Supplementary Information

Supplementary Table 1. Regression data of the zooplankton biomass (ZB, mgC-m™) decrease with
depth (z, km) for the different biomes (LnZB= az+b). Northern and southern polar biomes were
considered separately because of the large biomasses reported in the north. Mediterranean data are
also considered apart because of the oligotrophy of this waters within the Westerlies.
Biome Equation r p< n

Trades LnZB=0.470-1.334'km  0.646 0.001 476

Westerlies LnZB=0.930-1.023-km  0.440 0.001 924

Polar North LnZB=2.436-0.878-km 0.159 0.001 78

Polar South LnZB=0.935-1.144'km  0.267 0.001 210

Coastal LnZB=0.597-1.131'km  0.622 0.001 262

Mediterranecan LnZB=-0.436-1.354'km 0.649 0.001 596

All data LnZB=0.568-1.214-km  0.477 0.001 2546

Supplementary Table 2. Regression data of the zooplankton 8'°N (%) decrease with depth (m) for
the Coastal and Trades biomes.

Biome Equation r’ p< n
Coastal 8N =9.897 —0.243 depth (km) 0.004 0.666 46
Trades 8"°N = 6.006 + 4.230 depth (km) 0.269 0.001 123



Supplementary Table 3. Respiration rates in the bathypelagic zone obtained during the Malaspina
cruise for different size classes using the electron transfer system (ETS) activity as a proxy. “Prot”
stands for protein, “dw” for dry weight, “SD” for standard deviation, and “n” the number of
samples.

Station Depth Size fraction Temperature sp ETS in situ Respiration Respiration

(m) (um) ("C)  (ulO,'mgprot™h") (WO, 'mgdw’h") ()

12 1000-2000 >1000 431 3.30 0.66 0.021
12 1000-2000  1000-500 431 1.42 0.29 0.009
12 1000-2000 500-300 431 0.35 0.07 0.002
35 1000-2000 >1000 2.99 0.79 0.16 0.005
35 1000-2000  1000-500 2.99 2.66 0.53 0.017
35 1000-2000 500-300 2.99 1.96 0.39 0.012
39 1000-2000 >1000 3.10 1.52 0.31 0.010
39 1000-2000  1000-500 3.10 3.85 0.77 0.024
39 1000-2000 500-300 3.10 0.02 0.00 0.000
45 1000-2000 >1000 4.59 0.74 0.15 0.005
45 1000-2000  1000-500 4.59 0.47 0.09 0.003
45 1000-2000 500-300 4.59 1.14 0.23 0.007
60 1000-2000 >300 3.29 3.79 0.76 0.024
69 1000-2000 >1000 291 0.27 0.05 0.002
69 1000-2000 >1000 291 0.27 0.05 0.002
69 1000-2000  1000-500 291 9.83 1.97 0.062
69 1000-2000 500-300 291 0.20 0.04 0.001
71 1000-2000 >1000 3.01 3.28 0.66 0.021
71 1000-2000 >1000 3.01 2.39 0.48 0.015
71 1000-2000 >1000 3.01 0.81 0.16 0.005
71 1000-2000  1000-500 3.01 1.69 0.34 0.011
84 1000-1500 >1000 2.47 0.10 0.02 0.001
84 1000-1500  1000-500 2.47 0.07 0.01 0.000
84 1000-1500 500-300 2.47 1.62 0.33 0.010
84 1000-1500 >1000 3.27 0.44 0.09 0.003
84 1000-1500  1000-500 3.27 0.56 0.11 0.004
84 1000-1500 500-300 3.27 6.02 1.21 0.038
92 1000-2000 >1000 3.23 1.27 0.26 0.008
92 1000-2000  1000-500 3.23 0.51 0.10 0.003
92 1000-2000 500-300 3.23 0.92 0.18 0.006
136 1000-2000 >1000 3.29 1.22 0.24 0.008
136 1000-2000  500-1000 3.29 0.40 0.08 0.003
136 1000-2000 500-300 3.29 0.56 0.11 0.004
Average 0.33 0.010
SD 0.37 0.012

n 33



Supplementary Table 4. Values for the different domains and provinces used in this review for the
1000-2000, 2000-3000 and 3000-4000 m layers. N is the number of profiles obtained for each
oceanic province and SD is standard deviation.

