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Extended Data Fig. 3 | Atlantic environmental plots of mean annual sea floor 
data at 100 m intervals from 0–5,000 m. Raw data for all variables except 
particulate organic carbon flux were downloaded from CSIRO73. Organic carbon 
flux values were ultimately derived from VGPM data hosted on the Ocean 
Productivity database (see methods). Graphical areas with no data because graph 
depth exceeds the deepest ocean depth at that latitude are indicated by grey and 
white sloped lines. Temperature: Temperature is highest in shallow tropical and 
temperate waters and lowest around polar waters. Bathyal and upper abyssal 
water north of the equator is notably warmer than the equivalent water south 
of the equator. Dissolved Oxygen: Dissolved Oxygen is low in shallow and upper 
bathyal tropical waters and highest in deeper waters and around the polar 

margins. Salinity: Salinity is fairly uniform throughout the Atlantic but is highest 
in the shallow tropics and in bathyal water around 35–40ºN corresponding with 
Mediterranean overflow water. Particulate Organic Carbon Flux (POC flux): POC 
flux is highest in shallow waters but is relatively even throughout the bathyal and 
abyssal zones, reaching notable minima around 10º S and 25º N, and with only 
a relatively small increase at temperate latitudes. Nitrate: Nitrate levels are low 
in shallow waters and in bathyal and abyssal waters in the northern polar and 
temperate regions. Nitrate levels are higher in southern tropical and temperate 
bathyal waters and at depths below 4,000 m, but are relatively reduced in 
upper abyssal tropical waters. Vertical dashed lines indicate the equator and 
approximate extent of the tropics.
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Extended Data Fig. 4 | ‘Extended’ Indo-West Pacific (IWP) environmental plots 
of mean annual sea floor data at 100 m intervals from 0–5,000 m. Raw data 
for all variables except particulate organic carbon flux were downloaded from 
CSIRO73. Organic carbon flux values were ultimately derived from VGPM data 
hosted on the Ocean Productivity database (see methods). Graphical areas with 
no data because graph depth exceeds the deepest ocean depth at that latitude are 
indicated by grey and white sloped lines. Temperature: Temperature is highest in 
shallow tropical and southern temperate waters but is low around the northern 
margin of the plot, corresponding to the seas of Okhotsk and Japan. Temperature 
drops off far more rapidly with increasing depth than in the global ocean as a 
whole. Dissolved Oxygen: Dissolved Oxygen levels are lowest in shallow and 
bathyal tropical waters but are relatively high in shallow temperate waters 

reflecting the higher oxygen saturation levels of colder waters and are high at 
depth at mid northern latitudes. Salinity: Salinity is fairly uniform throughout 
all depths in the IWP but is lowest at mid northern latitudes (Sea of Japan) and 
highest around the northern margins of the tropics, partially reflecting the 
extremely levels of the Red Sea and Persian Gulf. Particulate Organic Carbon 
Flux (POC flux): POC flux is highest throughout shallow waters but peaks in two 
plumes in temperate waters north and south of the equator, both around 40º N/S. 
Nitrate: Nitrate levels are low in shallow waters, but much higher in bathyal and 
abyssal waters, particularly those north of the equator, except at mid latitudes 
where they are notably reduced. Vertical dashed lines indicate the equator and 
approximate extent of the tropics.
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Extended Data Fig. 5 | Global bathy-diversity plots illustrating uncertainty 
in interpolation effort. a) Global bathymetric plot of raw species diversity 
interpolated only across the bathymetric range of each species included. 
Diversity given for depth intervals spanning the intertidal to lower abyssal 
zone (0–6,000 m) for latitudes between 78º S and 82º N and the full extent 
of longitude. Species richness is binned at intervals of 10 m (shallow), 50 m 
(bathyal) and 200 m (abyssal). b) Global bathymetric plot of the percentage 
difference between the raw and interpolated species diversity patterns  
(Fig. 3). Diversity given for depth intervals spanning the intertidal to lower 

