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In New Caledonia as elsewhere, there is a profound lack of knowledge around the key factors constraining the 
distribution of top predators such as seabirds and tuna. One particularly missing compartment is forage on which all 
these predators prey. In PUFFALIS, we looked at better understanding the organization of mid-trophic levels of the 
pelagic marine ecosystem in New Caledonia Exclusive Economy Zone in waters where yellowfin tuna and wedge-tail 
shearwaters prey. A dedicated cruise (PUFFALIS) as well as wedge-tailed shearwaters colony study were 
programmed to achieve such goal.  
Based on the PUFFALIS acoustics data as well as the suite of previous NECTALIS programs, 3-D maps of acoustic 
micronekton densities were built using non-linear machine learning statistical models linking the Nautical Area 
Scattering Coefficient (NASC), an acoustic proxy for micronekton biomass, to the environmental variables (Receveur, 
2019; Receveur et al., 2019, 2020, Figure 1a). The model allowed understanding which environmental variable was 
key in explaining these distributions. The sun inclination, the mean 0-600m oxygen, bathymetry, depth of the 20°C, 
mean temperature were the top variables explaining the vertical distribution of acoustic densities. Using gridded 
data sets of these observed variables, we could then map out the NASC by layers in the New Caledonian EEZ (Figure 
1). Figure 1b shows such acoustic maps for the 0-30m and 0-200m to illustrate the foraging grounds for top 
predators such as shearwaters (0-30m) and yellowfin tuna (0-200m). Based on the stable isotopes (δ15N and δ13C) of 
the micronekton found in shearwater stomachs in Pindai, we found during PUFFALIS an unexpected larger amount 
of nighttime feeders (~30% of the time) (Ravache et al., 2020) and that the birds alternated long (over deep and 
distant waters) and short (close to the lagoon) trip durations during chick-feeding times. Whereas neighboring 
colonies overlapped at sea, especially during short trips, there was a clear separation of foraging zones between the 
pairs of colonies located in the southern versus northwestern parts of New Caledonia (Figure 2, Weimerskirch et al., 
2020). The distribution of the bird foraging (Figure 2a) as well as yellowfin tuna CPUEs (Figure 2b) were significantly 
but weakly related to the micronekton distribution predicted (figure 2c from Receveur, 2019). The main variables 
explaining the bird distributions was by far bathymetry followed by NASC. For yellowfin, surface chlorophyll, 
bathymetry, depth of the 20°C isotherm and, finally, NASC were the 4 main variables explaining CPUEs (Catch per 
Unit efforts). Results of such statistical models although powerful were sometimes puzzling and it was still not clear 
how to interpret these results without understanding of the mechanistic underlying processes.  

 
 

1a 2a 



 
Figure1 : 

a) Map of the cruises (N for NECTALIS from previous LEFE 
projects) including the PUFFALIS (PUFF, blue) used in the project 
(from Receveur et al., 2019's Figure 1). Squares represent the CTD 
stations. From these cruises, a machine-learning model was created 
linking CTD data (chlorophyll, oxygen and density structures, 
bathymetry) and vertical acoustic densities (NASC) structures 
(Receveur et al., 2019). b) Then spatial patterns of NASC values 
(in m2 nmi-2) during the day (first row), during the night (second 
row) and on average between day and night (third row) integrated 
over four vertical layers : 0-30 m (first column), 0-200 m (second 
column). The 0-30m layer is the layer where seabirds feed and the 
0-200m layer is the layer where yellowfin tunas feed. These maps 
were re-constructed using gridded environmental observed 
variables.  

 

 
Figure 2 

a) Kernel distribution (90%, 50%) of GPS-tracked Wedge tail 
shearwaters from 4 colonies in New Caledonia during foraging (main 
figure for long trips, inset for short trips, from Weimerskirch et al., 
2020's Figure 7. b) Distribution of yellowfin tuna CPUE for 8 years in 
the Caledonian EEZ .c) Response of the yellowfin CPUE shown in b) 
and shearwater foraging density shown in a) to the NASC of Figure 1. In 
panel c), the day (light grey) and night (black) responses of the seabird 
have been separated as we have access to the precise time of feeding 
unlike for tuna CPUEs. 

Figure 1b shows that the top layer of acoustic densities is radically different during day and night. We know the 
organisms of the micronektonic community migrate between day and night with most of the biomass residing at 
depth during the day to probably avoid predation and migrate again up at night to feed. It is possible that the 
wedge-tail shearwaters profit from such opportunity to feed at night when the micronekton is abundant in the top 
layer. The vertical migration of micronekton occupies at least the top 600m; the strongest occupation during the 
night of the top 0-200m compared to the day illustrates that aspect. When one looks at the vertical structure of the 
micronekton, the main density is typically found between 400-600m during the day and 0-100m during the night 
(not shown). 
Figure 2a illustrates the spatial distributions of the shearwaters equipped with electronic equipment during their 
breeding season. 99 birds were equipped and 179 tracks analyzed. The color distinguishes the colony and the spatial 
separation on the map indicates that the colonies do not compete for foraging during long trips which was rather 
unexpected. Panel b illustrates that the effort is not evenly distributed in space as always for fisheries. The southern 
region of New Caledonian is rarely visited by fishermen as rough seas are usually encountered there. Finally, panel c 
shows the results of the GAMM model (Receveur, 2019) relating the forage densities and CPUEs to the 
environmental variables. The decreasing response of yellowfin and shearwaters during the night with NASC is not 
yet understood and counter intuitive as one would expect higher predation with higher micronekton biomass. 
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