Domain Ocean Province Biomassat  Remineralization SD n Area of Remineralization Primary
1000-2000 m 1000-2000 m provinces 1000-2000 m Production
mgC-m™ gCm?2y™? 10° Km? TgCy™ gCm?2y™?
Longhurst (1995) This study Longhurst (1995)
Trades Atlantic NATR 32.6 0.12 0.41 3 8.27 0.98 106
WTRA 26.8 0.1 0.04 3 5.36 0.52 130
SATL 36.5 0.13 1.13 11 17.77 2.37 75
Trades Indian MONS 199.5 0.73 0.37 30 14.21 10.35 105
ISSG 78.0 0.28 0.22 15 19.25 5.48 71
Trades Pacific NPTG 67.2 0.25 0.29 5 21.09 5.17 59
PNEC 120.0 0.44 0.23 5 8.17 3.58 107
PEQD 51.5 0.19 0.12 4 10.34 1.95 113
WARM 57.6 0.21 0.02 3 16.78 3.53 82
ARCH 288.0 1.05 1 8.84 9.29 100
Westerlies Atlantic NADR 402.9 1.47 2 12 35 5.15 240
GFST 2784.0 10.16 1 1.1 11.18 178
MEDI 47.3 0.17 0.53 29 3.08 0.53 216
NASE 81.7 0.3 0.86 8 4.45 1.33 122
Westerlies Pacific PSAW 2280.0 8.32 2.2 14 2.9 24.13 264
KURO 1955.0 7.14 31 2 3.7 26.4 193
NPSW 1394 0.51 0.71 8 3.93 2 109
SPSG 50.4 0.18 0.29 7 37.29 6.86 87
Westerlies Southern SSTC 241.8 0.88 0.49 17 16.84 14.86 136
Westerlies Southern SANT 241.8 0.88 0.59 27 30.25 26.7 120
Coastal Indian REDS 9.6 0.04 0.02 7 0.56 0.02 617
ARAB 375.1 1.38 0.33 13 2.93 4.06 454
EAFR 287.7 1.05 0.33 2 3.72 3.91 190
AUSW 289.8 1.06 0.99 2 2.94 3.11 199
Coastal Atlantic BENG 196.7 0.72 0.06 2 1.13 0.81 323
Coastal Pacific CCAL 205.2 0.75 0.34 3 0.96 0.72 388
AUSE 613.1 2.24 1 1.14 2.55 232
Polar Atlantic SARC 2593.5 9.47 9.97 2 2.33 22.06 302
ARCTIC 2051.7 7.49 22.92 8 21 15.73 484
Polar Southern ANTA 294.5 1.07 0.58 26 8.87 9.53 165
Polar Southern APLR 120.9 0.44 0.04 3 1.93 0.85 398
1000-2000 m 191 274 265.7 225.7

(81%)
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Supplementary Table 5. Domain, ocean and data source information used for the
zooplankton vertical distribution review. “This study” refers to data obtained during the

