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Abstract

Marine biogeographic boundaries are often treated as thermal limits that should shift poleward
with warming. We tested this along the Pacific coast of California and Baja California with
seasonal plankton surveys (CalCOFI, 1951-1969) and hydrography measured at the same
stations and, for 1997-2012, by the IMECOCAL program. Three larval fish assemblage
boundaries behaved differently. The Point Conception boundary lay at 32°N in winter and 35°N
in summer and autumn, moving with the 14.75°C isotherm (unresolved in spring); temperature
at the boundary varied by 0.7°C among seasons, against 2.2-3.0°C for a fixed boundary. The
Punta Eugenia boundary stayed at 29°N in every season; the salinity edge near it shifted by
several degrees between years, but not consistently with regional temperature. The southern
Baja California boundary sat on the strongest front of the coast and barely moved. Boundaries
on one coast differ in mechanism and should respond differently to warming.

Keywords: biogeographic boundaries; larval fish; California Current; CalCOFI; Point
Conception; Punta Eugenia

Scientific Significance Statement

Marine biogeographic boundaries, where many species reach their range limits and
communities change, are usually thought to sit where water temperature changes, so ocean
warming is expected to push them poleward. Whether all boundaries along one coast share this
thermal control can be tested with consistent, long-term data. Using larval fish and
hydrography from the California Current, we show that one boundary moves about three
degrees of latitude with the seasons and keeps a nearly constant temperature, a second stays in
place through the year while the water around it warms and cools, and a third lies on a
permanent front at the tip of a peninsula. Boundaries on the same coast are therefore likely to
respond differently to warming.

Boundaries between marine biogeographic regions are places where many species reach the
edge of their ranges and community composition changes over short distances (Spalding et

al. 2007; Pappalardo et al. 2015). Many coincide with changes in water temperature, and the
simplest explanation is thermal tolerance (Horn and Allen 1978; Belanger et al. 2012; Sunday et
al. 2012); alternatively, currents may set the limits by blocking or retaining dispersing larvae
(Gaylord and Gaines 2000). The distinction matters: thermal boundaries should move poleward
as the ocean warms, as many species ranges already do (Pinsky et al. 2013; Lenoir et al. 2020),
whereas boundaries set by the circulation or the coast may stay put while the species around
them change.

The Pacific coast of California and Baja California has three widely recognized transitions,
where the cool, fresh California Current meets saltier subtropical water (Lynn and Simpson
1987; Checkley and Barth 2009). Point Conception (34.5°N) separates cool- and warm-
temperate faunas and is usually described as a temperature discontinuity (Horn and Allen
1978; Blanchette et al. 2008; Fenberg et al. 2015), although intraspecific genetic breaks are often
absent there (Burton 1998) while faunal turnover does occur (Miller 2023). Punta Eugenia



(about 28°N) marks a change in larval fish assemblages (Moser and Smith 1993; Peiro-Alcantar
et al. 2016) that persisted through the extreme events of 2010-2016 (Aceves-Medina et al. 2024),
a break in zooplankton communities (Pitz et al. 2020) and a concentration of genetic breaks
(Ferrera-Rodriguez et al. 2024). At the tip of the peninsula, the temperate fauna gives way to
the tropical eastern Pacific (Spalding et al. 2007; Briggs and Bowen 2012). The coast between is
a transition zone with a marked seasonal cycle and large interannual variability (Bograd and
Lynn 2003; Durazo 2015).

Location, strength and mechanism of boundaries have been examined together for adult range
limits on the Atlantic coast of North America (Pappalardo et al. 2015), but not by locating the
three boundaries of one coast with the same data and method in every season and using their
seasonal behaviour as the diagnostic: a boundary set by temperature should keep a nearly
constant temperature as the seasonal cycle moves it, whereas one set by the circulation or the
coast should stay in place while temperature there changes. Larval fish suit this test (Moser
and Smith 1993; Hsieh et al. 2009): their assemblages integrate spawning and transport over
much of the fish fauna (Moser et al. 1987), and the California Cooperative Oceanic Fisheries
Investigations (CalCOFI) sampled the whole coast from northern California to the tip of Baja
California in all seasons with the same methods in the 1950s and 1960s.

We ask: (1) Do the three boundaries move with the seasons, and are they equally sharp in every
season? (2) Does temperature at each boundary vary less among seasons than at a fixed
boundary? (3) For the boundary that does not move seasonally, how do its hydrographic edge
and the species turnover across it vary between years? We find that one boundary is seasonal
and thermal, one is stationary and tied to the circulation rather than to temperature, and one is
a broad transition anchored on a permanent front.

Methods

Larval fish data

We used CalCOFI ichthyoplankton records from a single GBIF download (GBIF.org 2026), with
names resolved to the GBIF taxonomic backbone (three regional names merged by the
backbone were restored; see the cleaning scripts in the data package). We kept oblique tows
that filtered at least 200 m? from 1951 to 1969, the only period in which the survey covered 22—
40°N in all four seasons with one net (1 m ring net; the standard tow depth increased from 140
to 210 m in 1969; Ohman and Smith 1995); later decades lack winter and autumn coverage off
Baja California. We excluded tows more than 300 km from the coast or inside the Gulf of
California. The final set had 19,337 tows with 108,757 records of 285 species identified to species
(Fig. 1a).

Locating boundaries

We grouped tows into 1° latitude bands and four seasons (winter, December-February, and so
on), rarefied each band and season to 20 tows drawn 20 times, and described each unit by the
square-root transformed mean frequency of occurrence of each species. We computed the
Bray-Curtis dissimilarity between each band and the band to its south and placed each
boundary at the band with the highest dissimilarity within one of three search windows, 23—
26°N, 26-30°N and 32-36°N, which bracket the known transitions (the method locates known



boundaries; it does not discover new ones). A boundary at band b marks the change between
the bands starting at b - 1 and b; one missing band per window was tolerated, otherwise no
boundary was recorded. We report the full-data position, its dissimilarity and rank among all
adjacent-band pairs of the coast in that season (Fig. S4), and, from 300 bootstrap samples of
years, the median latitude, the 5th-95th percentiles (90% intervals), the modal band and the
number of replicates in which a boundary was found. A boundary is detected in a season when
its full-data position is a local maximum of the dissimilarity profile and coincides with the
bootstrap mode; otherwise it is not resolved and no hydrography is read at it. Seasonal
movement is the mean latitude in the detected warm seasons minus that in the detected cool
seasons within each replicate.

Physics at the boundaries

Temperature and salinity at 10 m and 50 m came from the casts at the same CalCOFI stations
(NOAA SWEFSC 2026), within 300 km of the coast, averaged within each year and then taken as
the median across years (1951-2016) for each season and 1° band. We read the value at each
boundary as the mean of the two bands on either side and the gradient as their difference. A
boundary that follows an isotherm should experience a smaller seasonal range of temperature
than one fixed at the same latitudes, so we compared, over the seasons in which each boundary
was detected, the range at its detected positions with the range at every fixed band edge from 23
to 36°N (Table S6); salinity has almost no seasonal cycle here, so its small range is not evidence.
We repeated this with 1951-1969 hydrography only, the years of the larval data (Tables S6, Séb).
Water masses on either side were assigned from median profiles to 200 m with published
temperature-salinity limits (Durazo and Baumgartner 2002; Portela et al. 2016).

Year-to-year position of the 33.6 isohaline

The 33.6 isohaline at 10 m lies near the Punta Eugenia boundary in the long-term medians
(Results). For each year and season with at least three 0.5° bands with data on each side of
28.5°N (25-32°N), we located the first latitude from the north where the median salinity at 10
m per band in the oceanic zone (deeper than 200 m) rose above 33.6 and stayed above it in the
next two bands. CalCOFI measurements south of 28.5°N are scarce after 1984, so we used three
sources: CalCOFI casts of 1951-1981; CTD casts of the IMECOCAL program, which occupied
CalCOFT lines 100-137 (24.3-32.3°N) about quarterly from October 1997 to March 2012 (54
cruises, 4,245 casts; Durazo 2009), using values at 10 dbar, one position per cruise, with cruises
in which the whole sampled transect was above or below 33.6 kept as censored and reported
separately; and the SODA 3.3.1 reanalysis (Carton et al. 2018) for 1980-2015, treated as a model
because its coastal salinity is weakly constrained by observations. We related the isohaline
latitude to the within-season anomaly of mean temperature at 10 m between 25 and 32°N and
to the Nifio 3.4 index (ERSSTv5; Huang et al. 2017) by Spearman correlation, by season and
overall.