abyssal zone (0–6,000 m) for latitudes between78º S and 82º N and the full 
extent of longitude. Species richness is binned at intervals of 10 m (shallow),  
50 m (bathyal) and 200 m (abyssal). Regions of the dataset rely more heavily  
on interpolation in red, less so in blue. c-e) Histograms of the number of  
species for each depth section by the number of degrees of latitude for each 
individual range that have been interpolated (C: Shallow (0–200 m), D: Bathyal 
(200–2,000 m), E: Lower Bathyal and Abyssal (2,000–6,000 m). Vertical dashed 
lines indicate the equator and approximate extent of the tropics.
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Extended Data Table 1 | Spatial linear model (SLM) and Random Forest regression results for the interpolated species 
richness of three major bathomes

 Interpolated Data, SLM’s Interpolated Data, Random Forests 

 Shallow Bathyal Lower Bathyal/ 
Abyssal Shallow Bathyal Lower Bathyal/  

Abyssal 

Global 
Global Max Species 281 176 79 281 176 79 

Min Species 24 10 1 24 10 1 
Seafloor Temperature z=9.073*** z=3.972*** z=6.098*** 57.30755 113.25034 120.54758 

Dissolved Oxygen z=1.137 z=-1.288 z=-1.382 27.72139 49.60687 83.09766 
Salinity z=0.164 z=-0.357 z=0.566 20.19912 104.18000 78.36120 
Silicate z=1.644 z=-0.642 - 24.41689 36.27889 53.83967 
Nitrate z=1.150 z=0.840 z=0.096 29.41851 65.56463 39.64005 

POC Flux z=1.416 z=4.577*** z=1.416 26.61111 133.80623 83.61285 
Multiple R2 0.8870 0.6672 0.5354 150.6293 56.83681 22.77481 

Mean Sq Resid     95.98 93.31 90.25 
% Var explained    281 176 79 

Southern Hemisphere 
Southern Hemisphere Max Species 257 142 61 257 142 61 

Min Species 55 30 10 55 30 10 
Seafloor Temperature z=6.234*** z=1.422 z=-0.064 38.05896 39.43038 76.83430 

Dissolved Oxygen z=1.662 z=1.403 z=-0.840 34.21720 84.02310 73.77897 
Salinity z=-0.395 z=-1.458 z=-0.397 18.80590 36.92266 67.99913 
Nitrate z=1.343 z=0.910 z=-0.034 30.09758 22.41606 31.50330 
Silicate - - - 15.24728 29.86442 47.08117 

POC Flux z=0.502 z=7.087*** z=2.460* 22.64510 104.46844 111.19269 
Multiple R2 0.8451 0.7989 0.4843    

Mean Sq Resid     84.20096 22.87922 33.22013 
% Var explained    96.58 95.66 91.51 

Northern Hemisphere 
Northern Hemisphere Max Species 281 176 79 281 176 79 

Min Species 24 10 1 24 10 1 
Seafloor Temperature z=7.350*** z=6.357*** z= 5.585*** 51.99973 85.51660 78.28992 

Dissolved Oxygen z=0.708 z=-3.905*** z= -7.768*** 27.71591 45.18085 46.15036 
Salinity z=0.087 0.010 z=6.246*** 14.19280 47.18447 44.86376 
Silicate - - - 18.71158 29.81318 86.96191 
Nitrate z=1.873 z=1.124 z=-5.659*** 18.36836 42.42297 56.63816 

POC Flux z=1.436 z=5.351*** z=0.733 18.64478 104.28641 102.17163 
Multiple R2 0.9339 0.8058 0.6443    

Mean Sq Resid     120.7536 56.44982 7.571894 
% Var explained    97.48 94.67 89.01 

Atlantic 
Atlantic Max Species 78 78 54 78 78 54 

Min Species 24 16 3 24 16 3 
Seafloor Temperature z=0.613 z=4.725*** z= 15.157*** 58.19724 78.05699 66.23481 

