎƻƳōƛƴŜŘ ΨƘƛƎƘŜǎǘ .C¢ ŎƻǳƴǘΩ ŘǳŜ ǘƻ ƛǘ ōŜƛƴƎ ƛƳǇƻǎǎƛōƭŜ ǘƻ ŘƛŦŦŜǊŜƴǘƛŀǘŜ ǿƘƛŎƘ ŀƛǊōƻǊƴŜ 
birds belong to which colony. This is noted with an * next to grouped BFT counts. 

Zone 
Colony 

Location 
River 

Colony 
Code 

Highest 
Active 
Nest 

Count 

Nest 
Date 

Highest 
Count of 

BFT 

Count 
Date 

Treatment  

Natural 
Island 

Waiau Toa/Clarence River 

CA1 5 2-Nov *48 2-Nov 

CB 8 6-Jan 16 20-Dec 

Enhanced 
Island 

CA2 
13 

17 & 29 
Nov 

*Included in 
CA1Ωǎ Ŏƻǳƴǘ 

2-Nov 

CD 16 15-Dec 40 13-Dec 

CE 4 27-Oct 25 27-Oct 

Enhanced 
Island/ 

Mainland 
CI1 1 10-Nov 3 12-Nov 

Mainland 

CA3 8 2-Nov 
*Included in 
CA1Ωǎ Ŏƻǳƴǘ 

2-Nov 

CC 24 10-Nov 50 10-Nov 

CI2 5 24-Nov 8 24-Nov 

Non-
Treatment 

Natural 
Island 

Waiau Toa/Clarence River 

CF 13 2-Dec 25 30-Dec 

CG1 22 15-Nov 50 15-Nov 

CG3 6 17-Dec 15 17-Dec 

CH1 13 17-Dec **34 13-Dec 

CJ1 11 16-Dec 22 22-Nov 

Wakaputawatea/Acheron 
River 

AA 70 15-Dec 130+ 16-Nov 

AB1 3 30-Nov 
***Included 

in AB2Ωǎ 
count 

30-Nov 

AC 10 24-Nov 30 15-Nov 

Enhanced 
Island 

No Data 
No 

Data 
No 

Data 
No 

Data 
No Data 

No 
Data 

Enhanced 
Island/ 

Mainland 
No Data 

No 
Data 

No 
Data 

No 
Data 

No Data 
No 

Data 

Mainland 

Waiau Toa/ Clarence 
River 

CG2 4 17-Dec 12 17-Dec 

CH2 4 17-Dec 
**Included 

in CH1Ωǎ 
count 

13-Dec 

CJ2 3 16-Dec 4 16-Dec 

Wakaputawatea/Acheron 
River 

AB2 16 8-Dec ***30  30-Nov 

Combined Total 21 259  542  
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Table 11.    Maximum number of nests and adult birds present on the Waiau Toa/Upper Clarence 
and Wakaputawatea/Acheron Rivers during each breeding season, 2012/13 to 2022/23. 
Note: 2020/21 has been excluded due to no monitoring being carried out this season. 
The darker shade of blue marks the beginning of the second 5-year study. 

Season 

Max number of active 
nests  

(Waiau Toa/Clarence 
River) 

Max number of active 
nests 

(Wakaputawatea/Acheron 
River) 

Combined 
max 

number of 
active nests 

Max number 
of breeding 
birds (No. of 

nests x 2) 

2012/13 177 202 379 758 

2013/14 151 209 360 720 

2014/15 154 149 303 606 

2015/16 92 93 185 370 

2016/17 275 118 393 786 

2017/18 170 137 307 614 

2018/19 211 52 263 526 

2019/20 180 32 212 424 

2021/22 185 56 241 482 

2022/23 199 111 310 620 

 

 

Figure 30.    Black-fronted tern colonies and population size along the Waiau Toa/Clarence and 
Wakaputawatea/Acheron rivers during the 2022/23 breeding season. 
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Figure 31. Maximum nest counts from 2012/13 to 2022/23 on the Waiau Toa/Clarence and 

Wakaputawatea/Acheron rivers combined (Correlation = -0.436) 

When viewing maximum nest data separated by river, trends over time display a gradual increase in 
nesting pairs on the Waiau Toa/Clarence River (P = 0.385; correlation coefficient = 0.309) whereas a 
steep decline in nesting pairs is visible on the Wakaputawatea/Acheron River (P > 0.05; correlation 
coefficient = -0.746) (Figure 32 & Figure 33). 

 
Figure 32. Maximum nest counts from 2012/13 to 2022/23 on the Waiau Toa/Clarence River 

(Correlation = 0.309). 

 
Figure 33. Maximum nest counts from 2012/13 to 2022/23 on the Wakaputawatea/Acheron River 

(Correlation = -0.746). 
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3.4.3 Use of enhanced islands 

Throughout the 2022/23 season, four of the seven enhanced islands (Upper Swimming Hole, Cow 
LǎƭŀƴŘΣ aƛǘŎƘŜƭƭΩǎ, and Bridge Island) remained as raised, non-heavily vegetated islands, with suitable 
surrounding river channels.  