Turnover across Punta Eugenia, 1998-2000

To test whether the strength of the Punta Eugenia boundary varies, we used species lists for 11
IMECOCAL cruises (1998-2000) for the zones north (CalCOFI lines 100-120) and south (lines
123 and beyond) of Punta Eugenia (Jiménez-Rosenberg 2008), computed the Simpson
dissimilarity (Bsim), which measures species replacement independent of richness (Baselga



2010), related it to the difference in mean temperature at 10 m between the zones from the
same source, and left out each cruise in turn (Table S7).

All analyses were done in Python (Inda-Diaz et al. 2026).
Results

One boundary is seasonal, two are stationary

The Punta Eugenia boundary lay at 29°N in all four seasons, in the full data set and in 59-99%
of the replicates (Fig. 1b; Table 1; Table S1b). Its dissimilarity was modest (rank 4-8 among the
15-17 adjacent-band pairs of the coast) but its position did not change (shift -0.4°, 90% interval
-2.0 to 1.0°). The southern Baja California boundary lay at 23°N, or 24°N in autumn (shift 0.6°,
90% interval 0-1.5°), and was the sharpest break of the coast in winter, spring and summer
(dissimilarity 0.27-0.39, rank 1; Fig. S4), but it lies at the southern edge of the sampled domain,
on a plateau of high dissimilarity reaching 25°N, and thin southern sampling left it unlocated in
92 summer and 79 autumn replicates (Table 1).

The Point Conception boundary was the only one that changed with the seasons. In summer
and autumn it was a sharp break at 35°N (dissimilarity 0.26 and 0.39, the coast-wide maximum
in autumn; 297 and 296 replicates). In winter it lay at 32°N, a weak local maximum
(dissimilarity 0.24, rank 5 of 16; Fig. S4) that was also the modal band of the replicates (144 of
300; 90% interval 32-35°N). In spring the full-data maximum (35°N) and the bootstrap mode
(33°N) disagreed, with dissimilarities 0.0001 apart, so the spring boundary is not resolved
(Table S1b). Between the detected seasons it moved 2.3° northward (summer-autumn minus
winter; 90% interval 0-3.0°; northward in 95% of replicates).

Temperature at the boundaries

Temperature at 10 m at the Point Conception boundary ranged over 0.7°C among the three
seasons in which it was detected (14.7-15.4°C), against 3.0°C and 2.2°C for boundaries fixed at
32°N and 35°N over the same seasons (Fig. 2a; Table 1; Table S6). The boundary followed the
14.75°C isotherm at 10 m, which lay at 32.8°N in winter and 34.9°N in summer and autumn. In
summer and autumn it lay within one band of the steepest temperature gradient of the region
(1.0-1.5°C per degree at 34-35°N); in winter the gradient at 32°N was 0.4°C per degree. Salinity
was the same on both sides and at 200 m the sides were indistinguishable (Table S2): the
boundary separates warmer from cooler water of one mass.

Temperature at the Punta Eugenia boundary ranged over 3.3°C among seasons, the range of a
boundary fixed at 29°N (Table S6). Salinity at 10 m falls almost linearly from 34.5 at 22°N to
33.3 at 36°N (Fig. S2); the 33.6 isohaline crosses 29°N in the long-term median of every season
(28.4-29.6°N), but neither the salinity nor the density gradient at 29°N was a local maximum
(Table S2a). In the upper 50 m, California Current water made up 99% of the samples north of
the boundary and 90% south of it (Table S3); the sides differ at 150-200 m, where southern
water was saltier and warmer (Table S2b). The boundary is stationary but sits on no surface
front.

At the southern Baja California boundary, temperature ranged over 5.4°C among seasons (6.4—
7.1°C at a fixed boundary) and salinity over 0.28; in spring, summer and autumn it fell on the



steepest temperature gradient of the coast (1.7-2.9°C per degree; Table 1), and across it
California Current water fell from 90% to 29% of the upper 50 m, replaced mainly by
subtropical surface water (Table S3). With 1951-1969 hydrography only, the Point Conception
range was 1.2°C against 2.2-2.7°C fixed, no other range changed by more than 0.1°C, and
boundary temperatures changed by less than 0.6°C except southern Baja California in summer
(-1.9°C, 3yr of data); in those years the summer temperature step off Point Conception lay at
34°N, one band south of the larval boundary (Table Sé6b).

The salinity edge near Punta Eugenia varies between years but not with regional temperature

The 33.6 isohaline moved from year to year (Fig. 3a). In the CalCOFI measurements of 1951-1981
its interannual standard deviation was 1.3-2.0° of latitude (extremes 25.4° and 31.7°N) and it
reached further north in warm years (Spearman p = 0.43, p < 0.001, n = 70 year-season
combinations; by season p = 0.25-0.57, n = 14-21; Fig. 3b). In the IMECOCAL measurements of
1997-2012 it was found in 45 of 54 cruises, lay north of the sampled transect (which reached
29.8° and 31.7°N) in the two cruises of the 1997-1998 El Nifio and south of 25°N in five, and had
a median position of 27.8-28.6°N by season, 0.1-1.2° south of the 1951-1981 medians. Overall it
was unrelated to the temperature anomaly (p = 0.01, p = 0.97, n = 45; with censored cruises
placed at the domain edges p = 0.12, n = 52). The only seasonal relation was negative, in spring
(p =-0.76, p = 0.006, n = 11; also in SODA for the same cruises); the other seasons gave p = 0.21-
0.27 (p > 0.3, n = 10-12; Table S8). With four seasons tested, we read the spring value cautiously.
Neither series was related to Nifio 3.4 (p = 0.14 and -0.17). SODA agreed with the IMECOCAL
measurements of the same cruises (p = 0.59, bias —-0.4°, root mean square difference 1.8°, n =
44) and over 1980-2015 showed no relation with temperature in any season (|p| < 0.22, p > 0.2).
The positive relation with regional temperature is therefore confined to 1951-1981.

In the IMECOCAL cruises of 1998-2000, species turnover across Punta Eugenia ranged from O to
0.44 and rose with the temperature difference between the zones (p = 0.61, p = 0.044, n = 11; Fig.
3c), but the relation depends on the January 1999 cruise (18 southern species, all also present in
the north, Bsim = 0): without it p = 0.48 (p = 0.16), and the Sgrensen dissimilarity showed no
relation (p = 0.04; Table S7). We treat it as suggestive.

Discussion
The three boundaries are not versions of one thermal limit (Fig. 4).

The Point Conception boundary behaves as a thermal and seasonal boundary: it moves about
three degrees of latitude between winter and summer-autumn with the 14.75°C isotherm,
experiences a quarter to a third of the seasonal temperature range of a fixed boundary, and is
sharpest in summer and autumn, when the gradient off the point is strongest. This is the classic
interpretation of the Point Conception break (Horn and Allen 1978), with the addition that the
break moves seasonally in the larval fauna, which helps explain why it has been controversial:
surveys in different seasons would place it at different latitudes, and populations that mix
across a line that is weak and displaced for part of the year need not diverge genetically there
(Burton 1998). The winter position is a weak maximum and spring is unresolved, so the
displacement rests on three seasons.



The Punta Eugenia boundary does not move with the seasons (although 124 of 300 autumn
replicates placed it at 26°N), temperature there changes as much as at any fixed latitude, and it
sits on no surface front: the two sides share the same surface water mass, the salinity gradient
at 29°N is unremarkable, and they differ only below 150 m. The boundary lies about one degree
north of Punta Eugenia, at the northern edge of Bahia Vizcaino, where the California Current
separates from the coast and eddies retain larvae and define assemblage limits (Aceves-Medina
et al. 2018; Durazo 2009, 2015); this retention is our proposed, untested mechanism. The
interannual behaviour of its salinity edge is consistent: in 1951-1981 the edge reached further
north in warm years, but in the better sampled 1997-2012 it did not, except during the 1997-
1998 El Nifo, when it left the sampled transect; and in the extreme events of 2011-2015 the 22°C
isotherm moved from about 26°N to 30°N while the larval boundary stayed in place (Aceves-
Medina et al. 2024). A boundary that stays in place while the water around it warms, cools and
changes salinity is more plausibly set by the circulation and the shape of the coast than by any
single property of the water, and such persistence would leave a lasting mark on species
distributions and genetic structure (Pitz et al. 2020; Ferrera-Rodriguez et al. 2024). Whether its
strength varies with the thermal contrast between its sides, as the 1998-2000 cruises suggest,
needs more than eleven cruises to settle.

