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Shifting patterns of halibut distribution and abundance are
linked to thermal conditions, and continued warming will
likely lead to increased abundance in the Canadian range
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This study’s results suggest that shifting patterns of halibut
distribution and abundance are linked to thermal conditions and that
continued warming will likely continue to enhance habitat conditions,
leading to increased abundance in the Canadian range. These results
illustrate the influence of shifting environmental conditions on
population dynamics and emphasize the importance of adaptive
management practices in a dynamic future climate. Photo by gillfoto
(CC BY-SA 4.0; https://creativecommons.org/licenses/by-sa/4.0, via
Wikimedia Commons).

Global ocean temperatures have been rising for decades, including in the Northwest Atlantic, where
temperature increases have been observed throughout the water column. Particularly, warming
temperatures can lead to geographical shifts in suitable habitat and corresponding shifts in marine
taxa distributions. Changes in climate can induce habitat loss, decrease fecundity, and increase
mortality, resulting in an overall decline in population abundance; generally, these changes have been
associated with overfishing (https://doi.org/10.1038/nature01017).

In the Northwest Atlantic, Atlantic halibut (Hippoglossus hippoglossus) has experienced an increase in
biomass and regional landings since the early 2000s in Canadian waters. The species is the largest
groundfish in the Atlantic Ocean, can grow to more than 2.5 m long with weights exceeding 300 kg, and
can reach ages up to 50 years. Atlantic halibut occupies a broad geographic range in the Northwest
Atlantic, from the coast of Virginia in the south to the waters off Disko Bay, Greenland, in the north.

Stocks of Atlantic halibut and many other groundfish species experienced a period of decline in the
early 1990s, leading to stock collapses and fishing moratoria in some areas. At present, most
groundfish species have yet to fully recover; however, Atlantic halibut, compared to other commercial
species, is an exception and has recovered to levels greater than those prior to its most recent collapse.
This increased abundance is reflected in increased landings in recent years, and currently, Atlantic
halibut is one of the most commercially valuable (https://www.dfo-mpo.gc.ca/stats/commercial/land-
debarg/sea-maritimes/s2019pv-eng.htm) groundfish species in the Northwest Atlantic.
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The current economic importance of Atlantic halibut has led to increased research efforts, especially
with respect to halibut spatial ecology. The characterization of the historical spatial-temporal
relationship between temperature, habitat conditions, and abundance can provide a foundation to
predict how Atlantic halibut stocks will respond to continued warming, providing critical information to
fisheries’ managers to anticipate how the managed stocks of Atlantic halibut could respond to
continued warming in the Northwest Atlantic.
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This article — summarized (https://creativecommons.org/licenses/by/4.0/deed.en) from the original
publication (https://doi.org/10.1139/facets-2021-0202). (Czich, A.N. et al. 2023. Recent and projected
climate change—-induced expansion of Atlantic halibut in the Northwest Atlantic. FACETS Volume 8,
Issue 1,21 August 2023, Pages 1-14) — discusses the results of a study that explored the influence of
climate change on the distribution of Atlantic halibut in the Northwest Atlantic.

Study setup

The domain for this study encompasses most of the area occupied by Atlantic halibut in the Northwest
Atlantic. This area ranges, from north to south, from Labrador to Maryland, and from the inner Gulf of
St. Lawrence to the edge of the Flemish cap. It encompasses three spatial management units in
Canadian (Gulf of St. Lawrence and the Scotian Shelf-Southern Grand Banks) and U.S. waters (Gulf of
Maine—Georges Bank) and the corresponding NAFO (Northwest Atlantic Fisheries Organization (NAFO;
https://www.nafo.int/About-us/Maps (https://www.nafo.int/About-us/Maps)) Divisions (Fig. 1).
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Fig. 1: Map of study extent, Northwest Atlantic, showing NAFO
Divisions, stock assessment regions [GMGB, Gulf of Maine-Georges
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Bank; GSL, Gulf of St. Lawrence; SS-SGB, Scotian Shelf and Southern
Grand Banks), and the Canadian Exclusive Economic Zone (dashed
line)]. Adapted from the original.

We first looked retrospectively, evaluating whether recent changes in Atlantic halibut distribution in the
Northwest Atlantic were related to contemporaneous spatialtemporal trends in thermal habitat
availability and growing degree days (GDDs). GDD is a measure of thermal time, or the cumulative
temperature over a given period. We then build on these functional relationships and predict, using a
correlative approach, the distribution of Atlantic halibut in the Northwest Atlantic based on a regionally
downscaled oceanographic model and climate forecasts modeled under two emission scenarios:
representative concentration pathway (RCP) 4.5 (reduced emissions) and RCP 8.5 (high emissions).

For detailed information on the study design, data collection and analyses, refer to the original
publication.

Results and discussion

Atlantic halibut has become one of the most commercially valuable groundfish species in the Atlantic
region. As a result, with the increasing bottom temperatures in the northwest Atlantic, it is paramount to
monitor and predict how changes in temperature will lead to changes in the distribution and recruitment
of this important commercial species.

The amount of available thermal habitat and the number of GDD have increased since 1990
throughout much of the northwest Atlantic range of Atlantic halibut. There was minimal or no change
in available thermal habitat in southern regions. The consistent pattern in available thermal habitat is
likely due to the contemporary temperatures of these regions falling within the projected thermal
window from 2.46 to 9.25 degrees-C, yet warming has not pushed temperatures above the projected
upper limit.