Malaspina Expedition.
Domain Ocean Province Authors
Trades Atlantic NATR This study
Angel and Baker (1982)"
WTRA This study
SATL This study
Foxton (1956)?
Trades Indian MONS Vinogradov (1970)3
Grice and Hulsemann (1967)*
Foxton (1956)*
Koppelmann et al. (2000)°
1SSG This study
Vinogradov (1970)3
Grice and Hulsemann (1967)*
Foxton (1956)°
Trades Pacific NPTG This study
Vinogradov (1970)®
PNEC This study
Vinogradov (1970)®
PEQD This study
Vinogradov (1970)°
WARM Vinogradov (1970)3
ARCH Vinogradov (1970)°
Westerlies  Atlantic NADR Koppelmann and Weikert (1992)°
Koppelmann and Weikert (1999)’
Angel and Baker (1982)"
GFST Vinogradov et al (1998)%
MEDI Weikert and Trinkaus (1990)°
Weikert et al. (2001)*°
Koppelmann and Weikert (2007)™*
Koppelmann et al. (2004)*
Minutoli & Guglielmo (2012)*
NASE This study
Roe (1988)*"
Grice and Hulsemann (1965)*"
Angel and Baker (1982)"
Westerlies  Pacific PSAW Vinogradov (1970)3
Yamaguchi et al (2004)*
KURO Vinogradov (1970)3
Yamaguchi et al (2004)*
NPSW Vinogradov (1970)3
Yamaguchi et al (2004)*
SPSG This study
Vinogradov (1970)®
Westerlies  Southern SSTC This study
Foxton (1956)°
Westerlies Southern  SANT Foxton (1956)?
Coastal Indian REDS Wishner (1980)*"
Weikert (1982)*
ARAB Koppelmann et al. (2000)°
Grice and Hulsemann (1967)*
Bottger-Schnack (1996)*°
BENG Koppelmann (unpubl.)
EAFR This study
AUSW This study
Coastal Pacific CCAL Wishner (1980)*"
AUSE This study
Polar Atlantic SARC Vinogradov et al (1998)%
Grice and Hulsemann (1965)*"
ARCTIC Richter (1994)%
Polar Southern  ANTA Foxton (1956)

Polar Southern  APLR Foxton (1956)?



Supplementary Table 6. Reviewed values of carbon export and sequestration of
particulate organic carbon (POC) flux, active flux due to zooplankton and micronekton,
and estimated dissolved organic carbon (DOC) flux used to build Figure 4. Numbers in
blue were used as lower and higher values in the range given in Figure 4. Values in red
were considered outliers and they were not accounted in the Figure.

