‘ South Pacific Regional Fisheries Management Organisation

12 MEETING OF THE SCIENTIFIC COMMITTEE
30 September to 05 October 2024, Lima, Peru

SC12-HMO01
Habitat conditions associated with the Trachurus murphyi fishery in
central-southern Chile, 2012-2024

Chile

PO Box 3797, Wellington 6140, New Zealand
P: +64 4 499 9893 — E: secretariat@sprfmo.int — www.sprfmo.int



mailto:secretariat@sprfmo.int
http://www.sprfmo.int/

Habitat conditions associated with the Chilean jack mackerel
( Trachurus murphyi) fishery in central-southern Chile, 2012-2024

Sebastian 1. Vasquez®®, Aquiles Sepulveda®

@Instituto de Investigacion Pesquera, Talcahuano, Chile
b Programa de Doctorado en Oceanografia, Universidad de Concepcion, Chile

Abstract

The central-southern zone of Chile (30°S - 42°S) is the most significant fishing ground
in the southern Humboldt ecosystem due to its geographic and oceanographic conditions.
This region is characterized by high primary production values driven by strong seasonal
upwelling, which is influenced by the seasonal movement of the South Pacific anticyclone,
with intensive upwelling events occurring during the austral spring and summer. Historically,
the highest levels of Chilean jack mackerel (CJM) landings have been recorded in this region,
surpassing 4.5 million tons in the mid-1990s. Fish have specific habitat requirements, so
environmental changes can impact the spatiotemporal distribution of pelagic species and
thus affect the location of fishing grounds.

This study analyzes the variability of habitat conditions in CJM fishing grounds in
central-southern Chile during the recent coastal distribution period (2012-2014) using data
from industrial fishing activity monitoring and satellite remote sensing. During the 2023-
2024 fishing season, CJM fishing sets occurred within a wide temperature range, centered
around 13.99C. The interannual variability of the sea surface temperature (SST) anomaly in
central-southern Chile is linked to ENSO dynamics, but these do not appear to significantly
impact the location of CJM fishing grounds. The interannual chlorophyll-a anomaly showed
alternating periods of higher productivity, which tended to coincide with colder periods and
increased occurrences of La Nina. The location of CJM fishing grounds does not appear to
change significantly during periods of higher or lower chlorophyll-a productivity. The sea
level anomaly exhibits alternating positive and negative periods that appear to be related to

ENSO dynamics. While sea surface temperature shows a decreasing trend at CJM fishing
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grounds, chlorophyll concentration shows an increasing trend. This may be associated with

a higher concentration of CJM in coastal upwelling centers.
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1. Introduction

The central-southern zone of Chile (30°S - 42°S) is the most important pelagic fishing
ground in the southern Humboldt ecosystem due to its geographic and oceanographic condi-
tions (Parada et al., 2013). This region is characterized by high primary production values
(10-20 g C m~2 d~'; Daneri et al. (2000)), driven by strong seasonal upwelling caused by
the seasonal movement of the South Pacific anticyclone, with intensive events occurring
during the austral spring and summer (Figueroa & Moffat, 2000). High primary produc-
tivity extends toward the oceanic zone due to intense mesoscale activity (filaments, eddies)
that propagates from the coast offshore, forming a marked coastal transition zone that ex-
tends up to 600-800 km offshore (Hormazabal et al., 2004). The physical properties of
this ecosystem exhibit strong inter-annual variability related to the ENSO cycle, impacting
productivity levels and modifying the habitat conditions of marine organisms through atmo-
spheric and oceanic teleconnections (Escribano et al., 2004). In the oceanic region, the main
oceanographic feature is the Subtropical Front, associated with the South Pacific Current,
which extends WSW-ENE across the entire South Pacific (Stramma et al., 1995) and has
been linked to the population dynamics of the Chilean jack mackerel (CJM) at all stages of
its life cycle (Belkin & Shen, 2023).

In particular, the highest historical levels of Chilean jack mackerel landings have been
recorded in this region, surpassing 4.5 million tons in the mid-1990s (Arcos et al., 2001), with
fishing grounds showing significant spatial shifts in recent decades (Vasquez et al., 2023).
Between 1995 and 2001, the fishing areas were concentrated in the coastal sector near the
main fishing port, Talcahuano, with high yields in a relatively small catch area. Since 2002,
a shift in the spatial configuration of fishing grounds has been observed, with an offshore
extension associated with lower yields in the coastal sector. Finally, since 2012, a recovery
of coastal fishing grounds has been observed, with increased yields in areas close to fishing

ports.