Dissolved Oxygen z=-0.241 z=-0.795 z= 6.315*** 25.91574 60.71769 67.51979 
Salinity - z=3.109** z=-9.227*** 53.93365 122.50105 74.43238 
Nitrate z=-1.437 z=-6.220*** z=6.481*** 46.01554 100.85837 70.67706 

POC Flux z=-1.314 z=0.143 z=4.701*** 40.57453 69.31335 112.70479 
Multiple R2 0.3783 0.5109 0.6149    

Mean Sq Resid     61.65609 16.72757 7.456373 
% Var explained    71.28 92.28 91.61 

Indo-West Pacific 
Indo-West Pacific Max Species 177 95 27 177 95 27 

Min Species 23 9 2 23 9 2 
Seafloor Temperature z=5.100*** z=17.728*** z=12.470*** 45.58353 108.79467 156.82556 

Dissolved Oxygen z=2.573* z=3.632*** z=0.459 27.90714 83.98331 78.60132 
Salinity - z=-

12.000*** 
z=-1.951 42.75714 86.72118 99.62713 

Nitrate z=2.090* z=3.198** z=-2.489* 20.29570 45.73316 65.31943 
POC Flux z=-0.580 z=0.020 z=4.598*** 38.02151 66.87571 124.47171 
Multiple R2 0.7954 0.6002 0.5506    

Mean Sq Resid     93.30233 26.10883 1.556258 
% Var explained    95.72 91.91 87.45 

Spatial linear model (SLM) and Random Forest regression results for the species richness of three major depth zones: Shallow (0–200m), Bathyal (200–2,000m), Lower Bathyal and Abyssal 
(2000–6,000m) across the global dataset, northern and southern hemispheres and the Atlantic and Indo-West Pacific oceanic realms using interpolated species richness values. Maximum 
and minimum richness are the highest and lowest values for each depth section respectively. For SLM’s, model results are for the best performing SLM as determined by Akaike information 
criteria. Statistical results are given as two-tailed Z values: *P < 0.05, **P < 0.01, ***P < 0.001.Multiple R2 values give the proportion of variance in species richness that can be explained by the 
tested environmental factors. For Random Forest regression result, model outputs are given as the relative importance of each tested variable (% Increase in Mean Squared Error - %IncMSE) 
which represents the percentage decrease in model performance for iterations where the variable is not tested. Summary statistics for full model performance are given as the mean of 
squared residuals and percentage of variance that can be explained by the tested environmental factors. The most important variables for each geographic and bathymetric subdivision after 
each random forest was run across 1,000 iterations are highlighted in bold.
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Extended Data Table 2 | Spatial linear model (SLM) and Random Forest regression results for the raw and interpolated, 
sampling effort corrected species richness of three major bathomes across the global, northern and southern hemisphere 
datasets

 Interpolated Data, Sampling Correction 
SLM’s 

Interpolated Data, Sampling 
Correction Random Forest 

Raw Data, Sampling Correction 
Random Forest 

Raw Data, Sampling Correction 
Random Forest 

 Shallow Bathyal 
Lower 

Bathyal/ 
Abyssal 

Shallow Bathyal 
Lower 

Bathyal/ 
Abyssal 

Shallow Bathyal 
Lower 

Bathyal/ 
Abyssal 

Shallow Bathyal 
Lower 

Bathyal/ 
Abyssal 

Global 
Max Species 281 176 79 281 176 79 133 90 40 133 90 40 
Min Species 24 10 1 24 10 1 11 1 1 11 1 1 

Seafloor Temperature z=8.983*** z=3.935*** z=6.046*** 54.30647 108.95675 108.6458 z=3.063** z=2.519* z=3.271** 47.44072 67.31853 87.10524 
Dissolved Oxygen z=1.124 z=-1.293 z=-1.399 29.26082 49.34926 89.69277 z=2.098* z=1.868 z=2.395 37.22579 87.73667 65.15769 