Terns attempted to nest on four of the seven previously enhanced islands. This included large, 
successful colonies on both Upper Swimming Hole and Cow Island which both remained enhanced 
throughout the season. Several pairs nested ƻƴ aƛǘŎƘŜƭƭΩǎ which, although remaining enhanced, was 
subjected to early failure due to southern black-backed gull predation. One pair nesting on Upper 
Bush Gully which eventually became connected to the mainland. 

3.4.4 Breeding Success 

3.4.4.1 Waiau Toa/Clarence and Wakaputawatea/Acheron rivers hatching success 

3.4.4.1.1 Enhanced Island hatching success 

A total of 310 tern nests were monitored during the 2022/23 breeding season. Of these, 49 nests 
were located on three surviving enhanced islands, one was located on an enhanced island where the 
river channel dried up mid-season and became connected to the mainland, and the remaining 260 
nests were situated on non-enhanced islands/mainland areas (Table 12). 

Table 12. Apparent black-fronted tern hatching success of known-fate nests on enhanced and non-
enhanced colonies on the Waiau Toa/Clarence and Wakaputawatea/Acheron rivers 
during the 2022/23 breeding season. Note that no enhanced island or enhanced 
island/mainland colonies occurred in the non-treatment zone. 

River Zone Colony Location 
Colony 
Code 

Nest 
Count 

Hatching 

Number % 

Waiau Toa/ 
Clarence 

Treatment  

Natural Island 
CA1 5 2 40% 

CB 8 6 75% 

Enhanced Island 

CA2 23 13 57% 

CD 16 15 94% 

CE 10 2 20% 

Enhanced Island/ 
Mainland 

CI1 1 0 0% 

Mainland 

CA3 9 6 67% 

CC 28 7 25% 

CI2 5 4 80% 

Non-
Treatment 

Natural Island 

CF 17 10 59% 

CG1 22 13 59% 

CG3 9 6 67% 

CH1 17 7 41% 

CJ1 12 10 83% 

Mainland 

CG2 8 1 13% 

CH2 4 2 50% 

CJ2 5 3 60% 

Wakaputawatea/ 
Acheron 

Non-
Treatment 

Natural Island 

AA 79 69 87% 

AB1 3 2 67% 

AC 11 2 18% 

Mainland AB2 18 8 44% 

Combined Total 21 310 188 61% 
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A total of 61% (30 of 49 nests) of monitored enhanced island nests hatched one or more chicks 
(Table 12, Figure 34). The one nest on the failed enhanced island was predated once the island 
became connected to the mainland. Out of the 260 nests monitored on non-enhanced islands, 158 
nests hatched (61%) (Table 12, Figure 34). 

 
Figure 34. Observed hatched chicks on the Waiau Toa/Clarence River, 2022/23. 
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3.4.4.1.2 Treatment zone colony hatching success 

Colonies situated on islands within the treatment zone (active trapping and chick shelter 
placements) resulted in a 61% hatching success (Table 13). Colonies established on islands within the 
non-treatment zone (no trapping or chick shelter placement) resulted in a 70% hatching success. 

The 17 mainland nests within the treatment zone and 14 within the non-treatment zone both had a 
40% hatching success rate (Table 13). 

Table 13.  Combined hatching success of black-fronted tern nests situated on islands and the 
mainland within and outside of trapping zones on the Waiau Toa/Clarence River during 
the 2022/23 breeding season. Note: nest hatching success is determined by at least one 
egg from the nest hatching. 

Zone Location Known-fate Nests 
Hatching*  

Number % 

Treatment 

Island 62 38 61% 

Mainland 43 17 40% 

Total 105 55 52% 

Non-Treatment 

Island 170 119 70% 

Mainland 35 14 40% 

Total 205 133 65% 

*Hatched nests = nests which successfully managed to hatch one or more eggs. 

3.4.5 Cause of nest failure 

Of the 310 monitored nests, a total of 122 nests failed to hatch (92 on the Waiau Toa/Clarence River 
and 30 on the Wakaputawatea/Acheron River). Overall, predation was the leading cause of failure 
with 23% (71 od 310) of all nests across both rivers being depredated (Appendix 9: Nest Outcome 
2022/23. 9; Figure 35).  

Abandonment was the second highest cause of failure, accounting for 13% (42 of 310) of nest 
failures across both rivers (Appendix 9: Nest Outcome 2022/23. 9; Figure 35). In most cases, 
abandonment was directly linked to nocturnal predator activity within the colony. 

 

Figure 35.  Overall summary of known nesting outcomes for black-fronted terns on Waiau 
Toa/Clarence and Wakaputawatea/Acheron rivers, 2022/23. 

The third highest cause of nest failure was due to infertility (2%; 6 of 310) followed closely by flooding 
(1%; 3 of 310) (Appendix 9; Figure 35). Both had very minimal impact within the season. Weather 
conditions for egg laying and hatching were very favourable this season with minimal flooding events 
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and an average flow rate of 8.4 m3 from October 1 to February 10 which was the date the last 
remaining colony finished (Figure 36).  

