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Figures 

 

 

Fig. S1. Time series plot of SST (°C) averaged across 5° latitudinal bands in each decade (n= 
34). The 25

th
 and 75

th
 percentiles are indicated by the lower and upper boundaries of the boxes, 

respectively. The black line inside the boxes represents the medians. The points outside the 
boxes are outliers. 
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Fig. S2. Comparison of density plots of the extreme latitudes of observation records in three time 
periods (1955—1974, 1975—1994, 1995—2015) of cosmopolitan species found in both the 
hemispheres, with (A) their extreme northern latitude and (B) their extreme southern latitude 
illustrated, and species found predominantly in the (C) northern hemisphere and (D) southern 
hemisphere. Species were classified as northern and southern, when >=75% of observations fell 
in one hemisphere or the other; the remaining species were classified as cosmopolitan. Note: this 
comparison was based on species common to all three time periods. 
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A  1955 to 1974 

 
B  1975 to 1994 

 
 
C  1995—2015 

 
Fig.S3. Sampling coverage (black dots) in the time period: (A) 1955—1974, (B) 1975—

1994 and (C) 1995—2015. 
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Fig. S4. The latitudinal distribution of species richness in marine taxa at the scale of 5° latitudinal 
bands based on the GAMs (the effect of Latitude adjusting for shelf area), where the degree of 
smoothness for each parameter was estimated using generalised cross validation, for (A) All 
species; (B) Pelagic species; (C) Benthic species; (D-E) organisms in the pelagic environment; 
and (F-M) organisms living near, on or in the seabed. The shaded region in each graph shows 
the ±95% confidence envelope for the fit. 
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Fig. S5. The relationship between species richness and sea surface temperature (SST) based on 
the GAMs, where the degree of smoothness for each parameter was estimated using generalised 
cross validation, for (A) All species; (B) Pelagic species; (C) Benthic species; (D-E) organisms in 
the pelagic environment; and (F-M) seabed associated organisms. The shaded region in each 
graph shows the ±95% confidence envelope for the fit. 
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Fig. S6. Latitudinal distribution in species richness using GAMs (the effect of Latitude adjusting 
for shelf area in each 5° latitudinal band), where the degree of smoothness for each parameter 
was estimated using generalised cross validation, for (A) All species, (B) Pelagic, and (C) Benthic 
species in three time periods: 1955—1974 (green), 1975—1994 (purple), and 1995—2015 (red). 
Shaded regions represent ±95% confidence envelopes for models fit to each of the periods, with 
shades (from green to red) reflecting progression of time periods from older to more recent. 
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Table S1. Examples of explanations given for the latitudinal gradients in marine species richness 
in the literature, listed chronologically. 

Study Taxa (species) Region Explanation 

    
Rex et al. (1) Deep-sea benthos (97 

epibenthic sled samples) 
Atlantic Seasonal sinking of organic 

matter (availability of food) 
Bolton (2) Seaweeds (> 1,700)  Global Climate and historical events 
Flessa and Jablonski (3) Bivalves (600 genera) Global Mass extinction 
Roy et al (4) Marine prosobranch 

gastropods (3,916) 
Western Atlantic 
and eastern 
Pacific Ocean 
from the tropics 
to the Arctic 

Sea surface temperature 
(SST)  

Rutherford et al. (5) Planktonic foraminifers (33)  Global Temperature variation with 
depth  

Roy et al. (6) Bivalves (930) North-eastern 
Pacific marine 
shelf 

SST 

Crame (7) Marine bivalves (29) Global (shallow 
water) 

Productivity 

Rex et al. (8) Deep-sea benthos (isopods, 
gastropods, and bivalves) (93) 

North Atlantic Seasonal sinking of organic 
matter (availability of food) 

Culver and Buzas (9) Benthic foraminifera (< 25) Atlantic Ocean 
(Norwegian Sea 
to the Weddell 
Sea) 

Ecological and historical 
factors related to food supply 

Willig (10) Crustaceans, molluscs, corals, 
brachiopods, foraminifers, 
vascular plants, mammals, 
birds, reptiles, amphibians, 
fish, tunicates (review) 

The coastal 
areas of North 
and South 
America 

Geographic area, 
evolutionary speed, Rapoport 
effect, and geographic 
constraint 

