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Abstract

Ninety-one species of pelagic decapod shrimp were identified in 938 midwater-trawl collections taken between 1963 and 

1974 from the North and South Atlantic. Distributional maps are provided for the most frequently occurring species. 

Nighttime abundance of most species was greatest within the upper 200 m. Degree of geographical overlap was estimated 

using the geometric mean of the proportion of joint occurrences with a value ≥ 0.5 deemed significant. Geographical dis-

tributions tended to be unique, and only 31 species had values ≥ 0.5 with one or more other species. Species within genera 

and within phylogenetic subgroups of Sergia were generally parapatric or partially overlapping in distribution. Five geo-

graphical groupings of co-occurring species across genera were identified: Subpolar-Temperate, Southern Hemisphere, 

Central, Tropical, Eastern Tropical and Western Tropical. The two species of the Southern Hemisphere group are circum-

polar at temperate latitudes. The 12 species of the Central group occurred throughout the subtropical and tropical North 

and South Atlantic. The eight species of the Tropical group occurred broadly across the equatorial Atlantic and Caribbean 

with ranges usually extending into the Gulf of Mexico and northward in the Gulf Stream. The two species of the Western 

Tropical group occurred most often in the western tropics, but there were scattered occurrences at subtropical latitudes. 

The four species of the Eastern Tropical group were endemic to the Mauritanian Upwelling and the Angola-Benguela 

Frontal zones off western Africa. Two of the three species in the Subpolar-Temperate group had bipolar distributions, and 

all three occurred in the Mediterranean and in the Mauritanian Upwelling zone. Most Central, Tropical and Western Trop-

ical species were present in the in the Gulf of Mexico. The 10 species from the Mediterranean were a mixture of Subpolar-

Temperate, Central and benthopelagic species. Patterns of distribution in Atlantic pelagic decapods closely parallel those 

of other pelagic taxa, but myctophid fishes from the same collections appear to partition subtropical regions more finely.
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Introduction

Decapod shrimp are a major component of the micronekton (2–10 cm) in subpolar to tropical regions of the world 
ocean, exceeded in number and biomass among the crustaceans only by the generally much smaller euphausiids 
(Brodeur et al. 2004). Although the shrimp fauna is phylogenetically diverse, with representatives of many genera 
and families within both decapod suborders, species are similar in general morphology, behavior and diet. Decapod 
shrimp collectively play an important role in the transfer of biomass within the marine food web. They scavenge 
organic debris but also actively prey on a wide spectrum of zooplankton, especially copepods, and appear to be the 
main competitors of midwater fish, the other major predatory group in the micronekton (Hopkins & Sutton 1998). 
In turn, they are eaten by a range of predators including other shrimp, siphonophores, cephalopods, dimersal and 
pelagic fish, and in the case of at least one species, Eusergestes similis, baleen whales (Pereyra et al. 1969, Pinkas 
et al. 1971, Omori et al. 1972, Biggs 1977, Brock 1985, Bulman & Koslow 1992, Cartes 1993, Bjelland & 
Monstad 1997, Yamamura & Inada 2001, Bergstadt et al. 2003).

Decapod shrimp have been the subject of several vertical distribution and regional faunal studies in the 
Atlantic and confluent seas (Foxton 1970a, 1970b, 1972a, Kensley 1971a, 1971b, Crosnier & Forest 1973, Foxton 
& Roe 1974, Donaldson 1975, Heffernan & Hopkins 1981, Roe 1984, Pohle 1988, Hopkins et al. 1989, Andersen 
& Sardou 1992, Cartes et al. 1994, Flock & Hopkins 1992, Hopkins et al. 1994, Hargreaves 1999, Koukouros et al. 
2000, Politou et al. 2005, Pequegnat & Wicksten 2006, MacIsaac 2013, Cardoso et al. 2014), but there has not been 
an accounting to date of the entire shrimp fauna over the entire ocean. This study is based on examination of 938 
Accepted by J. Goy: 5 Nov. 2014; published: 16 Dec. 2014 

Licensed under a Creative Commons Attribution License http://creativecommons.org/licenses/by/3.0

 301



References

Andersen, V. & Sardou, J. (1992) The diel migrations and vertical distributions of zooplankton and micronekton in the 
northwestern Mediterranean Sea. 1. Euphausiids, mysids, decapods and fishes. Journal of Plankton Research, 14, 
1129–1154. 
http://dx.doi.org/10.1093/plankt/14.8.1129

Backus, R.H. & Craddock, J.E. (1974) Data report for Atlantic pelagic zoogeography. Woods Hole Oceanographic Institution 

Technical Report, WHOI-77-4, 87 pp.
Backus, R.H. & Craddock, J.E. (1977). Pelagic faunal provinces and sound-scattering levels in the Atlantic ocean. In:

Andersen, N.R. & Zahuranec, B.J. (Eds.), Ocean Sound Scattering Prediction. Plenum Press, New York, pp. 529–547.
Backus, R.H., Craddock, J.E., Haedrich, R.L. & Robison, B.H. (1977) Atlantic mesopelagic zoogeography. In: Gibbs, R.H. 