System Flux or Respiration Depth (m) Authors umolC-m>.d* mmolC:m2-d* mgt-m?d? gCm?Zy® Comments
Oligotrophic Mesopelagic 150 Martin et al. (1987)* 35.5 13.0 VERTEX 14-35°N
POC flux 150 Knauer et al. (1990)* 31.2 11.4 VERTEX 33°N
150 Karl et al. (1996)* 36.0 13.1 Aver. HOT 1989 (Table 3)
150 Karletal. (1996)” 35.0 128 Aver. HOT 1990 (Table 3)
150 Karl et al. (1996)% 27.0 9.9 Aver. HOT 1991 (Table 3)
150 Karl et al. (1996)* 22.0 8.0 Aver. HOT 1992 (Table 3)
150 Karletal. (1996)” 25.0 9.1 Aver. HOT 1993 (Table 3)
150 Hernandez-Ledn et al. (2019)** 113 4.1 Aver. sts 2-7 and 14 (Table 1)
200 Miquel et al. (2011)* 24 Aver. 1988-2005 (Table 2)
150 Buesseler et al. (2007)* 18.0 6.6 Hawaii Aloha st.
150 Buesseler et al. (2007)* 18.0 6.6 Hawaii Aloha st.
Bathypelagic 1000 Miquel et al. (2011)* 1.6 Mediterranean Aver. 1988-2005 (Table 2)
POC flux 2000  Guidietal. (2015)% 1.44 Range 0.1-9.3
2000  Henson etal. (2012)% 1.74 Range 0-35
2000 Henson et al. (2012)* 0.5 About 0.5 for oligotrophic gyres
2000  Martin et al. (1987)* 0.8 Range 0.8-7.0
2000  Lutzetal. (2007)% 0.2 Range 0.2-7.0
2000 Honjo et al. (2008)* 03 Range 0.3-7.3
Mesopelagic 200 Hidaka et al. (2001)* 27.9 10.2 Western equatorial North Pacific (3°N)
Active flux 200 Hidaka et al. (2001)*" 12.2 4.5 Western equatorial North Pacific (3° 30'N)
200 Ariza et al. (2015)* 6.4 23 Canary Current
200 Hernéndez-Le6n et al. (2019)* 3.2 1.2 St 3 South Equatorial Counter Current
200 Hernandez-Ledn et al. (2019)** 12.6 4.6 St 6 South Equatorial Current
200 Hernandez-Le6n et al. (2019)* 23.1 8.4 St 7 North Equatorial Counter Current
200 Hernandez-Ledn et al. (2019)le 12.2 4.5 St 12 Canary Current
Mesopelagic 100-1000 Nagata et al. (2000)** 29 34.8 12.7 Geomean Table 10.4 Aristegui et al. (2005)
respiration 200-1000 Santana-Falcén et al. (2017)** 7.0 Tropical and temperate North Atlantic Ocean
200-1000  Aristegui et al. (2003a)* 35.0
>200 Aristegui et al. (2003b)*® 4 48.0 17.5 Lower range in the Eastern Subtropical North Atlantic gyre
>200 Aristegui et al. (2003b)*® 8 96.0 35.0 Higher range in the Eastern Subtropical North Atlantic gyre
200-1000 Jenkins and Wallace (1992)*’ 39.6 Atlantic Ocean (Sagasso Sea)
200-1000 Packard et al. (1988)*® 18.0 Atlantic Ocean (Sagasso Sea)
200-1000 Aristegui et al. (2003a)* 28.8 Atlantic Ocean (Canary Islands)
200-800  Savenkoff et al. (1993)* 26.4 Mediterranean Sea (west)
200-1000 Lefevre et al. (1996)* 14.4 Mediterranean Sea (west)
200-1000 Baltar et al. (2009)* 5.90 4.72 56.6 20.7 North Equatorial Counter Current (ETS in 900-1000 m depth)
200-1000 Baltar et al. (2009)* 2.49 1.992 239 8.7 Subtropical Gyre (ETS in 900-1000 m depth)
200-1000 Baltar et al. (2009)* 16.30 13.04 156.5 57.1 North Equatorial Counter Current (ETS in 250-500 m depth OMZ)
200-1000 Baltar et al. (2009)* 13.50 10.8 129.6 473 Subtropical Gyre (ETS in 250-500 m depth OMZ)
150-700  Fernandez-Castro et al. (2016)* 30.7 Mean value Time series station ESTOC Canary Current
Bathypelagic >1000 Nagata et al. (2000)* 0.1 12 0.4 N Subtropical Pacific
respiration >1000  Packard et al. (1988)* 8.0 Sargasso Sea
Zooplankton 150-1000 Hernandez-Le6n and Ikeda (2005)* 0.21 2.5 0.9 Lower range of values for the mesopelagic zone
mesopelagic 150-1000  Hernandez-Le6n and Ikeda (2005)* 14 168.0 613 Higher range of values for the mesopelagic zone
respiration 150-1000 Hernéndez-Leon and lkeda (2005)" 17 204 7.4 Average value for the mesopelagic zone
200-900  Hernandez-Ledn (unpublished) 5.22 1.9 Coca | cruise. Respiration by day. Oceanic zone Canary Current
200-900  Hernandez-Ledn (unpublished) 1217 4.4 Coca | cruise. Respiration by day. Oceanic zone Canary Current
200-900 Hernandez-Ledn (unpublished) 10.54 3.8 Coca | cruise. Respiration by day. Oceanic zone Canary Current
200-900  Hernandez-Le6n (unpublished) 9.40 34 Coca | cruise. Respiration by day. Oceanic zone Canary Current
200-900 Hernandez-Ledn (unpublished) 10.57 3.9 Coca | cruise. Respiration by day. Oceanic zone Canary Current
200-900  Hernéndez-Ledn (unpublished) 26.25 9.6 Coca | cruise. Respiration by day. Oceanic zone Canary Current
200-900  Hernandez-Le6n (unpublished) 18.66 6.8 Coca | cruise. Respiration by day. Oceanic zone Canary Current
200-900  Hernandez-Ledn (unpublished) 10.55 3.9 Coca | cruise. Respiration by night. Oceanic zone Canary Current
200-900 Herndndez-Ledn (unpublished) 20.06 73 Coca | cruise. Respiration by night. Oceanic zone Canary Current
200-900 Hernandez-Ledn (unpublished) 417 1.5 Coca | cruise. Respiration by night. Oceanic zone Canary Current
200-900  Hernandez-Ledn (unpublished) 12.88 4.7 Coca | cruise. Respiration by night. Oceanic zone Canary Current
200-900 Hernandez-Ledn (unpublished) 8.59 3.1 Coca | cruise. Respiration by night. Oceanic zone Canary Current
200-900  Hernandez-Le6n (unpublished) 26.99 9.9 Coca | cruise. Respiration by night. Oceanic zone Canary Current
200-900  Hernandez-Ledn (unpublished) 21.20 7.7 Coca | cruise. Respiration by night. Oceanic zone Canary Current
Zooplankton 1000-4000 Childress and Thuesen (1992)* 0.1 0.05 Hypothetical central oceanic region
Bathypelagic 1000-2250 Koppelmann and Weikert (1999)" 0.11 1.3 0.5 Spring
Respiration 1000-2250 Koppelmann and Weikert (1999)" 0.32 3.8 1.4 Summer
>2250 Koppelmann and Weikert (1999)" 0.03 0.4 0.1 Spring
>2250 Koppelmann and Weikert (1999)’ 0.03 0.4 0.1 Summer
1000-4000 Hernandez-Ledn and Ikeda (2005)* 0.32 3.8 1.4 Average value for the bathypelagic zone
1000-2000 This study 19
2000-3000 This study 0.9