Macpherson (11) Fish and invertebrates (6,643) Atlantic Ocean SST (best predictor for 
benthic taxa) and nitrate 
concentration (pelagic taxa) 

Woodd-Walker et al. (12) Copepod diversity (47 genera) Atlantic Ocean Temporal patterns of primary 
and secondary production 

Connolly et al. (13) Reef corals (727) and 
associated reef fish (1,766) 

IWP Geographic constraints, 
environmental variables, 
speciation, and extinction 

Mora et al. (14) Reef fish (1,970) Indian and 
Pacific oceans 

Dispersal 

Valdovinos et al. (15) Marine molluscs (629) Pacific South 
American shelf 

Shelf area  

Gage et al. (16) Cumacea (225)  Atlantic Biogeography 
Witman et al. (17) Marine benthic communities (> 

3,000) 
Global Colonisation 

Gratwicke and Speight 
(18) 

Caribbean fish (530) South shore of 
Tortola 

Habitat complexity  

Rex et al. (19) Benthic molluscs (189) Global Nutrient input 
Worm et al. (20) Tuna and bill fish (145) Global Thermoregulation, dissolved 

oxygen, and temperature 
Brayard et al. (21) Foraminifers (33) Atlantic Ocean SST and sea surface current 
Dolan et al. (22) Tintinnids (30)  Global Food resources 
Kerswell (23) Benthic marine micro algae 

and Bryopsidales (191) 
Global Competition among corals 

and variation in speciation 
and extinction  

Fuhrman et al. (24) Planktonic marine bacteria 
(103 samples, 1,129 
genotypes) 

Global (57 
locations, 
coastal and 
deep sea) 

SST  

Rombouts et al. (25) Marine copepod diversity (~70) Global Ocean temperature, salinity, 
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and energy (Chlorophyll a) 
Tittensor et al. (26) Fish and sharks (coastal and 

oceanic), cephalopods, corals, 
pinnipeds, euphausiids, 
foraminifers, cetaceans, 
mangroves (11,567) 

Global SST 

Kaschner et al. (27) Marine mammals (115) Global Global warming 
(temperature) 

Beaugrand et al. (28) Foraminifers and copepods 
(~70) 

Global Thermal tolerance and 
fluctuation in temperature and 
season, Mid Domain Effect 
(MDE), and niche space 

Saeedi et al. (29) Solenidae (~60) Global SST  
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Table S2. Information on the full GAM models for Figure 1. 

Group Model summary Plots 

All 

 

 

Pelagic species 
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Benthic species 

 

 

Pelagic 
chordates 
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Bathypelagic 
fish 

 

 

Bathydemersal 
fish 
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Demersal fish 

 

 

Reef-associated 
fish 
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Benthic 
chordates 

 

 

Benthopelagic 
fish 
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Bivalves 

 

 

Gastropods 

 

 



 

 

16 

 

Benthic 
arthropods 
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Table S3. Summary of GAM results obtained from the model of species richness as a function of SST (Figure 2). All models were significant with 
P < 2e-16, edf = 4, Ref.df = 4, scale estimate = 1. 

 

  

Group Parametric coefficients Rsq.(adj) -REML Deviance 
explained 

n 

 Estimate Std.Error Z value Chi. sq     

All Species 7.87 0.08  92.4  151.0 0.863 297.6 77.8% 35 

Pelagic species 5.81 0.07 73.1 182.2 0.889 224.4 79.7% 35 

Benthic 
species 

7.81 0.07  107.5  175.2 0.839  175.2 81.6% 34 

Bathydemersal 
fish 

5.45 0.06  88.53  119.8 0.619  142.6  81.9% 25 

Demersal fish 6.22 0.06 95.44  350.8 0.843   170.0 91.7% 26 

Reef 
associated fish 

6.08 0.09 66.96  221.4 0.836   142.9 91.5% 22 

Benthic 
Chordates 

7.01 0.05 128.3  362.4 0.858   220.5 91.6% 30 

Benthopelagic 
fish 

4.73 0.08 56.97  69.4 0.622 110.7 84.2% 22 

Bivalves 5.51 0.06 81.77  118.4 0.611 189.9 77.5% 32 

Gastropods 6.31 0.07 85.45  134.4 0.707 225.2 79.1% 33 

Benthic 
arthropods 

6.76 0.07 88.61  75.0 0.671 248.3 66.0% 34 

Pelagic 
Chordates 

5.71 0.07 73.26 200.8 0.887 221.0 80.8% 35 

Bathypelagic 
fish 

5.60 0.04 113.5 260.8 0.799 141.7 91.2% 25 
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Table S4. Information on the full GAM models for Figure 3. 