Fish have specific habitat requirements at different life history stages, so environmental
changes may impact the growth and spatiotemporal distribution of pelagic species, thereby
affecting the location of fishing grounds (Wang et al., 2021). Remotely sensed satellite
observations of sea surface conditions can provide valuable information for assessing the
environmental variability of pelagic fishing (Zainuddin et al., 2008). In this contribution,
the variability of habitat conditions in CJM fishing grounds in central-southern Chile during
the recent coastal distribution period (2012-2014) is analyzed using data from INPESCA’s

monitoring of industrial fishing activity and satellite remote sensing.

2. Methods

2.1. CHJM Purse-seine fishery data

This study analyzed data from the CJM purse-seine fishery off central-southern Chile
for the period 2012-2014, with a focus on the 2023-2024 fishing season. The CJM individual
fishing sets database, compiled by INPESCA’s pelagic fisheries monitoring program from
January 2012 to July 2024, includes a total of 16,258 records.

2.2. Remotely sensed satellite data

Daily oceanographic data obtained by satellite remote sensing—specifically sea sur-
face temperature (SST), sea surface chlorophyll-a concentration (CHL), sea surface height
anomalies (SHA), and wind direction and speed at 10 m above the ocean surface (WIN10)—were
derived from various programs and processed for the central-southern zone of Chile. SST and
CHL, both at a 4 km resolution, and SHA at a 0.25° horizontal resolution were obtained from
the European COPERNICUS program (https://data.marine.copernicus.eu/). WIN10 was
obtained from the ERA5 reanalysis at a 0.25° horizontal resolution (https://cds.climate.copernicus.eu/).
Thermal gradients were calculated from the SST following the methods of Saldias & Lara
(2020), and the Upwelling Index was derived from the WIN10 data following the approach
of Bakun & Nelson (1991).



3. Results

3.1. Sea Surface Temperature

Figure la shows the variability of SST during the 2023-2024 CJM fishing season in
central-southern Chile. From August to October 2023, fishing activity was halted, with
cold conditions prevailing in the region. In November, CJM catches were observed in an
area centered around 36°30’S, with limited latitudinal extension and the predominance of
cold conditions. From December 2023 to May 2024, a more pronounced coast-ocean ther-
mal gradient was observed due to the onset of the upwelling season, with fishing activity
expanding across a wider latitudinal band between 30°S and 40°S. Notably, fishing surveys
extended even further north of 30°S during the first half of 2024 (not shown here). In June,
as winter conditions set in, catches concentrated around Mocha Island (38920’S). Finally, in
July, a cooling trend was observed across the region, accompanied by a southerly extension
of fishing activity with good yields south of 40°S. Figures la to lc focus on the interannual
variability of SST. Figure 1b illustrates the pronounced annual cycle of SST characteristic
of mid-latitudes, with warming during the spring-summer period. Figure 1c presents the
SST anomaly, highlighting alternating periods of warming and cooling with varying latitu-
dinal extents, closely linked to the dynamics of the El Nifio Southern Oscillation (ENSO),
as shown in Figure la. The 2015-2016 period was marked by an El Nino event that caused
widespread warming across the entire latitudinal band analyzed, while the 2023-2024 El Nino
event displayed positive anomalies that did not extend south of 35°S. Conversely, negative
SST anomalies in the central-southern zone of Chile were associated with cold equatorial
events, notably the 2021-2023 La Nina, which led to cooling across the entire study re-
gion. It is also noteworthy that the latitudinal range of the CJM fishery exhibits temporal
variability, extending between 25°S and 45°S. However, the fishing centroids consistently
remained between 32°S and 41°S, regardless of the prevailing thermal conditions. During
the 2023-2024 fishing season, CJM fishing sets occurred within a temperature range of 10.9
to 19.6°C, with a catch-magnitude-weighted median of 13.9°C.
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Figure 1: a) Monthly variability of sea surface temperature (SST) during the 2023-2024 CJM fishing season
in south-central Chile. b) El Nifio 3.4 time series. ¢) Hovmoéller time-latitude diagram of SST for the CJM
fishing area in south-central Chile, 2012-2024. d) Hovmoller time-latitude diagram of SST anomalies for the
CJM fishing area in south-central Chile, 2012-2024. The weighted median of the catch is represented by a

square marker, and the range is depicted by a vertical bar.