 
Figure 36.  Waiau Toa/Clarence River flow rates at Jollies (NIWA) from 1 October 2022 to 10 

February 2023 (date the last colony finished). Note: Average River flow rate for the 
2022/23 season illustrated by black line. 

In comparison, flow rates from the same time period on the Waiau Toa/Clarence River during the 
last monitored season in 2021/2022 averaged at 12.8 m3/second (Figure 37). Whilst there were large 
flow rate peaks in 2021/202н ƛƴ hŎǘƻōŜǊ ŀƴŘ 5ŜŎŜƳōŜǊΣ ǘƘƛǎ ōǊŜŜŘƛƴƎ ǎŜŀǎƻƴΩǎ ŎƻƴŘƛǘƛƻƴǎ ǿŜǊŜ ǎǘƛƭƭ 
considered to be suitable compared to previous seasons flooding events (Figure 37). This highlights 
how low average river flow rates were during the 2022/23 breeding season. 

 

Figure 37.  Waiau Toa/Clarence River daily average flow rates at Jollies between 1 October and 10 
February during the 2021/22 and 2022/23 seasons. 
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A breakdown of total nest outcomes situated on differing colony locations can be found in Figure 38. 
Hatching success was high across all islands (both within the treatment and non-treatment zones) 
ranging between 60-70% hatching success (Figure 38). Predation was evident across all location 
groups with a larger rate of predation occurring on mainland colonies, both treatment and non-
treatment averaging at 37-44% (Figure 38). Abandonment was also prevalent across all location 
groups ranging between 8-23%. 

Figure 38.  Overall nest outcome percentages for black-fronted tern colonies situated in different 
locations on the Waiau Toa/Clarence and Wakaputawatea/Acheron Rivers during the 
2022/23 season (see Appendix 9) ǿƘŜǊŜ ΨŦŀƛƭŜŘ ŜƴƘŀƴŎŜŘ ƛǎƭŀƴŘǎΩ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ 
Ψaŀƛƴland (Treatment) section and N = total nest count. 

3.4.6 Camera monitoring of nests 

This season 92 nests were monitored by cameras. Surveillance coverage of nests varied between 
colonies depending on their location, accessibility, and date of discovery. Between 11-100% of nests 
at each colony were monitored by nest cameras (Table 14) with an exception to CG3 and CJ2 which 
were discovered later in the season and failed/hatched before cameras were deployed. 
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Table 14.  Total camera coverage of black-fronted tern colonies along the Waiau Toa/Upper 
Clarence and Wakaputawatea/Acheron Rivers, 2022/23. 

River Colony Total nests Nest cameras Coverage % 
 

Waiau Toa/ Clarence 
River 

CA1 5 2 40%  

CA2 23 6 26%  

CA3 9 5 56%  

CB 8 3 38%  

CC 28 12 43%  

CD 16 7 44%  

CE 10 3 30%  

CF 17 8 47%  

CG1 22 8 36%  

CG2 8 4 50%  

CG3 9 0 0%  

CH1 17 7 41%  

CH2 4 2 50%  

CI1 1 1 100%  

CI2 5 2 40%  

CJ1 12 5 42%  

CJ2 5 0 0%  

Total 199 75 38%  

Wakaputawatea/Acheron 
River 

AA 79 11 14%  

AB1 3 1 33%  

AB2 18 2 11%  

AC 11 3 27%  

Total  111 17 15%  

Combined Total 310 92 30%  

Cameras were distributed evenly across colonies. Nests were chosen for monitoring based on the 
lack of grasses and other loose material that might trigger the cameras in light to severe wind 
conditions. By choosing nests predominantly situated on gravels, the lack of additional motion saved 
storage space on SD cards throughout the week. Nest clusters were also targeted with camera 
monitoring due to the chance of cameras picking up on nests being predated nearby or determining 
a singular mass predation event causing all nests in the same area to be predated. 

The deployment of motion activated cameras enabled the identification of two predator species 
predating 15 different nests (Table 15). Six other predator species were detected across 16 different 
nests; however, no predation events were recorded at these nests. It is suspected that these 
predators caused nest failure due to predation and abandonment events which occurred at 
unmonitored nests within the same colony. 

The predator species responsible for the largest number of predated nests were southern black-
backed gulls which were recorded preying on nine nests at six colony sites on the Waiau 
Toa/Clarence and Wakaputawatea/Acheron rivers (Figure 39). Cats were the only other predator 
recorded predating nests on camera and were responsible for six nest predations over three 
colonies on the Waiau Toa/Clarence River (Table 15, Figure 39). 

These predation events were spread across all colony location types, however, only avian predation 
events were recorded on islands, whereas both avian and mammalian predation occurred on the 
mainland within the treatment and non-treatment zone (Table 15). 
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Figure 39.  Observed nest predation events and predator detection captured during the 2022/23 
breeding season at black-fronted tern colony sites along the Waiau Toa/Clarence and 
Wakaputawatea/Acheron Rivers. Above show nest predations by cats and southern 
black-backed gull, along with detections of a hedgehog, possum, and stoat presence at 
colonies (no nest predation captured). 

 

 












































































