Salinity z=0.148 z=-0.292 z=0.644 17.86046 95.76012 72.15951 z=1.988* z=-0.674 z=-2.373* 21.03018 94.65119 79.74837 
Silicate z=1.618 z=-0.579 - 25.40769 33.75551 53.68384 z=-0.906 z=0.590 - 28.83699 37.50255 62.27224 
Nitrate z=1.149 z=0.734 z=0.078 29.19042 62.75989 38.75920 z=1.732 z=1.135 z=2.382* 41.24431 53.99263 59.80344 

POC Flux z=1.334 z=4.498*** z=1.335 25.17782 140.22129 78.81505 z=2.010* z=4.847*** z=3.509*** 27.67891 161.14978 138.43425 
Multiple R2 0.8866 0.6721 0.5423    0.2841 0.2999 0.2628    

Mean Sq Resid     150.8357 59.11824 26.33178    267.8167 72.34434 16.64584 
% Var explained    95.97 93.04 88.72    52.19 72.96 65.54 

Southern Hemisphere 
Max Species 257 142 61 257 142 61 133 90 29 133 90 29 
Min Species 55 30 12 55 30 12 11 1 1 11 1 1 

Seafloor Temperature z=6.171*** z=2.322* z=-0.048 39.84385 44.53019 74.11451 z=0.227 z=1.181 z=-2.333* 14.11292 35.65438 50.47599 
Dissolved Oxygen z=1.625 z=0.943 z=-0.864 34.94283 70.46255 46.63607 z=3.350*** z=5.813*** z=1.043 20.74720 107.86269 42.42964 

Salinity z=-0.440 z=-2.860** z=-0.401 17.42765 33.13498 42.00006 z=2.341* z=2.012* z=-0.989 21.62584 39.54080 45.53312 
Nitrate z=1.324 z=0.334 z=-0.043 27.81813 22.71151 50.71918 z=-1.291 z=1.815 z=-0.183 33.27008 36.50186 55.72706 
Silicate - - - 16.66546 31.76342 84.77161 - - - 12.65540 35.47928 92.62619 

POC Flux z=0.457 z=8.301*** z=2.459* 22.45492 111.04902 101.0382 z=-0.417 z=5.083*** z=4.224*** 35.41285 84.12676 76.07532 
Multiple R2 0.8461 0.7966 0.4911    0.3780 0.6601 0.3846    

Mean Sq Resid     82.7488 23.73135 8.450308    223.831 69.45109 10.72822 
% Var explained    96.64 95.49 87.73    70.37 79.01 68.75 

Northern Hemisphere 
Max Species 281 176 79 281 176 79 127 77 40 127 77 40 
Min Species 24 10 1 24 10 1 14 3 1 14 3 1 

Seafloor Temperature z=7.223*** z=6.500*** z=5.477*** 50.56231 79.85440 79.93092 z=2.330* z=2.546* z=6.828*** 39.78924 57.49800 81.06120 
Dissolved Oxygen z=0.719 z=-3.884*** z=-7.564*** 26.90077 33.85779 91.26112 z=0.591 z=-0.110 z=-4.820*** 28.56007 40.51154 50.45429 

Salinity z=0.068 z=0.008 z=6.337*** 14.40164 48.04474 62.50212 z=1.438 z=-0.573 z=3.860*** 21.23006 55.35593 51.44487 
Silicate - - - 16.22445 32.90558 64.02971 - - - 12.54331 47.85905 39.42599 
Nitrate z=1.852 z=1.195 z=-5.432*** 18.97245 38.29043 33.96154 z=1.719 z=0.837 z=3.428*** 26.07093 40.32222 35.29192 

POC Flux z=1.290 z=5.099*** z=0.669 16.65322 111.48756 81.00610 z=2.458* z=7.158*** z=5.365*** 27.86188 159.86086 148.52290 
Multiple R2 0.9323 0.809 0.6498    0.4623 0.4608 0.5531    