3.2. Sea Level Height

The mean sea level height in central-southern Chile during the 2023-2024 period was
predominantly characterized by positive anomalies, particularly from August 2023 to March
2024. These positive anomalies were occasionally interrupted by the occurrence of mesoscale
cyclonic eddies, which generated local negative anomalies. The region, especially north of
379S, is widely known for its mesoscale activity, including eddies and meanders (Figure 2a).
On an interannual scale, the sea level anomaly exhibits alternating positive and negative
periods that appear to be linked to ENSO dynamics (Figure 2b). El Nino events, such as
those in 2015-2016 and 2023-2024, are associated with sea level rises throughout central
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Figure 3: a) Monthly variability of surface chlorophyll-a concentration (CHL) during the 2023-2024 CJM
fishing season in south-central Chile. b) El Nifo 3.4 time series. ¢) Hovmoller time-latitude diagram of CHL
for the CJM fishing area in central-southern Chile, 2012-2024. d) Hovmoller time-latitude diagram of SLA
anomalies for the CJM fishing area in central-southern Chile, 2012-2024. The weighted median of the catch

is represented by a square marker, and the range is depicted by a vertical bar.

3.4. Sea surface wind

Figure 4a illustrates the variability of wind at the ocean surface, which predominantly
shows a southward direction typical of upwelling regions in the southern hemisphere. In
the central-southern coastal region of Chile, wind intensity increases during the spring-
summer months due to the seasonal migration of the South Pacific anticyclone poleward
in austral summer. Consequently, during winter, the region south of 35°S experiences al-
ternating periods of southward winds, indicative of the stormiest season. In the 2023-2024
fishing season, CJM fishing grounds were primarily situated under conditions favorable to

upwelling, though in June and July 2024, they were found in areas conducive to coastal
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convergence. The annual wind cycle and its spatial pattern are represented by the up-
welling index, where negative values indicate upwelling activity and positive values indicate
convergence. Figure 4b shows that the region between 35°S and 40°S is characterized by
marked seasonal upwelling, while areas south of 40°S predominantly experience convergent
conditions throughout the year. Generally, CJM fishing grounds tend to be located on the
southern edge of the coastal upwelling system. Figure 4d displays the interannual anomaly
of the upwelling index, highlighting a decrease in upwelling activity in the region from 2022
onwards, with no clear correlation to equatorial ENSO dynamics. During the 2023-2024

fishing season, CJM fishing sets occurred within a wind speed range of 0.39 to 16.1 m s,

! which is equivalent to a wind-induced

with a catch-magnitude-weighted median of 7.0m s~
turbulence ranging between 1 and 4138 m? s~2 with a catch-magnitude-weighted median of

363 m3 s3.
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Figure 4: a) Monthly variability of surface wind direction and speed during the 2023-2024 CJM fishing
season in south-central Chile. b) El Nifio 3.4 time series. ¢) Hovmoller time-latitude diagram of Upwelling
Index for the CJM fishing area in central-southern Chile, 2012-2024. d) Hovmoller time-latitude diagram
of Upwelling Index anomalies for the CJM fishing area in central-southern Chile, 2012-2024. The weighted

median of the catch is represented by a square marker, and the range is depicted by a vertical bar.

3.5. Interannual variability

Figure 5 illustrates the interannual variability of fishing grounds conditions for CJM in
central-southern Chile from 2012 to 2024. Sea surface temperature (SST) shows a downward
trend, with temperatures starting at 16.2°C at the beginning of the series and decreasing to
14.0°C by 2024. El Nino years are marked by an expansion in the thermal range where CJM
fishing grounds occur, although this does not alter the overall downward trend (Figure 5a).
Notably, the CJM habitat in central-southern Chile exhibits a wide thermal range, from
10°C to over 20°C. Figure 5b presents the SST anomaly at CJM fishing grounds, ranging

from 4.9°C to -5.0°C, indicating that fishing ground locations are not significantly responsive
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to changes in this variable. Figure 5c shows the variability in chlorophyll-a concentrations,
with CJM fishing grounds occurring across a broad range from 0.1 mg mg m =2 to over 20
mg m~3, and a temporal trend towards higher chlorophyll concentrations. This trend, along
with that in SST, may be related to the concentration of CJM in coastal areas where lower
temperatures and higher chlorophyll concentrations are associated with upwelling activity.
The sea level height anomaly displays a broad range of both positive and negative anomalies,
which may be influenced by large-scale variability (i.e., coast-ocean gradient, annual cycle)
and interactions with mesoscale structures (i.e., mesoscale eddies) that locally modify sea
level. Lastly, wind speeds at CJM fishing grounds vary widely from 0.1 m s~ to over 15 m

571, indicating year-round fishing activity without a clear long-term trend.
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Figure 5: Boxplots of the interannual variability for: a) sea surface temperature; b) sea surface temperature

anomaly; ¢) surface chlorophyll concentration; d) sea level height; and e) wind speed at CJM fishing grounds

from 2012 to 2024.
13



4. Concluding remarks

1. During the 2023-2024 fishing season, CJM fishing sets occurred within a temperature
range of 10.9 to 19.6°C, with a catch-magnitude-weighted median of 13.9°C. The interannual
variability of the SST anomaly in central-southern Chile is linked to ENSO dynamics, which
do not appear to significantly impact the location of the CJM fishing grounds.