The southern Baja California boundary sits on the strongest front of the coast, where the
California Current meets subtropical water, and is the sharpest break in the larval data in three
seasons. It is also a broad transition at the southern edge of what CalCOFI sampled, so its
position is resolved less precisely than the others and its southern limit not at all; with that
reservation, we keep it as a frontal transition anchored by geography.

Three limitations apply. The larval data are from 1951-1969 and the hydrographic medians
from 1951-2016, although 1951-1969 hydrography changed no conclusion (Table Séb). Seasonal
changes in a dissimilarity maximum can arise because different species spawn in different
seasons (Moser et al. 1987); whether the same taxa define the Point Conception break in each
season is untested. And the step from seasonal and interannual behaviour to long-term change
is a prediction, not a result.

As predictions, the three cases differ. A thermal, seasonal boundary should shift poleward with
its isotherm as the coast warms; the poleward range extensions of southern species in the 2014-
2016 marine heatwaves (Sanford et al. 2019) are that kind of response. A stationary boundary
set by the circulation, and a frontal transition anchored at a cape, should keep their positions
while the species on either side change, as the Punta Eugenia boundary did in 2011-2015. The
same tests apply to other eastern boundary currents, where capes, water-mass edges and
isotherms coincide in some places and not others (Camus 2001), and require only boundaries
located with one method in every season, their dissimilarity profiles shown, and hydrography
read at the boundary rather than averaged over a region.

Acknowledgments

Claude (Anthropic), a large language model, was used between 4 and 10 November 2026 under
the authors’ direction to write and run the Python code for data processing, boundary
detection, hydrographic analyses and figures; to locate and verify bibliographic records; to
outline a first draft; and to edit the text for English and style (all sections of the manuscript and
the Supporting Information). The authors conceived the study, defined every analysis, verified



the code and its outputs against the source data, checked every reference against the original
publication, rewrote the text, and take full responsibility for the content.

We thank the CalCOFI program and NOAA Southwest Fisheries Science Center for generations
of plankton sampling and identification, and GBIF for making the records available. The CTD
data of 1997-2012 were collected by the Investigaciones Mexicanas de la Corriente de California
(IMECOCAL) program (CICESE/UABC) and kindly provided by Reginaldo Durazo; the full
profiles are available on request from the program (http://imecocal.cicese.mx).

Conflicts of Interest

None declared.

References

Aceves-Medina, G., A. G. Uribe-Prado, S. P. A. Jiménez-Rosenberg, R. Durazo, R. J. Saldierna-
Martinez, R. Avendafio-Ibarra, and A. N. Sarmiento-Lezcano. 2024. “Influence of Extreme Cold
and Warm Oceanographic Events on Larval Fish Assemblages in the Southern Region of the
California Current.” Marine Ecology Progress Series 728: 199-219.

https://doi.org/10.3354 /meps14331.

Aceves-Medina, G, S. P. A. Jiménez-Rosenberg, R. J. Saldierna-Martinez, R. Durazo, A. T.
Hinojosa-Medina, M. E. Hernandez-Rivas, E. Gonzalez-Rodriguez, and G. Gaxiola-Castro. 2018.
“Distribution and Abundance of the Ichthyoplankton Assemblages and Its Relationships with
the Geostrophic Flow Along the Southern Region of the California Current.” Latin American
Journal of Aquatic Research 46, no. 1: 104-119. https://doi.org/10.3856 /vol46-issuel-fulltext-12.

Baselga, A. 2010. “Partitioning the Turnover and Nestedness Components of Beta Diversity.”
Global Ecology and Biogeography 19, no. 1: 134-143. https://doi.org/10.1111/j.1466-
8238.2009.00490.x.

Belanger, C. L., D. Jablonski, K. Roy, S. K. Berke, A. Z. Krug, and J. W. Valentine. 2012. “Global
Environmental Predictors of Benthic Marine Biogeographic Structure.” Proceedings of the
National Academy of Sciences 109, no. 35: 14046-14051.
https://doi.org/10.1073/pnas.1212381109.

Blanchette, C. A, C. M. Miner, P. T. Raimondji, D. Lohse, K. E. K. Heady, and B. R. Broitman. 2008.
“Biogeographical Patterns of Rocky Intertidal Communities Along the Pacific Coast of North
America.” Journal of Biogeography 35, no. 9: 1593-1607. https://doi.org/10.1111/j.1365-
2699.2008.01913.x.

Bograd, S.]., and R. J. Lynn. 2003. “Long-Term Variability in the Southern California Current
System.” Deep-Sea Research Part IT 50, no. 14-16: 2355-2370. https://doi.org/10.1016 /S0967-
0645(03)00131-0.

Briggs, J. C., and B. W. Bowen. 2012. “A Realignment of Marine Biogeographic Provinces with
Particular Reference to Fish Distributions.” Journal of Biogeography 39, no. 1: 12-30.
https://doi.org/10.1111/j.1365-2699.2011.02613.x.



Burton, R. S. 1998. “Intraspecific Phylogeography Across the Point Conception Biogeographic
Boundary.” Evolution 52, no. 3: 734-745. https://doi.org/10.1111/j.1558-5646.1998.tb03698.x.

Camus, P. A. 2001. “Biogeografia marina de Chile continental.” Revista Chilena de Historia
Natural 74: 587-617.

Carton, J. A,, G. A. Chepurin, and L. Chen. 2018. “SODA3: A New Ocean Climate Reanalysis.”
Journal of Climate 31, no. 17: 6967-6983. https://doi.org/10.1175/JCLI-D-18-0149.1.

Checkley, D. M., Jr., and J. A. Barth. 2009. “Patterns and Processes in the California Current
System.” Progress in Oceanography 83, no. 1-4: 49-64.
https://doi.org/10.1016 /j.pocean.2009.07.028.

Durazo, R. 2009. “Climate and Upper Ocean Variability off Baja California, Mexico: 1997-2008.”
Progress in Oceanography 83: 361-368. https://doi.org/10.1016 /j.pocean.2009.07.043.

Durazo, R. 2015. “Seasonality of the Transitional Region of the California Current System off
Baja California.” Journal of Geophysical Research: Oceans 120, no. 2: 1173-1196.
https://doi.org/10.1002 /2014]C010405.

Durazo, R., and T. R. Baumgartner. 2002. “Evolution of Oceanographic Conditions off Baja
California: 1997-1999.” Progress in Oceanography 54: 7-31. https://doi.org/10.1016/S0079-
6611(02)00041-1.

Fenberg, P. B, B. A. Menge, P. T. Raimondji, and M. M. Rivadeneira. 2015. “Biogeographic
Structure of the Northeastern Pacific Rocky Intertidal: The Role of Upwelling and Dispersal to
Drive Patterns.” Ecography 38, no. 1: 83-95. https://doi.org/10.1111/ecog.00880.

Ferrera-Rodriguez, M. R., L. Malpica-Cruz, A. Munguia-Vega, R. Beas-Luna, A. L. Flores-Morales,
and A. Abadia-Cardoso. 2024. “Revealing Genetic Patterns Across Ecoregions in the
Northeastern Pacific of California and Baja California.” Journal of Biogeography 51, no. 11: 2298-
2311. https://doi.org/10.1111/jbi.14988.

Gaylord, B., and S. D. Gaines. 2000. “Temperature or Transport? Range Limits in Marine Species
Mediated Solely by Flow.” American Naturalist 155, no. 6: 769-789.
https://doi.org/10.1086 /303357.

GBIF.org. 2026. GBIF Occurrence Download, 4 November 2026.
https://doi.org/10.15468 /dl.xu6bxk.

Horn, M. H,, and L. G. Allen. 1978. “A Distributional Analysis of California Coastal Marine
Fishes.” Journal of Biogeography 5, no. 1: 23-42. https://doi.org/10.2307/3038105.

Hsieh, C.-H., H.]. Kim, W. Watson, E. Di Lorenzo, and G. Sugihara. 2009. “Climate-Driven
Changes in Abundance and Distribution of Larvae of Oceanic Fishes in the Southern California
Region.” Global Change Biology 15, no. 9: 2137-2152. https://doi.org/10.1111/j.1365-
2486.2009.01875.x.