3000-4000 This study 0.2



Supplementary Table 6 (cont.).

System Flux or Respiration Depth (m) Authors umolC:m>.d* mmolC:m?.d* mgtm?d™® gCm?2y’ Comments
Productive Mesopelagic Karl et al. (1996)% 42.0 15.3 Coastal zone (Table 4)
POC flux Karl et al. (1996)% 85.0 31.0 Upwelling zone (Table 4)
150 Hernandez-Ledn et al. (2019)* 26.0 9.5 Aver. sts 8 and 11 (Table 1)
150 Buesseler et al. (2007)% 62 22.6 Northwest Pacific Subarctic gyre St K2
150 Buesseler et al. (2007)%° 23 8.4 Northwest Pacific Subarctic gyre St K2
Bathypelagic 1000 Helmke et al. (2005)* 20.6 7.5 Aver. 4 years NW Africa
POC flux 2000 Henson et al. (2012)* 3.0 3-4 for equatorial and Arabian upwelling
2000 Martin et al. (1987)* 7.0 Range 0.8-7.0
2000  Lutzetal. (2007)% 7.0 Range 0.2-7.0
2000 Honjo et al. (2008)* 73 Range 0.3-7.3
Mesopelagic 200 Hernandez-Ledn et al. (2019)* 43.0 15.7 St 9 Guinea Dome
Active flux 200 Hernandez-Ledn et al. (2019)** 85.0 31.0 St 11 Oceanic upwelling off C. Blanc
Mesopelagic 100-1000 Nagata et al. (2000)* 42 504.0 184.0 Santa Monica Basin
respiration >200 Aristegui et al. (2003b)* 5 60.0 219 Lower range in the Coastal Transition Zone Canary Current
>200 Aristegui et al. (2003b)*® 10 120.0 43.8 Higher range in the Coastal Transition Zone Canary Current
150-1000 Packard et al. (2015)* 3.49 41.9 15.3 Upwelling zone off Perd (Tabla 5)
150-1000 Packard et al. (2015)* 344.93 4139.2 1510.8  Upwelling zone off Perti (Tabla 5)
150-1000 Packard et al. (2015)* 11.46 137.5 50.2 Upwelling zone off Peru (Tabla 5)
150-1000 Packard et al. (2015)*° 243 29.2 10.6 Upwelling zone off Per (Tabla 5)
150-1000 Packard et al. (2015)* 2.72 326 11.9 Upwelling zone off Perd (Tabla 5)
150-1000 Packard et al. (2015)*° 19.57 234.8 85.7 Upwelling zone off Peru (Tabla 5)
150-1000 Packard et al. (2015)* 3.53 42.4 15.5 Upwelling zone off Perd (Tabla 5)
150-1000 Packard et al. (2015)* 6.3 75.6 27.6 Upwelling zone off Per (Tabla 5)
Bathypelagic >1000 Packard et al. (1988)* 31.3 Pacific Ocean (Costa Rica Dome)
respiration >1000  Turley and Mackie (1994)" 0.4 48 18 NE Atlantic
>1000  Nagata et al. (2000)* 0.5 6.0 2.2 Subarctic Pacific
>1000  Packard et al. (2015)" 3.07 36.8 134 Upwelling zone off Perti (Tabla 5)
>1000  Packard et al. (2015)* 0.38 4.6 17 Upwelling zone off Perd (Tabla 5)
>1000 Packard et al. (2015)* 0.34 4.1 1.5 Upwelling zone off Per (Tabla 5)
>1000  Packard et al. (2015)* 22.51 270.1 98.6 Upwelling zone off Perd (Tabla 5)
>1000  Packard et al. (2015)* 0.79 95 35 Upwelling zone off Per (Tabla 5)
>1000  Packard et al. (2015)* 1.28 15.4 5.6 Upwelling zone off Perd (Tabla 5)
Zooplankton 200-900  Hernandez-Ledn (unpublished) 22,6 83 Coca | cruise. Respiration by day. Upwelling zone Canary Current
mesopelagic 200-900  Hernéandez-Le6n (unpublished) 90.4 33.0 Coca | cruise. Respiration by day. Oceanic zone Canary Current
respiration 200-900  Hernandez-Ledn (unpublished) 21.6 7.9 Coca | cruise. Respiration by night. Oceanic zone Canary Current
200-900  Hernandez-Ledn (unpublished) 62.2 22.7 Coca | cruise. Respiration by night. Oceanic zone Canary Current
Zooplankton 1000-2000 This study 1.0 Coastal
bathypelagic 1000-2000 This study 3.0 Westerlies