Our analysis approach builds on previous models of thermal habitat change
(https://doi.org/10.1080/23308249.2021.1948502) by incorporating GDD and an improved approach
to defining thermal habitat. Our results emphasize the relationship between warming bottom
temperatures and recent expansions of Atlantic halibut.
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Fig. 2: Estimated annual rate of change of percentage thermal habitat
and growing degree days (GDD) by Northwest Atlantic Fisheries
Organization (NAFO; https://www.nafo.int/About-us/Maps) Division
from 1990 to 2018 predicted by generalized additive models (GAMs)
using BIO North Atlantic Model (BNAM) climate model hindcast.
Adapted from — and additional figure information available at — the
original publication.

A negative rate of change of thermal habitat was observed in the most northeasterly areas of the model
domain, roughly encompassing the Newfoundland shelves, reflecting the influence of the cold Labrador
current on the region’s thermal dynamics in an already relatively cold region compared to the rest of the
domain. Relatively few Atlantic halibut were found in this area. The overall observed increase in the
amount of available thermal habitat corresponds to increasing bottom temperature patterns
(https://doi.org/10.1016/j.csr.2018.01.001) in the northwest Atlantic.

The general increase in biomass and abundance could be associated with the overall increase in both
available thermal habitat and GDD from 2004 to 2018. The increased availability of thermal habitat
may have allowed a greater dispersion of Atlantic halibut, which in turn could have reduced local
intraspecific competition at a time of reduced interspecific competition due to a reduced biomass of
many other groundfish species. Greater abundances and dispersion may also be partially caused by
changes in fishing mortality due to the establishment of a minimum legal size throughout much of the
range. The increase in GDD likely also led to a longer growing season and correspondingly increased
survival during the early life stages.
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Nutrition impacts pigmentation, eye
migration In Atlantic halibut

Atlantic halibut juveniles fed artemia in the larval stage often exhibit
insufficient pigmentation and lack proper eye migration.

@ Global Seafood Alliance

Overall, recent temperature increases have promoted longer growing seasons and the expansion of
suitable habitat, which likely have contributed to increasing trends in Atlantic halibut abundances
similar to those observed for other species in recent years. Increased landings may, in part, be due to
this increased availability of suitable habitat. The expansion of available juvenile habitat is directly
linked to increased temperature, leading to quicker adult recruitment and correspondingly increased
adult biomass that ultimately results in increased fishery landings (sensu the nursery-size hypothesis).

Potentially increased abundances promote the expansion of Atlantic halibut into suitable habitats in
the northwest Atlantic. Similar increases in biomass have been observed in several marine groundfish
due to an increased growing season and increased reproductive rates
(https://doi.org/10.1007/s11160-017-9487-9) in the Gulf of Maine. However, once temperatures exceed
physiological limits, declining fitness is expected.

The probability of Atlantic halibut occurrence is predicted to increase in the northern regions and
remain relatively unchanged in the southern regions in all future climate scenarios. In particular, the
highest increase in the probability of occurrence was predicted in the Gulf of St. Lawrence, consistent
with the concept that less currently occupied northern areas are warming and consequently increasing
suitable habitat (https://doi.org/10.1016/j.scitotenv.2019.135270) with ongoing climate change.
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Fig. 3: (a) Probability of occurrence for Atlantic halibut across the
study area as predicted by a general additive model. The color scale
corresponds to the predicted probability of halibut occurrence, where
dark blue indicates a low probability and yellow represents a higher
probability. (b) Uncertainty map produced using confidence interval
ranges, where red indicates a higher level of uncertainty. Adapted
from — and additional figure information available at — the original
publication.

The southern areas of the Gulf of Maine are predicted to remain relatively unchanged or decrease
slightly in probability of occurrence in future climate scenarios. Future decreases are most probable in
southern regions and are to be expected if bottom temperatures rise above the preferred thermal niche
for Atlantic halibut, as decreases have been predicted (https://doi.org/10.1126/sciadv.aaq0929). for
other fish and invertebrate species.

This analysis focuses on juvenile Atlantic halibut due to ontogenetic coverage by synoptic surveys, but
changes in thermal regime likely also affect other life history stages. For example, decreases in the
probability of occurrence could be caused by water column temperatures exceeding thresholds that
result in increased deformities (https://doi.org/10.1016/S0044-8486(97)00149-X). (6 degrees-C) and
mortality (12 degrees-C) in Atlantic halibut larvae, thus reducing survival and consequently juvenile
recruitment.

Predicted changes in the probability of occurrence indicate abundance and biomass increases in future
climate scenarios, even under an emission reduction scenario. Therefore, a greater increase in Atlantic
halibut occurrence, and, consequently, abundance in a shorter period in a high-emissions scenario, is
anticipated. Following the model predictions, an increase in Atlantic halibut abundance in Canadian
waters (with the exception of one area in the near future) and an unchanged abundance in U.S. waters
from 2021 to 2085, regardless of emission mitigation efforts, are expected.

The resultant spatial patterns accord well with other models
(https://doi.org/10.1080/23308249.2021.1948502) of Atlantic halibut occurrence. However, these
predictions are habitat-specific and do not consider broader ecological responses to climate change.
Prey availability and predator abundance play important roles in survival and recruitment; thus, the
spatial distribution of Atlantic halibut based on a broader ecological scope is warranted.
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Perspectives

Increasing bottom temperatures have correspondingly increased the amount of suitable thermal habitat
and growing degree days (GDD) for Atlantic halibut between its near collapse and its current population
state. This increase coincides with a period of increased recruitment and abundance, suggesting that
increases in Atlantic halibut landings since the 2000s are very likely linked to environmental change in
the study domain.

Our model of the relationship between bottom temperature and the occurrence of Atlantic halibut
provides important insight into the potential influence of climate change on halibut stocks and
demonstrates that even under an emission reduction scenario, the trend of increasing habitat,
abundance, and changing distribution for Atlantic halibut will likely continue. Our results contribute to
growing calls for climate change to be incorporated into adaptive management decisions for fisheries
in the Northwest Atlantic.
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