Huang, B, P. W. Thorne, V. F. Banzon, T. Boyer, G. Chepurin, J. H. Lawrimore, M. J. Menne, T. M.
Smith, R. S. Vose, and H.-M. Zhang. 2017. “Extended Reconstructed Sea Surface Temperature,



Version 5 (ERSSTv5): Upgrades, Validations, and Intercomparisons.” Journal of Climate 30, no.
20: 8179-8205. https://doi.org/10.1175/JCLI-D-16-0836.1.

Inda-Diaz, E. A., H. A. Inda-Diaz, O. U. Hernandez-Almeida, and J. Cepeda-Morales. 2026. Data
and Code for: Not All Marine Biogeographic Boundaries Track Temperature in an Eastern
Boundary Current. Zenodo. doi:10.5281/zenodo.24116322

Jiménez-Rosenberg, S. P. A. 2008. “Asociaciones de larvas de peces por estadio de desarrollo en
la costa noroccidental de la peninsula de Baja California.” PhD diss., Centro Interdisciplinario de
Ciencias Marinas, Instituto Politécnico Nacional.

Lenoir, ], R. Bertrand, L. Comte, L. Bourgeaud, T. Hattab, ]. Murienne, and G. Grenouillet. 2020.
“Species Better Track Climate Warming in the Oceans Than on Land.” Nature Ecology &
Evolution 4, no. 8: 1044-1059. https://doi.org /10.1038 /s41559-020-1198-2.

Lynn, R.J., and J.]. Simpson. 1987. “The California Current System: The Seasonal Variability of
Its Physical Characteristics.” Journal of Geophysical Research 92, no. C12: 12947-12966.
https://doi.org/10.1029 /JC092iC12p12947.

Miller, E. C. 2023. “Historical Biogeography Supports Point Conception as the Site of Turnover
Between Temperate East Pacific Ichthyofaunas.” PLoS ONE 18, no. 9: e0291776.
https://doi.org/10.1371/journal.pone.0291776.

Moser, H. G, and P. E. Smith. 1993. “Larval Fish Assemblages of the California Current Region
and Their Horizontal and Vertical Distributions Across a Front.” Bulletin of Marine Science 53,
no. 2: 645-691.

Moser, H. G, P. E. Smith, and L. E. Eber. 1987. “Larval Fish Assemblages in the California Current
Region, 1954-1960, a Period of Dynamic Environmental Change.” California Cooperative Oceanic
Fisheries Investigations Reports 28: 97-127.

NOAA SWFSC (Southwest Fisheries Science Center). 2026. CalCOFI NOAAHydros. ERDDAP
dataset erd NOAAhydros.
https://coastwatch.pfeg.noaa.gov/erddap/tabledap/erdNOAAhydros.html (accessed 5
November 2026).

Ohman, M. D., and P. E. Smith. 1995. “A Comparison of Zooplankton Sampling Methods in the

CalCOFI Time Series.” California Cooperative Oceanic Fisheries Investigations Reports 36: 153-
158.

Pappalardo, P.,J. M. Pringle, J. P. Wares, and J. E. Byers. 2015. “The Location, Strength, and
Mechanisms Behind Marine Biogeographic Boundaries of the East Coast of North America.”
Ecography 38, no. 7: 722-731. https://doi.org/10.1111/ecog.01135.

Peiro-Alcantar, M. T., R. Funes-Rodriguez, R. Gonzalez-Armas, R. Durazo, and P. Del Monte
Luna. 2016. “Spatiotemporal Variability of Demersal Fish Larvae Assemblages in the Southern
Region of the California Current.” Marine Biology Research 12, no. 5: 524-540.
https://doi.org/10.1080/17451000.2016.1164319.



Pinsky, M. L., B. Worm, M. J. Fogarty, J. L. Sarmiento, and S. A. Levin. 2013. “Marine Taxa Track
Local Climate Velocities.” Science 341, no. 6151: 1239-1242.
https://doi.org/10.1126 /science.1239352.

Pitz, K.].,J. Guo, S. B. Johnson, T. L. Campbell, H. Zhang, R. C. Vrijenhoek, F. P. Chavez, and J.
Geller. 2020. “Zooplankton Biogeographic Boundaries in the California Current System as
Determined from Metabarcoding.” PLoS ONE 15, no. 6: e0235159.
https://doi.org/10.1371/journal.pone.0235159.

Portela, E., E. Beier, E. D. Barton, R. Castro, V. Godinez, E. Palacios-Hernandez, P. C. Fiedler, L.
Sanchez-Velasco, and A. Trasvifia. 2016. “Water Masses and Circulation in the Tropical Pacific
off Central Mexico and Surrounding Areas.” Journal of Physical Oceanography 46: 3069-3081.
https://doi.org/10.1175/JPO-D-16-0068.1.

Sanford, E., J. L. Sones, M. Garcia-Reyes, J. H. R. Goddard, and J. L. Largier. 2019. “Widespread
Shifts in the Coastal Biota of Northern California During the 2014-2016 Marine Heatwaves.”
Scientific Reports 9: 4216. https://doi.org/10.1038 /s41598-019-40784-3.

Spalding, M. D., H. E. Fox, G. R. Allen, N. Davidson, Z. A. Ferdana, M. Finlayson, B. S. Halpern, et
al. 2007. “Marine Ecoregions of the World: A Bioregionalization of Coastal and Shelf Areas.”
BioScience 57, no. 7: 573-583. https://doi.org/10.1641/B570707.

Sunday, J. M., A. E. Bates, and N. K. Dulvy. 2012. “Thermal Tolerance and the Global
Redistribution of Animals.” Nature Climate Change 2, no. 9: 686-690.
https://doi.org/10.1038 /nclimatel539.

Table

Table 1. Position, strength and hydrography of the three larval fish assemblage boundaries by
season. Full data is the position obtained with all years; a boundary at band b marks the change
between the bands starting at b - 1 and b. The bootstrap median and 5th-95th percentiles are
from 300 replicates of years. A boundary is detected when the full-data position is a local
maximum of the dissimilarity profile and coincides with the bootstrap mode; where fewer than
300 replicates located a boundary within the window, their number follows. Dissimilarity is the
Bray-Curtis value at the full-data position, with its rank among all pairs of adjacent bands
along the coast in that season (1 = coast-wide maximum). T10 and S10 are temperature and
salinity at 10 m, the mean of the two bands on either side of the boundary (median across years,
CalCOFI hydrography 1951-2016, within 300 km of the coast); AT10 is the absolute temperature
difference between those two bands (°C per degree of latitude). The lower table gives, over the
seasons in which each boundary was detected, the range of T10 at its detected positions against
the range at a boundary fixed at the same bands, with all years and with 1951-1969 only (Table
S6). Seasons: W, winter (December-February); Sp, spring (March-May); Su, summer (June-
August); A, autumn (September-November).

Bootstrap
Sea Full median Dissimilarit T10 AT1
Boundary son (°N) (90%) Detected y (rank) °c) O S10

Point w32 33(32-35) yes 024 (5/16) 149 039 3340



Bootstrap

Sea Full median Dissimilarit T10 AT1
Boundary son (°N) (90%) Detected y (rank) (°c) O S10
Conception
Sp 35 33(32-36) no 0.20(5/15) 143 051 33.39
Su 35 35(35-35) yes 026 (5/17) 147 102 33.48
A 35 35(35-35) yes 039(1/15) 154 096 3341
Punta Eugenia W 29 29 (29-30) yes 0.25 (4/16) 16.6 0.50 33.59
Sp 29 29 (26-29)  yes 0.20(7/15) 157 0.36 33.55
Su 29 29 (29-29) yes 026 (6/17) 176 054 3361
A 29 29 (26-29)  yes 0.26 (8/15) 190 0.79 33.64
Southern Baja W 23 23 (23-24) yes 038 (1/16) 214 101 34.57
California
Sp 23 23 (23-24) yes,298 0.27 (1/15) 193 167 34.35
Su 23 23 (23-24) yes, 208 0.39(1/17) 233 289 34.29
A 24 24 (23-25)  yes, 221 0.35(2/15) 247 257 34.45
Range at Range at
boundary boundary
Seasons |, 1951- If fixed, 1951-2016 ,1951- If fixed, 1951-1969
Boundary detected 2016 (°C) (°C) 1969 (°C) (°C)
Point W+Su+A 0.7 3.0at 32°N; 2.2 at 12 2.7at 32°N; 2.2 at
Conception 35°N 35°N
Punta W+Sp+S 3.3 3.3 at 29°N 3.3 3.3 at 29°N
Eugenia u+A
Southern W+Sp+S 5.4 71at 23°N; 6.4 at 54 7.3 at 23°N; 6.5 at
Baja u+A 24°N 24°N