2. CJM fishing sets in the 2023-2024 fishing season were associated with chlorophyll-
a concentrations ranging from 0.15 mg m~2 to 18.12 mg m~2, with a catch-magnitude-
weighted median of 2.75 mg m~3. The interannual chlorophyll-a anomaly showed alternating
periods of higher productivity, which tended to coincide with colder periods and increased
occurrences of La Nina. The location of CJM fishing grounds does not appear to change

significantly during periods of higher or lower chlorophyll-a productivity.

3. On an interannual scale, the sea level anomaly exhibits alternating positive and
negative periods that appear to be linked to ENSO dynamics. El Nino events, such as those
in 2015-2016 and 2023-2024, are associated with sea level rises throughout central Chile,

whereas La Nina events tend to cause pronounced negative anomalies in mean sea level.

4. CJM fishing grounds tend to be located on the southern edge of the coastal seasonal
upwelling system. The interannual anomaly of the upwelling index highlights a decrease in
upwelling activity in the region from 2022 onwards, which does not seem to significantly

affect the occurrence of CJM fishing grounds.
5. Sea surface temperature shows a decreasing trend at CJM fishing grounds, while

chlorophyll concentration shows an increasing trend. This may be related to a higher con-

centration of CJM in coastal upwelling centers.

14



References

Arcos, D. F., Cubillos, L. A., & Nunez, S. P. (2001). The jack mackerel fishery and el nifio 1997-98 effects
off chile. Progress in Oceanography, 49, 597—617.

Bakun, A., & Nelson, C. S. (1991). The seasonal cycle of wind-stress curl in subtropical eastern boundary
current regions. Journal of Physical Oceanography, 21, 1815-1834.

Belkin, I. M., & Shen, X.-T. (2023). Remote sensing of the subtropical front in the southeast pacific and
the ecology of chilean jack mackerel trachurus murphyi. Fishes, 8, 29.

Daneri, G., Dellarossa, V., Quifiones, R., Jacob, B., Montero, P., & Ulloa, O. (2000). Primary production
and community respiration in the humboldt current system off chile and associated oceanic areas. Marine
Ecology Progress Series, 197, 41-49.

Escribano, R., Daneri, G., Farias, L., Gallardo, V. A., Gonzalez, H. E., Gutiérrez, D., Lange, C. B., Morales,
C. E., Pizarro, O., Ulloa, O. et al. (2004). Biological and chemical consequences of the 1997-1998 el nifio
in the chilean coastal upwelling system: a synthesis. Deep Sea Research Part II: Topical Studies in
Oceanography, 51, 2389-2411.

Figueroa, D., & Moffat, C. (2000). On the influence of topography in the induction of coastal upwelling
along the chilean coast. Geophysical Research Letters, 27, 3905-3908.

Hormazabal, S., Shaffer, G., & Leth, O. (2004). Coastal transition zone off chile. Journal of Geophysical
Research: Oceans, 109.

Parada, C., Yannicelli, B., Hormazabal, S., Vasquez, S., Porobic, J., Ernst, B., Gatica, C., Arteaga, M.,
Montecinos, A., Nufez, S. et al. (2013). Environmental variability and fisheries in the southeastern pacific:
research status and challenges for fisheries management. Latin American Journal of Aquatic Research,
41, 1-28.

Saldias, G. S., & Lara, C. (2020). Satellite-derived sea surface temperature fronts in a river-influenced
coastal upwelling area off central-southern chile. Regional Studies in Marine Science, 37, 101322.

Stramma, L., Peterson, R. G., & Tomczak, M. (1995). The south pacific current. Journal of physical
oceanography, 25, 7T7-91.

Vasquez, S., Cubillos, L., & Sepulveda, A. (2023). A bayesian spatio-temporal approach for the standardiza-
tion of cpue in the Trachurus murphyi fishery of central-southern chile. South Pacific Regional Fisheries
Manahement Organisation, SC11.

Wang, L., Ma, S., Liu, Y., Li, J., Liu, S., Lin, L., & Tian, Y. (2021). Fluctuations in the abundance of
chub mackerel in relation to climatic/oceanic regime shifts in the northwest pacific ocean since the 1970s.
Journal of Marine Systems, 218, 103541.

Zainuddin, M., Saitoh, K., & SAITOH, S.-1. (2008). Albacore (thunnus alalunga) fishing ground in relation to

oceanographic conditions in the western north pacific ocean using remotely sensed satellite data. Fisheries

15



Oceanography, 17, 61-73.

16