respiration
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Supplementary Figure 1. Relationships between net primary production and the
backscatter signal (dB) obtained from the Lowered Acoustic Doppler Current
Profiler (LADCP) attached to the CTD rosette in epipelagic (0-200 m), mesopelagic
(200-1000 m), and the upper (1000-2000 m), intermediate (2000-3000 m), and lower
(3000-4000 m) bathypelagic layers. A large variability was found in the epipelagic
layer (0-200 m depth) in relation to primary production because of the mismatch of
measuring biomass or backscatter at a given time during the cruise and the remote
sensing average used for primary production in a rather highly dynamic system as
the epipelagic zone. Here, the higher primary production was observed in the coastal
domain (mainly close to upwelling zones), but this high values were not coupled to
high backscatter in the epipelagic zone or even in the mesopelagic zone. However, it
was better correlated in the bathypelagic zone as the biomass proxy there is the result
of long-term primary production in the upper layers.
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Supplementary Figure 2. Relationships between Longhurst primary production and
average zooplankton biomass for the different provinces of Trades, Westerlies, and
Polar domains, and excluding the coastal one, for (A) the upper (1000-2000 m), (B)
intermediate (2000-3000 m), and (C) lower (3000-4000 m) bathypelagic layers. n.s.
stand for not significant.
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Supplementary Figure 3. Box and whisker vertical profiles of zooplankton 8'°N for
Coastal and Trades biomes. For each depth interval, the median is indicated by a
thick horizontal line, the box encompasses the 25% and 75% percentiles, and the
whiskers the minimum and maximum values. The number of data is indicated for
each box. The lines represent the fitted regression equations using all data shown in
Supplementary Table 2.



Supplementary Figure 4. Location of stations of reviewed zooplankton vertical profiles
in the present study.
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