Group Period Model summary Plots 

All 
species 

1955-
1974 

 

 

All 
species 

1975-
1994 
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All 
species 

1995-
2015 

 

 

Pelagic 
species 

1955-
1974 

 

 



 

 

20 

 

Pelagic 
species 

1975-
1994 

 

 

Pelagic 
species 

1995-
2015 

 

 



 

 

21 

 

Benthic 
species 

1955-
1974 

 

 

Benthic 
species 

1975-
1994 
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Benthic
species 

1995-
2015 
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Table S5. Summary of the number of species and records in each phylum grouped as Benthic 
and Pelagic. The words in italics represent classes of Chordates. For detailed information, 
metadata are available at https://figshare.com/s/befed3d16821d8bf1c11. 

Group Phylum Number of species Number of records 

Benthic species Annelida 3,811 320,119 

 Arthropoda 9,070 556,465 

 Brachiopoda 30 1,330 

 Bryozoa 676 32,466 

 Cephalorhyncha 43 75 

 Chaetognatha 6 9 

 Chordata 11,046 2,830,730 

 Actinopteri 9,299 2,502,226 

 Ascidiacea 864 34,256  

 Coelacanthi 1 20 

 Elasmobranchii 786 268,787 

 Holocephali 39 22,672 

 Mammalia 2 2,001 

 Myxini 38 563 

 Petromyzonti 4 119 

 Reptilia 13 86 

 Cnidaria 3,262 116,104 

 Ctenophora 6 37 

 Echinodermata 2,950 132,509 

 Entoprocta 13 129 

 Gastrotricha 36 51 

 Gnathostomulida 5 5 

 Hemichordata 28 260 

 Mollusca 9,810 323,838 

 Nematoda 889 12,136 

 Nemertea 63 1,941 

 Platyhelminthes 37 655 

 Porifera 1,393 51,726 

 Rotifera 9 259 

 Sipuncula 30 5,907 

 Tardigrada 22 37 

 Xenacoelomorpha 14 14 

Pelagic species Annelida 107 10,009 

 Arthropoda 2,163 570,658 

 Chaetognatha 56 50,777 

  

https://figshare.com/s/befed3d16821d8bf1c11
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Pelagic species Chordata 2,392 1,777,118 

 Actinopteri 1,905 619,610  

 Appendicularia 21 8,395  

 Ascidiacea 1 1  

 Aves 317 872,822 

 Elasmobranchii 12 10,055 

 Leptocardii 7 1,064 

 Mammalia 77 243,098 

 Reptilia 6 19,635 

 Thaliacea 46 2,438 

 Cnidaria 194 25,753 

 Ctenophora 28 3,905 

 Mollusca 466 92,445 

 Rotifera 6 189 

 

Table S6. The number of species, and observation records in All species, Pelagic species, and 
Benthic species) in the three time periods. 

Group 1955-1974 1975-1994 1995-2015 

All Species    

Number of species 23,817 29,738 26,943  

Number of records 568,554 2,736,154 3,534,959 

Pelagic species    

Number of species 3,615 3,561 3,100 

Number of records 233,711 947,201 1,319,885 

Benthic species    

Number of species 20,202 26,177 23,843 

Number of records 334,843 1,788,953 2,215,074 
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Table S7. Summary of models with Poisson and binomial error structures for Richness as 
the response and Latitude as the predictor for All species (Number of species ~ s(Latitude, 
k = 9); n = 35). 

 
  

Error 
structur
e 

R
2
(adj.) Deviance 

explained 
(%) 

AIC Residual plots 

Family: 
Poisson 
Link 
function: 
log 
 

0.89 93.5 7021.04 
(edf = 8) 

 
Family: 
Negative 
binomial 
Link 
function: 
log 
 

0.86 93.5 618.44 
(edf = 8) 
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