California



Figure legends
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Figure 1. (a) CalCOFI oblique plankton tows used (1951-1969, within 300 km of the coast; n =
19,337). Shaded bands show the range of the 90% bootstrap intervals of each boundary over all
seasons. (b) Latitude of the three larval fish assemblage boundaries by season: filled symbols at
the full-data position where the boundary was detected (local maximum coinciding with the
bootstrap mode) and an open symbol at the bootstrap median where it was not resolved (Point
Conception, spring); bars are the 90% interval of 300 bootstrap replicates of years and, where a
boundary was not found in every replicate, the number of valid replicates is given. Seasonal
shift between detected warm and cool seasons: Point Conception +2.3° (summer-autumn
minus winter; 90% interval O to +3.0°), Punta Eugenia -0.4° (summer-autumn minus winter—
spring; -2.0 to +1.0°), southern Baja California +0.6° (O to +1.5°).
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Figure 2. Temperature (a) and salinity (b) at 10 m at each boundary by season (median across
years of the mean of the two 1° bands on either side of the boundary; CalCOFI hydrography
1951-2016, within 300 km of the coast). Values are shown only for the seasons in which the
boundary was detected; the range among those seasons is given in the key, and the range a
boundary fixed at the same bands would experience over the same seasons is in Table 1. The
Point Conception boundary experiences a quarter to a third of the seasonal temperature range
of a fixed boundary; the other two experience the full local range. Salinity varies little at every
boundary because it has almost no seasonal cycle along this coast.
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Figure 3. (a) Latitude of the 33.6 isohaline at 10 m off Baja California by year and season, from
CalCOFI measurements (blue, 1951-1981, oceanic zone), IMECOCAL CTD measurements (orange,
1997-2012; triangles at the top and bottom mark cruises in which the whole sampled transect
was above or below 33.6) and the SODA 3.3.1 reanalysis (open grey symbols, 1980-2015). The
line and shading show the larval boundary at Punta Eugenia and the range of its 90% bootstrap
intervals over the seasons. (b) Isohaline latitude against the within-season temperature
anomaly at 10 m between 25 and 32°N, for the two measured periods. (c) Species turnover
(Simpson dissimilarity, Bsim) between the zones north and south of Punta Eugenia against the
temperature difference between them, for 11 IMECOCAL cruises in 1998-2000 (species lists
from Jiménez-Rosenberg 2008), with the range of the correlation when each cruise is left out in
turn; the circled point is the January 1999 cruise on which the correlation depends.

a Thermal, seasonal b Stationary, circulation c Frontal, anchored
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Figure 4. Three kinds of assemblage boundary along the California Current. (a) A thermal,
seasonal boundary that moves with an isotherm, keeps a nearly constant temperature and is



sharpest when the temperature gradient is strong (Point Conception). (b) A stationary
boundary set by the circulation, which stays in place through the seasons while the salinity
edge near it shifts between years independently of regional temperature (Punta Eugenia). (c) A
frontal transition anchored at the tip of the peninsula (southern Baja California). Italic text
gives the expected response to ocean warming.

Supporting Information

Tables S1-S8 and Figures S1-S4 (file SI_LOLetters): bootstrap replicates, full-data estimates,
coast-wide ranks and replicate frequencies (S1, Slb, Slc); hydrographic profiles by band and by
zone (S2); water-mass fractions (S3); the isohaline series from CalCOFI and SODA (S4) and from
IMECOCAL (S8); IMECOCAL turnover and its leave-one-out robustness (S5, S7); the seasonal-
range test and the 1951-1969 sensitivity (S6, S6b); temperature-salinity diagrams (Fig. S1),
latitudinal profiles (Fig. S2), stratification and dynamic height (Fig. S3) and dissimilarity
profiles (Fig. S4).



Supporting Information

Not all marine biogeographic boundaries track temperature in an eastern
boundary current

Emilio A. Inda-Diaz, Héctor A. Inda-Diaz, Oscar Ubisha Hernandez-Almeida, Jushiro Cepeda-
Morales

Limnology and Oceanography Letters

Contents

Table S1. Boundary latitude in each bootstrap replicate (CSV and XLSX only; 3,600 rows).
Table S2. Median temperature, salinity and density by latitude band and season (S2a),
and median profiles by zone (S2b; CSV and XLSX).

«  Table S3. Water-mass fractions by zone and layer.

«  Table S4. Latitude of the 33.6 isohaline by year and season (CSV and XLSX; 212 rows).

«  Table S5. IMECOCAL cruises 1998-2000: species richness and turnover across Punta
Eugenia.
Table S6. Seasonal range of temperature and salinity at each boundary against the range
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Table S7. Leave-one-out robustness of the turnover-temperature relation of Table S5.
Table S8. Latitude of the 33.6 isohaline in each IMECOCAL cruise, 1997-2012 (measured
CTD).

+  Figure S1. Temperature—salinity diagram of the four zones.
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«  Figure S3. Upper-ocean stratification and dynamic height.

+  Figure S4. Full-data dissimilarity profiles along the coast by season, with the search
windows and the boundaries.

All tables are also provided as Tables S1-S8.x1sx and as individual CSV files in the Zenodo
deposit.

Table S1

Latitude of each larval fish assemblage boundary in each of the 300 bootstrap replicates of
years, by season, with the Bray-Curtis dissimilarity between the two bands that define it.
Provided as Table S1 bootstrap replicates.csv. Table Slb gives, for each boundary
and season, the position obtained with the full data set, the dissimilarity at that position and its
rank among all adjacent-band pairs of the coast in that season (1 = coast-wide maximum), the
bootstrap median and 90 % interval, the modal band among replicates with its frequency,
whether the full-data position is a local maximum of the dissimilarity profile and whether the
boundary is classified as detected (full-data position is a local maximum and coincides with the
bootstrap mode; otherwise “not resolved”, as for Point Conception in spring), the position used



in the main text, and the number of replicates (out of 300) in which a boundary could be
located within the search window. Table Slc gives the full frequency distribution of bands
among replicates.
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Table S2a

Median across years (1951-2016) of temperature (T, °C), salinity (S) and potential density
anomaly (D, g, kg m) at 10 m and 50 m in each 1° latitude band and season, from CalCOFI
hydrographic casts within 300 km of the coast. Values were first averaged within each year.
years is the number of years with data.

band_

season N years TI0 S10 D10 T50 S50 D50
Winte 22 10 2193 3457 2393 2021 3459 2435
r

Winte 23 13 2092 3457 2413 1886 3438  24.57
r

Winte 24 22 1980 3433 2429 1801 3416 2460
r

Winte 25 25 1930 3413 2430 1697 3392  24.69
r

Winte 26 26 18.06 3397 2443 1659 3380 2476
r

Winte 27 25 1714 3380 2449 1596 3373  24.72
r

Winte 28 28 1682  33.65 2456 1593  33.60 2473
r

Winte 29 28 1632 3354 2456 1562 3350 2471
r

Winte 30 27 15.68 3347 2463 1465 3344 2486
r

Winte 31 63 15.05 3340 2470 1431 3338 2484
r

Winte 32 64 1466 3341 2480 1346 3341  25.08
r

Winte 33 64 1421 3336 2484 1296 3340 2518
r

Winte 34 63 1348 3334 2504 1235 3342 2532
r

Winte 35 o4 1291 3329 2505 1214 3340 2528

r
Winte 36 35 1284 3323 2505 1202 3335 2529



band_

season N years TI0 S10 D10 T50 S50 D50
r

Winte 37 30 1227 3316 2510 1163 3335 2532
r

Winte 38 3 11.61 3313 2521 1146 3320 2529
r

Winte 39 3 11.01 3288 2513 1094 33.07 2529
r

Winte 40 3 .03 3271 2499 106 3277 25.03
r

Spring 22 7 2017 3456 2437 1826 3437 24.73
Spring 23 12 18.50 3415 2448 1762 3420 2462
Spring 24 21 18.09 3406 2454 1692 3402 2473
Spring 25 22 1729 3391 2463 1581 3390 2493
Spring 26 22 16.64 3376 2468 1485 3377 25.03
Spring 27 23 1633 33,65 2466 1479 33,62 2494
Spring 28 25 1587 3358 2470 1484 3360 2492
Spring 29 26 1550 3351 2474 1423 3352 2494
Spring 30 28 1539 3347 2470 1448 3348 2490
Spring 31 63 1490 3337 2476 1385 3338 2496
Spring 32 63 1456 3338 2482 1257 3343 2524
Spring 33 63 1406 3341 2492 1193 3347 2539
Spring 34 63 1301 3343 2515 1148 3349 2550
Spring 35 61 1254 3332 2522 1084 3343  25.53
Spring 36 47 1224 3320 2521 1091 3341 2554
Spring 37 43 11.80 33.05 2523 1024 3339  25.65
Spring 38 10 11.83 3284 2494 1126 3297 2514
Spring 39 9 11.03 3288 2512 991 3323  25.64
Spring 40 9 1098 3278 2497 11.04 3301 2538
Summ 22 7 24775 3455 2387 1698 3423 2494
er