Mean Sq Resid     119.3856 61.91751 36.16981    189.7072 68.78223 19.54047 
% Var explained    97.74 94.12 90.67    65.12 65.09 65.68 

Spatial linear model (SLM) and Random Forest regression results for the species richness of three major depth zones: Shallow (0–200m), Bathyal (200–2,000m), Lower Bathyal and Abyssal 
(2000–6,000m) across the global dataset and northern and southern hemispheres for interpolated species richness values with a sampling offset and raw species richness values with 
a sampling offset. Maximum and minimum richness are the highest and lowest values for each depth section respectively. For SLMs, model results are for the best performing SLMs as 
determined by Akaike information criteria. Statistical results are given as two-tailed Z values: *P < 0.05, **P < 0.01, ***P < 0.001.Multiple R2 values give the proportion of variance in species 
richness that can be explained by the tested environmental factors. For Random Forest regression result, model outputs are given as the relative importance of each tested variable (% 
Increase in Mean Squared Error - %IncMSE) which represents the percentage decrease in model performance for iterations where the variable is not tested. Summary statistics for full model 
performance are given as the mean of squared residuals and percentage of variance that can be explained by the tested environmental factors. The most important variables for each 
geographic and bathymetric subdivision after each random forest was run across 1,000 iterations are highlighted in bold.
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Extended Data Table 3 | Spatial linear model (SLM) and Random Forest regression results for the raw and interpolated, 
sampling effort corrected species richness of three major bathomes across the global, Atlantic and Indo-west Pacific 
datasets

 Interpolated Data, Sampling Correction 
SLM’s 

Interpolated Data, Sampling 
Correction Random Forest 

Raw Data, Sampling Correction 
Random Forest 

Raw Data, Sampling Correction 
Random Forest 

 Shallow Bathyal 
Lower 

Bathyal/ 
Abyssal 

Shallow Bathyal 
Lower 

Bathyal/ 
Abyssal 

Shallow Bathyal 
Lower 

Bathyal/ 
Abyssal 

Shallow Bathyal 
Lower 

Bathyal/ 
Abyssal 

Global 
Max Species 281 176 79 281 176 79 133 90 40 133 90 40 
Min Species 24 10 1 24 10 1 11 1 1 11 1 1 

Seafloor Temperature z=8.983*** z=3.935*** z=6.046*** 54.30647 108.95675 108.6458 z=3.063** z=2.519* z=3.271** 47.44072 67.31853 87.10524 
Dissolved Oxygen z=1.124 z=-1.293 z=-1.399 29.26082 49.34926 89.69277 z=2.098* z=1.868 z=2.395 37.22579 87.73667 65.15769 

Salinity z=0.148 z=-0.292 z=0.644 17.86046 95.76012 72.15951 z=1.988* z=-0.674 z=-2.373* 21.03018 94.65119 79.74837 
Silicate z=1.618 z=-0.579 - 25.40769 33.75551 53.68384 z=-0.906 z=0.590 - 28.83699 37.50255 62.27224 
Nitrate z=1.149 z=0.734 z=0.078 29.19042 62.75989 38.75920 z=1.732 z=1.135 z=2.382* 41.24431 53.99263 59.80344 

POC Flux z=1.334 z=4.498*** z=1.335 25.17782 140.22129 78.81505 z=2.010* z=4.847*** z=3.509*** 27.67891 161.14978 138.43425 
Multiple R2 0.8866 0.6721 0.5423    0.2841 0.2999 0.2628    

Mean Sq Resid     150.8357 59.11824 26.33178    267.8167 72.34434 16.64584 
% Var explained    95.97 93.04 88.72    52.19 72.96 65.54 

Atlantic 
Max Species 78 78 54 78 78 54 59 57 35 59 57 35 
Min Species 27 16 3 27 16 3 1 1 1 1 1 1 