(Ed.), Fishes of the Western North Atlantic. Part seven. Order Iniomi (Myctophiformes): Neoscopelidae and Myctophidae, 

and Atlantic mesopelagic zoogeography. Sears Foundation for Marine Research Memoir. Vol. 1. Yale University Press, 
New Haven, pp. 266–286.

Baird, R.C. (1971) The systematics, distribution and zoogeography of the marine hatchetfishes (Family Sternoptychidae). 
Bulletin of the Museum of Comparative Zoology, 142, 1–128.

Balino, B.M. & Aksnes, D.L. (1993) Winter distribution and migration of the sound scattering layers, zooplankton and 
micronekton in Masfjorden, western Norway. Marine Ecology Progress Series, 102, 35–50. 
http://dx.doi.org/10.3354/meps102035

Balss, H. (1927) Macrura der Deutschen Tiefsee-Expedition. 3. Natantia, Teil B. Wissenschaftliche Ergebnisse der Deutschen 

Tiefsee-Expedition auf dem Dampfer ”Valdivia” 1898–1899, 23, 247–275.
Barnard, K.H. (1947) Descriptions of new species of South African decapod Crustacea, with notes on synonymy and new 

records. The Annals and Magazine of Natural History, Series 11, 13, 361–392. 
http://dx.doi.org/10.1080/00222934608654562

Barnard, K.H. (1950) Descriptive catalogue of South African decapod Crustacea (crabs and shrimps). Annals of the South 

African Museum, 38, 1–837.
Bartholomew, J.C. (1957) The Advanced Atlas Of Modern Geography. McGraw-Hill, New York, 108 pp.
Bergstadt, O.A., Wik, A.D. & Hildre, Ø. (2003) Predator-prey relationships and food sources of the Skagerrak deep-water fish 

assemblage. Journal of Northwest Atlantic Fishery Science, 31, 165–180.
Biggs, D.C. (1977) Field studies of fishing, feeding, and digestion in siphonophores. Marine Behaviour and Physiology, 4, 

261–274. 
http://dx.doi.org/10.1080/10236247709386958

Bjelland, O. & Monstad, T. (1997) Blue whiting in the Norwegian Sea, spring and summer 1995 and 1996. International 

Council for the Exploration of the Sea, Council Meeting, 15, 1–25.
Bouvier, E.L. (1905) Sur les Pénéides et les Sténopides receuillis par les expéditions françaises et monégasques dans 

l’Atlantique oriental. Comptes Rendus hebdomadaires des Séances de l’Académie des Sciences, 140, 980–983.
Bouvier, E.L. (1906) Suite aux observations sur les Gennadas ou Pénéides bathypélagiques. Comptes Rendus hebdomadaires 

des Séances de l’Académie des Sciences, 142, 746–750.
Brinton, E. (1962) The distribution of Pacific euphausiids. Bulletin of the Scripps Institution of Oceanography of the University 

of California, 8, 51–270.
Brinton, E. (1975) Euphausiids of southeast Asian waters. Naga Report, Scientific Results of Marine Investigations of the South 

China Sea and the Gulf of Thailand 1959–1961, 4 (Part 4), 287 pp.
Brinton, E. (1979) Parameters relating to the distributions of planktonic organisms, especially euphausiids in the eastern 

tropical Pacific. Progress in Oceanography, 8, 169–189.
Brodeur, R.D., Seki, M.D., Pakhomov, E.A. & Suntsov, A.V. (2004) Micronekton - What are they and why are they important? 

Available from: http://www.nwfsc.noaa.gov/assets/2/6034_02092005_154400_micronekton.pdf (accessed 2 December 
2014)

Brock, R.E. (1985) Preliminary study of the feeding habits of pelagic fish around hawaiian fish aggregation devices or can fish 
aggregation devices enhance local fisheries productivity? Bulletin of Marine Science, 37, 40–49.