Summ 23 7 2186 3403 2399 1674 3403 2467
er

Summ 24 21 21.02 3387 2404 1646 3379 2468
er

Summ 25 21 2056 3383 2389 1534 3380 2498
er

Summ 26 23 1936 3380 2409 1491 3376 2497



band_

season N years TI0 S10 D10 T50 S50 D50
er

Summ 27 26 1880 3371 2413 1484 3360 2481
er

Summ 28 25 17.87  33.64 2428 1474 3358  24.86
er

Summ 29 27 1734 3359 2433 1458 3352 2487
er

Summ 30 25 1694 3349 2429 1428 3343  24.87
er

Summ 31 55 1711 3343 2425 1372 3339 2497
er

Summ 32 55 1727 3350 2434 1236 3346 2527
er

Summ 33 55 16,70 3346 2443 12.08 3347 2538
er

Summ 34 55 1521 3350 2477 1137 3352 2559
er

Summ 35 52 1418 3346 2491 1129 3350 2553
er

Summ 36 30 1353 3334 2497 1077 3342 2555
er

Summ 37 29 1325 3344 2513 1013 3355  25.77
er

Summ 38 14 1206 3317 2528 1027 3336  25.63
er

Summ 39 13 1296  33.06 2493 1094 33.05 2522
er

Summ 40 13 1402 3291 2467 1039 33.06 2536
er

Autu 22 ) 2682 3451 2239 2376 3433 2332
mn

Autu 23 ) 2600 3453 2267 2075 3423 2397
mn

Autu 24 14 2343 3438 2321 1807 3393 2439
mn

Autu 25 19 23.02 3433 2326 1710  33.87  24.57
mn

Autu 26 19 2180 3410 2352 1713 3373 2454

mn



band_

season N years TI0 S10 D10 T50 S50 D50
Autu 27 20 2043 3389 2370 1586  33.64 24.77
mn

Autu 28 20 1937 3369 2389 1648 3355 2451
mn

Autu 29 20 1859 3360 2401 1525 3350 @ 24.67
mn

Autu 30 22 1832 3351 2402 1529 3341 2467
mn

Autu 31 o4 1791 3340 2407 1482 3331 2470
mn

Autu 32 o4 17.83 3347 2414 1350 3333  25.01
mn

Autu 33 595 17.04 3344 2431 1259 3338 2518
mn

Autu 34 o4 1585 3342 2457 1225 3338 2528
mn

Autu 35 46 1490 3341 2475 1228 3346 2534
mn

Autu 36 18 1429 3334 2482 1185 3340 2533
mn

Autu 37 17 1415 3334 2485 1163 3344 2549
mn

Autu 38 4 1384 3315 2478 1223 3331 2521
mn

Autu 39 4 1525 3291 2452 1197 3313 2514
mn

Autu 40 4 13.07 3278 2437 1173 3327 2530
mn

Autu 41 1 18.00

mn

Table S2b

Median across years of absolute salinity (SA, g kg) and conservative temperature (CT, °C) at
standard depths from O to 300 m in the four zones defined by the larval boundaries, for the
oceanic (bottom deeper than 200 m) and shelf domains. Provided as

Table S2b zone profiles.csv.At200 m in the oceanic domain, water south of Punta
Eugenia is saltier and warmer than water to the north, whereas the two sides of Point
Conception are indistinguishable (main text).



Table S3

Fraction of hydrographic samples assigned to each water mass, by zone, domain and depth
layer (mean across years of the within-year fraction). Water masses follow the temperature-
salinity limits of Portela et al. (2016; CCW California Current Water, TSW Tropical Surface
Water, GCW Gulf of California Water, StSsW Subtropical Subsurface Water, PIW Pacific
Intermediate Water) and Durazo and Baumgartner (2002; SAW Subarctic Water, StSW
Subtropical Surface Water, ESsW Equatorial Subsurface Water). The zone south of the southern
Baja California boundary has 12 yr of sampling. The table below shows the oceanic domain and
the water masses that reach at least 5 % in some layer; the full table is

Table S3 water mass fractions.csv.
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Table S4

Latitude of the 33.6 isohaline at 10 m in the oceanic zone off Baja California, by year and season,
from CalCOFI measurements (years and seasons with at least three 0.5° bands with data on
each side of 28.5°N) and from the SODA 3.3.1 reanalysis, with the mean temperature at 10 m
between 25 and 32°N and the Nino 3.4 index (ERSSTv5). Provided as

Table S4 isohaline 33 6.csv.

Table S5

IMECOCAL cruises of 1998-2000 (species lists from Jiménez-Rosenberg 2008): number of larval
fish species recorded north (CalCOFI lines 100-120) and south (lines 123 and beyond) of Punta
Eugenia, species shared and exclusive, Simpson dissimilarity (Bsim), Serensen dissimilarity
(Bsor) and its nestedness component (Bsne; Baselga 2010), and mean temperature at 10 m in
each zone with their difference (AT, south minus north).

rich rich
ENS ness ness only only T10_ Ti10_
crui Op mon _nor _sou shar _nor _sou beta beta beta nort sout delt
se hase th th th ed th th sim _sor _sne h h aT

000 La 1 43 49 26 17 23 040 043 004 159 179 200

1 Nin 0 0
a
9801 El 1 78 42 28 50 14 033 053 020 183 200 170
Nin 0 0
0
1997

-98



rich rich
ENS ness ness only only T10_ Ti10_
crui Op mon _nor _sou shar _nor _sou beta beta beta nort sout delt

se hase th th th ed th th sim _sor _sne h h aT

9901 La 1 44 18 18 26 0 000 042 042 156 159 0.30

Nif 0 0
a
000 1Ia 4 67 31 26 41 5 016 047 031 158 164 0.60
4 Nin 0 0
a
990 1la 4 52 34 30 22 4 012 030 018 147 156 0.90
4 Nif 0 0
a
000 1Ia 7 78 56 38 40 18 032 043 011 182 20.7 250
7 Nin 0 0
a
980 El 7 56 52 40 16 12 023 026 003 196 215 190
7 Nif 0 0
0
1997
-98
990 1la 8 75 59 45 30 14 024 033 009 185 202 170
8 Nin 0 0
a
001 1Ia 10 69 45 33 36 12 027 042 015 193 214 210
0 Nif 0 0
a
9810 El 10 57 39 29 28 10 026 040 014 195 202 0.70
Nin 0 0
o)
1997
-98
9910 la 10 55 52 29 26 23 044 046 002 191 208 170
Nif 0 0
a
Table S6

Test of the “constant property” argument. For each boundary, the seasonal range (maximum
minus minimum across the four seasons) of temperature and salinity at 10 m experienced at its
detected positions (rows labelled “detected positions”; the seasons used are listed in the
seasons column and exclude the unresolved Point Conception spring), compared with the
range over the same seasons that a boundary fixed at each band edge from 23 to 36°N would
experience (rows labelled with that band). A boundary that follows an isotherm should



experience a much smaller temperature range than a fixed boundary at the same latitudes;
because salinity has almost no seasonal cycle anywhere along this coast, a small salinity range
is expected for any stationary boundary and is not evidence of water-mass control. The last
rows repeat the test with hydrography from 1951-1969 only, the years of the larval data. Table
S6b gives the entries of Table 1 (temperature, temperature gradient and salinity at 10 m at each
boundary) computed with all years (1951-2016) and with 1951-1969 only; for the unresolved
Point Conception spring the row is given at the bootstrap median (33°N) for completeness and

flagged as not detected.