Seafloor Temperature z=0.695 z=2.588** z=7.138*** 53.64683 79.07021 81.10140 z=-1.906 z=0.301 z=2.935** 31.27605 62.90625 61.84061 
Dissolved Oxygen z=-0.354 z=-0.315 z=3.166** 21.52550 36.38349 72.47783 z=-1.422 z=-0.567 z=1.975* 27.79711 44.43608 56.53338 

Salinity z=-0.848 z=-2.571* z=-4.585*** 48.30194 96.48346 60.63813 z=-0.496 z=-0.811 z=-1.211 32.24261 85.25554 66.04785 
Nitrate z=-1.179 z=-1.613 z=3.152** 31.38444 92.31092 75.33500 z=-2.867** z=-3.133*** z=0.597 43.74317 102.40558 73.76073 

POC Flux z=2.728** z=-0.155 z=2.158* 29.17578 59.12827 125.3075 z=2.148* z=2.501* z=3.172** 26.70344 59.18157 114.89418 
Multiple R2 0.4012 0.5226 0.617    0.3267 0.4681 0.477    

Mean Sq Resid     69.31439 21.9895 8.648602    113.3803 35.03947 12.07454 
% Var explained    67.71 89.85 90.25    47.2 75.67 71.88 

Indo-West Pacific 
Max Species 177 95 27 177 95 27 115 69 22 115 69 22 
Min Species 28 9 2 28 9 2 1 1 1 1 1 1 

Seafloor Temperature z=4.891*** z=5.780*** z=7.054*** 49.60165 96.91025 147.7645 z=3.410*** z=3.911*** z=4.118*** 35.67738 43.28008 58.58469 
Dissolved Oxygen z=2.181* z=0.908 z=0.341 32.28798 67.76277 73.82147 z=4.022*** z=3.884*** z=3.073** 36.30096 96.97106 42.35445 

Salinity z=-0.530 z=-7.732*** z=-1.104 47.86372 49.45267 94.26833 z=3.717*** z=-0.646 z=1.732 46.50942 41.79564 42.58813 
Nitrate z=1.915 z=1.202 z=-1.446 20.26849 43.67829 56.95848 z=1.359 z=3.224** z=0.239 36.07971 39.04137 37.18748 

POC Flux z=-0.458 z=0.067 z=1.536 39.41511 46.04500 101.73817 z=-1.392 z=0.779 z=4.161*** 53.03815 58.93143 82.01852 
Multiple R2 0.7975 0.7106 0.5657    0.5386 0.425 0.4482    

Mean Sq Resid     93.44809 30.6048 1.736431    167.2532 37.95761 4.350153 
% Var explained    95.64 90.52 86.00    74.38 78.56 62.59 

Spatial linear model (SLM) and Random Forest regression results for the species richness of three major depth zones: Shallow (0–200m), Bathyal (200–2,000m), Lower Bathyal and Abyssal 
(2000–6,000m) across the global dataset and Atlantic and Indo-west Pacific oceanic realms for interpolated species richness values with a sampling offset and raw species richness 
values with a sampling offset. Maximum and minimum richness are the highest and lowest values for each depth section respectively. For SLMs, model results are for the best performing 
SLMs as determined by Akaike information criteria. Statistical results are given as two-tailed Z values: *P < 0.05, **P < 0.01, ***P < 0.001. Multiple R2 values give the proportion of variance in 
species richness that can be explained by the tested environmental factors. For Random Forest regression result, model outputs are given as the relative importance of each tested variable 
(% Increase in Mean Squared Error - %IncMSE) which represents the percentage decrease in model performance for iterations where the variable is not tested. Summary statistics for full 
model performance are given as the mean of squared residuals and percentage of variance that can be explained by the tested environmental factors. The most important variables for each 
geographic and bathymetric subdivision after each random forest was run across 1,000 iterations are highlighted in bold.
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