seasonal ran seasonal ran
boundary position seasons hydrography ge_T10_degC ge_S10
Point detected DEF+JJA+SO  1951-2016 0.68 0.08
Conception positions N
Punta detected DEF+]JJA+MA 1951-2016 3.30 0.10
Eugenia positions M+SON
Southern detected DEF+JJA+MA 1951-2016 5.38 0.28
Baja positions M+SON
California
Point 23 DEF+JJA+SO  1951-2016 4.98 0.28
Conception N
Punta 23 DEF+JJA+MA 1951-2016 7.07 0.28
Eugenia M+SON
Southern 23 DEF+JJA+MA 1951-2016 7.07 0.28
Baja M+SON
California
Point 24 DEF+]JJA+SO  1951-2016 4.35 0.51
Conception N
Punta 24 DEF+JJA+MA 1951-2016 6.42 0.51
Eugenia M+SON
Southern 24 DEF+]JJA+MA 1951-2016 6.42 0.51
Baja M+SON
California
Point 25 DEF+JJA+SO  1951-2016 3.67 0.50
Conception N
Punta 25 DEF+JJA+MA 1951-2016 5.53 0.50
Eugenia M+SON
Southern 25 DEF+JJA+MA 1951-2016 5.53 0.50
Baja M+SON
California
Point 26 DEF+]JJA+SO  1951-2016 3.73 0.40
Conception N
Punta 26 DEF+]JJA+MA 1951-2016 5.45 0.40
Eugenia M+SON



seasonal_ran

seasonal_ran

boundary position seasons hydrography ge_T10_degC ge_S10
Southern 26 DEF+]JJA+MA 1951-2016 5.45 0.40
Baja M+SON

California

Point 27 DEF+JJA+SO  1951-2016 3.51 0.24
Conception N

Punta 27 DEF+]JJA+MA 1951-2016 4.63 0.29
Eugenia M+SON

Southern 27 DEF+JJA+MA 1951-2016 4.63 0.29
Baja M+SON

California

Point 28 DEF+]JJA+SO  1951-2016 292 012
Conception N

Punta 28 DEF+]JJA+MA 1951-2016 3.81 0.17
Eugenia M+SON

Southern 28 DEF+]JJA+MA 1951-2016 3.81 0.17
Baja M+SON

California

Point 29 DEF+JJA+SO  1951-2016 241 0.05
Conception N

Punta 29 DEF+]JJA+MA 1951-2016 3.30 0.10
Eugenia M+SON

Southern 29 DEF+]JJA+MA 1951-2016 3.30 0.10
Baja M+SON

California

Point 30 DEF+]JJA+SO  1951-2016 2.46 0.05
Conception N

Punta 30 DEF+]JJA+MA 1951-2016 3.01 0.06
Eugenia M+SON

Southern 30 DEF+JJA+MA 1951-2016 3.01 0.06
Baja M+SON

California

Point 31 DEF+JJA+SO  1951-2016 2.75 0.03
Conception N

Punta 31 DEF+]JJA+MA 1951-2016 297 0.04
Eugenia M+SON

Southern 31 DEF+JJA+MA 1951-2016 2.97 0.04
Baja M+SON

California

Point 32 DEF+JJA+SO  1951-2016 3.02 0.06
Conception N



seasonal_ran

seasonal_ran

boundary position seasons hydrography ge_T10_degC ge_S10
Punta 32 DEF+]JJA+MA 1951-2016 3.14 0.09
Eugenia M+SON

Southern 32 DEF+]JJA+MA 1951-2016 3.14 0.09
Baja M+SON

California

Point 33 DEF+JJA+SO  1951-2016 3.00 0.09
Conception N

Punta 33 DEF+JJA+MA 1951-2016 313 0.09
Eugenia M+SON

Southern 33 DEF+]JJA+MA 1951-2016 313 0.09
Baja M+SON

California

Point 34 DEF+]JJA+SO  1951-2016 2.60 0.13
Conception N

Punta 34 DEF+]JJA+MA 1951-2016 292 0.13
Eugenia M+SON

Southern 34 DEF+JJA+MA 1951-2016 292 0.13
Baja M+SON

California

Point 35 DEF+JJA+SO  1951-2016 218 0.17
Conception N

Punta 35 DEF+]JJA+MA 1951-2016 2.60 0.17
Eugenia M+SON

Southern 35 DEF+JJA+MA 1951-2016 2.60 0.17
Baja M+SON

California

Point 36 DEF+JJA+SO  1951-2016 172 0.14
Conception N

Punta 36 DEF+JJA+MA 1951-2016 2.20 0.14
Eugenia M+SON

Southern 36 DEF+]JJA+MA 1951-2016 2.20 0.14
Baja M+SON

California

Point detected DEF+]JJA+SO  1951-1969 117 0.03
Conception positions N

Punta detected DEF+JJA+MA 1951-1969 3.33 0.08
Eugenia positions M+SON

Southern detected DEF+JJA+MA 1951-1969 5.36 0.36
Baja positions M+SON

California



seasonal_ran

seasonal_ran

boundary position seasons hydrography ge_T10_degC ge_S10
Point 23 DEF+JJA+SO  1951-1969 513 0.36
Conception N

Punta 23 DEF+JJA+MA 1951-1969 7.26 0.36
Eugenia M+SON

Southern 23 DEF+]JJA+MA 1951-1969 7.26 0.36
Baja M+SON

California

Point 24 DEF+]JJA+SO  1951-1969 4.19 0.54
Conception N

Punta 24 DEF+]JJA+MA 1951-1969 6.50 0.54
Eugenia M+SON

Southern 24 DEF+]JJA+MA 1951-1969 6.50 0.54
Baja M+SON

California

Point 25 DEF+]JJA+SO  1951-1969 3.80 0.54
Conception N

Punta 25 DEF+]JJA+MA 1951-1969 5.711 0.54
Eugenia M+SON

Southern 25 DEF+]JJA+MA 1951-1969 5.711 0.54
Baja M+SON

California

Point 26 DEF+JJA+SO  1951-1969 3.86 0.39
Conception N

Punta 26 DEF+]JJA+MA 1951-1969 5.54 0.39
Eugenia M+SON

Southern 26 DEF+]JJA+MA 1951-1969 5.54 0.39
Baja M+SON

California

Point 27 DEF+]JJA+SO  1951-1969 3.56 0.24
Conception N

Punta 27 DEF+]JJA+MA 1951-1969 4.83 0.28
Eugenia M+SON

Southern 27 DEF+]JJA+MA 1951-1969 4.83 0.28
Baja M+SON

California

Point 28 DEF+JJA+SO  1951-1969 3.10 0.12
Conception N

Punta 28 DEF+]JJA+MA 1951-1969 4.01 0.15
Eugenia M+SON

Southern 28 DEF+JJA+MA 1951-1969 4,01 0.15



seasonal_ran

seasonal_ran

boundary position seasons hydrography ge_T10_degC ge_S10
Baja M+SON

California

Point 29 DEF+]JJA+SO  1951-1969 2.60 0.07
Conception N

Punta 29 DEF+]JJA+MA 1951-1969 3.33 0.08
Eugenia M+SON

Southern 29 DEF+]JJA+MA 1951-1969 3.33 0.08
Baja M+SON

California

Point 30 DEF+JJA+SO  1951-1969 2.67 0.05
Conception N

Punta 30 DEF+]JJA+MA 1951-1969 3.07 0.05
Eugenia M+SON

Southern 30 DEF+]JJA+MA 1951-1969 3.07 0.05
Baja M+SON

California

Point 31 DEF+]JJA+SO  1951-1969 2.63 0.07
Conception N

Punta 31 DEF+]JJA+MA 1951-1969 295 0.07
Eugenia M+SON

Southern 31 DEF+JJA+MA 1951-1969 295 0.07
Baja M+SON

California

Point 32 DEF+JJA+SO  1951-1969 2.74 0.09
Conception N

Punta 32 DEF+]JJA+MA 1951-1969 3.16 0.09
Eugenia M+SON

Southern 32 DEF+]JJA+MA 1951-1969 3.16 0.09
Baja M+SON

California

Point 33 DEF+JJA+SO  1951-1969 3.05 0.13
Conception N

Punta 33 DEF+]JJA+MA 1951-1969 3.28 0.13
Eugenia M+SON

Southern 33 DEF+]JJA+MA 1951-1969 3.28 0.13
Baja M+SON

California

Point 34 DEF+JJA+SO  1951-1969 2.56 0.13
Conception N

Punta 34 DEF+]JJA+MA 1951-1969 295 0.13



seasonal_ran

seasonal_ran

boundary position seasons hydrography ge_T10_degC ge_S10
Eugenia M+SON

Southern 34 DEF+]JJA+MA 1951-1969 295 0.13
Baja M+SON

California

Point 35 DEF+JJA+SO  1951-1969 219 0.13
Conception N

Punta 35 DEF+JJA+MA 1951-1969 2.60 0.13
Eugenia M+SON

Southern 35 DEF+JJA+MA 1951-1969 2.60 0.13
Baja M+SON

California

Point 36 DEF+JJA+SO  1951-1969 1.88 0.08
Conception N

Punta 36 DEF+]JJA+MA 1951-1969 2.50 0.14
Eugenia M+SON

Southern 36 DEF+]JJA+MA 1951-1969 2.50 0.14
Baja M+SON

California

bounda hydrogr gradien

ry season  aphy lat N detected T10 t_T10 S10 years
Point Winter  1951- 32 True 14.86 0.39 33.40 63
Concept 2016

ion

Point Winter  1951- 32 True 14.88 0.44 33.44 18
Concept 1969

ion

Point Summe 1951- 35 True 14.70 1.02 33.48 52
Concept r 2016

ion

Point Summe 1951- 35 True 1411 0.03 33.42 16
Concept r 1969

ion

Point Spring  1951- 33 False 14.31 0.51 33.39 63
Concept 2016

ion

Point Spring  1951- 33 False 1421 0.39 33.43 17
Concept 1969

0on



bounda hydrogr gradien

ry season  aphy lat N detected T10 t_ T10 S10 years
Point Autumn 1951- 35 True 15.38 0.96 33.41 46
Concept 2016

ion

Point Autumn 1951- 35 True 15.28 0.52 33.45 12
Concept 1969

ion

Punta Winter  1951- 29 True 16.57 0.50 33.59 28
Eugenia 2016

Punta Winter  1951- 29 True 16.21 0.29 33.57 18
Eugenia 1969

Punta Summe 1951- 29 True 17.60 0.54 33.61 25
Eugenia r 2016

Punta Summe 1951- 29 True 17.35 0.79 33.61 19
Eugenia r 1969

Punta Spring 1951- 29 True 15.68 0.36 33.55 25
Eugenia 2016

Punta Spring 1951- 29 True 15.48 0.25 33.56 17
Eugenia 1969

Punta Autumn 1951- 29 True 18.98 0.78 33.64 20
Eugenia 2016

Punta Autumn 1951- 29 True 18.81 0.69 33.64 17
Eugenia 1969

Souther Winter 1951- 23 True 21.42 1.01 34.57 10
n Baja 2016

Californ

ia

Souther Winter 1951- 23 True 21.59 0.75 34.57 9
n Baja 1969

Californ

ia

Souther Summe 1951- 23 True 23.31 2.89 34.29 7
n Baja r 2016

Californ

ia

Souther Summe 1951- 23 True 21.45 0.82 34.21 3
n Baja r 1969

Californ

ia

Souther Spring  1951- 23 True 19.33 167 34.35 7
n Baja 2016



bounda hydrogr gradien

ry season  aphy lat N detected T10 t_ T10 S10 years
Californ

ia

Souther Spring  1951- 23 True 19.33 167 34.35 7
n Baja 1969

Californ

ia

Souther Autumn 1951- 24 True 24.71 2.57 34.45 5
n Baja 2016

Californ

ia

Souther Autumn 1951- 24 True 24.69 2.54 34.41 4
n Baja 1969

Californ

ia

Table S7

Robustness of the relation between species turnover (Bsim) across Punta Eugenia and the
temperature difference between its two sides (Table S5, n = 11 cruises): Spearman correlation
after removing each cruise in turn, the same for Sgrensen dissimilarity (Bsor), and the
correlation of Bsim with the species richness recorded south of Punta Eugenia. The relation
depends on the January 1999 cruise (18 species recorded in the south, Bsim = 0) and is not
present in Bsor; we therefore treat it as suggestive.

cruise_rem rho_bsim_ rho_bsor_d rho_bsim_r p_bsim_riq
oved dT p_bsim_dT T p_bsor_ dT iq_sur_full _sur_full
none 0.61 0.04 0.04 0.92 0.55 0.08
0001 0.61 0.06 -0.02 0.96 0.55 0.08
9801 0.68 0.03 0.04 091 0.55 0.08
9901 0.48 0.16 -0.08 0.83 0.55 0.08
0004 0.51 013 0.26 0.46 0.55 0.08
9904 0.55 0.10 -0.04 091 0.55 0.08
0007 0.63 0.05 -0.03 0.93 0.55 0.08
9807 0.68 0.03 0.17 0.65 0.55 0.08
9908 0.61 0.06 0.04 091 0.55 0.08
0010 0.63 0.05 -0.03 0.93 0.55 0.08
9810 0.61 0.06 -0.02 0.96 0.55 0.08

9910 0.71 0.02 0.09 0.81 0.55 0.08



Table S8

Latitude of the 33.6 isohaline at 10 m in each IMECOCAL cruise (CTD, 1997-2012; 54 cruises, 45
with a crossing between 25 and 32°N), with the number of casts, the latitude range sampled,
the number of 0.5° bands, the crossing status, the mean temperature at 10 m between 25 and
32°N and its within-season anomaly, the seasonal Nifio 3.4 index and the SODA 3.3.1 estimate
for the same season. Across cruises the isohaline latitude is unrelated to the temperature
anomaly (Spearman p = 0.006, p = 0.9671, n = 45; with censored cruises placed at the domain
edges p = 0.121, p = 0.3919, n = 52) and to Nifio 3.4 (p = -0.172, p = 0.2591); SODA agrees with the
measurements (P = 0.593, bias -0.37°, RMSE 1.78°, n = 44). Provided as

Table S8 IMECOCAL isohaline 1997 2012.csv.
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Figure S1. Temperature—salinity diagram (TEOS-10) of the median profiles from O to 200 m in
the oceanic domain of the four zones defined by the larval fish boundaries (CalCOFI



hydrography 1951-2016, within 300 km of the coast). Numbers mark 0, 100 and 200 m. Solid
boxes are the water-mass limits of Portela et al. (2016) and dashed boxes those of Durazo and
Baumgartner (2002), converted to TEOS-10; abbreviations as in Table S3. Grey lines are
isopycnals.
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Figure S2. Median across years of temperature, salinity and potential density anomaly at 10 m
(top) and 50 m (bottom) in 1° latitude bands, by season (CalCOFI hydrography 1951-2016,
within 300 km of the coast). Dotted vertical lines mark the latitude of the three larval
boundaries in each season (Table 1).
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Figure S3. Upper-ocean stratification and dynamic height by 1° latitude band and season, from
CalCOFI casts with data from 10 to at least 100 m (stratification; n = 17,006) or from O to 200 m
(dynamic height; n = 15,888), within 300 km of the coast: density difference between 100 and 10
m, potential energy anomaly of the upper 100 m, and dynamic height of the surface relative to



200 dbar. Dotted vertical lines mark the three larval boundaries in each season. The southern
Baja California boundary lies on the largest increase in stratification of the coast in spring and
autumn but not in winter; neither variable marks the Point Conception or Punta Eugenia
boundaries consistently, so neither was used in the main text.
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Bray-Curtis dissimilarity between adjacent bands

Figure S4. Bray-Curtis dissimilarity between adjacent 1° latitude bands of larval fish
assemblages (rarefied to 20 tows, square-root frequencies) along the coast in each season,
computed with the full 1951-1969 data set; the value at band edge b compares the bands
starting at b - 1and b. Shaded areas are the three search windows (southern Baja California 23—
26°N, Punta Eugenia 26-30°N, Point Conception 32-36°N) and dotted lines the full-data
boundary positions (Table S1b). The Point Conception boundary is a coast-wide maximum in
autumn and a clear local maximum in summer, but in winter and spring the profile is flat
across the window; the Punta Eugenia boundary is a modest but consistent local maximum at
29°N; the southern Baja California boundary is the coast-wide maximum in three seasons but
lies at the southern edge of the sampled domain on a broad plateau of high dissimilarity.
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