Brullé, A. (1839) Crustacés. In: Barker-Webb, P. & Berthelot, S. (Eds.), Histoire naturelle des Iles Canaries. Béthune, Paris, 
pp. 15–18. 
http://dx.doi.org/10.5962/bhl.title.49452

Buchholz, R. (1874) Crustaceen. In: Hartlaub, G. & Lindeman, M. (Eds.), Die zweite deutsche Nordpolarfahrt in den Jahren 

1869 und 1870, unter Fuhrung des Kapitan Karl Koldewey. F.A. Brockhaus, Leipzig, pp. 262–399. 
http://dx.doi.org/10.5962/bhl.title.1541

Bulman, C.M. & Koslow, J.A. (1992) Diet and food consumption of a deep-sea fish, orange roughy Hoplostethus atlanticus

(Pisces: Trachichthyidae), off southeastern Australia. Marine Ecology Progress Series, 82, 115–129.  
http://dx.doi.org/10.3354/meps082115 

Burkenroad, M.D. (1940) Preliminary descriptions of twenty-one new species of pelagic Penaeidae (Crustacea Decapoda) from 
the Danish Oceanographical Expeditions. The Annals and Magazine of Natural History, Series 11, 6, 35–54. 
http://dx.doi.org/10.1080/03745481.1940.9723655

Cardoso, I.A., Falkenhaug, T. & Fernandes, L.F.L. (2014) Comparison between the shrimp species richness (Caridea and
Dendrobranchiata, Decapoda, Crustacea) of the south and north mid Atlantic ridge. Brazilian Journal of Oceanography, 
62, 47–56.  
JUDKINS340  ·  Zootaxa 3895 (3)  © 2014 Magnolia Press

http://dx.doi.org/10
http://dx.doi.org/10
http://dx.doi.org/10.1093/plankt/14.8.1129
http://dx.doi.org/10.1093/plankt/14.8.1129
http://dx.doi.org/10.1093/plankt/14.8.1129
http://dx.doi.org/10.3354/meps102035
http://dx.doi.org/10.3354/meps102035
http://dx.doi.org/10.1080/00222934608654562
http://dx.doi.org/10.1080/00222934608654562
http://dx.doi.org/10.1080/10236247709386958
http://dx.doi.org/10.1080/10236247709386958
http://dx.doi.org/10.1080/10236247709386958
http://dx.doi.org/10.5962/bhl.title.49452
http://dx.doi.org/10.5962/bhl.title.49452
http://dx.doi.org/10.5962/bhl.title.49452
http://dx.doi.org/10
http://dx.doi.org/10
http://dx.doi.org/10.3354/meps082115
http://dx.doi.org/10.3354/meps082115
http://dx.doi.org/10.1080/03745481.1940.9723655
http://dx.doi.org/10.1080/03745481.1940.9723655


http://dx.doi.org/10.1590/s1679-87592014060706201
Calman, W.T. (1925) On macrurous decapod Crustacea collected in South African waters by the S.S. “Pickle”. Reports of the 

Fisheries and Marine Biological Surveys of South Africa, 4, 1–26.
Cartes, J.E. (1993) Diets of deep-water pandalid shrimps on the western Mediterranean slope. Marine Ecology Progress Series, 

95, 49–61. 
http://dx.doi.org/10.3354/meps096049

Cartes, J.E., Sorbeb, J.C. & Sardà, F. (1994) Spatial distribution of deep-sea decapods and euphausiids near the bottom in the 
northwestern Mediterranean. Journal of Experimental Marine Biology and Ecology, 179, 131–144.

Casanova, J.P. (1977) La faune pélagique profonde (zooplankton et micronecton) de la Province Atlanto-Méditerranéenne 

aspects taxonomique, biologique et zoogéographique. Thèse Docteur es - Sciences Naturelles, L’Université de Provence 
(Aix - Marseille I), 455 pp.

Casanova, J.P & Judkins, D.C. (1977) Les décapodes pélagiques en Méditerranée. Répartition et secteurs faunistiques. 

Rapports et procés-Verbaux des réunions. Commission internationale pour l'Exploration scientifiques de la Mer 

Méditerranée, 24, 125–127. 
Chace Jr., F.A. (1940) Plankton of the Bermuda Oceanographic Expeditions. IX. The bathypelagic caridean Crustacea.

Zoologica, 25, 117–209.
Clarke, W.D. (1963) Field Data for the Isaacs-Kidd Midwater Trawl Collections of Scripps Institution of Oceanography. 

University of California Scripps Institution of Oceanography Data Report, SIO Reference 63–29, 23 pp. 
Company, J., Cartes, J., Sardà, F. (2006) Biological patterns and near-bottom population characteristics of two pasiphaeid 

decapod crustacean species, Pasiphaea sivado and P. multidentata, in the north-western Mediterranean Sea. Marine 

Biology, 139, 61–73. 
http://dx.doi.org/10.1007/s002270100538

Coutière, H. (1905) Sur quelques Crustacés provenant des campagnes de la Princesse-Alice (filet à grande ouverture). Comptes 

Rendus hebdomadaires des Séances de l’Académie des Science, 140, 1113–1115. 
Criales, M. & McGowan, M.F. (1993) Occurrence and description of mysis larvae of a mesopelagic shrimp species of the 

genus Gennadas (Crustacea: Decapoda: Aristeidae) from coastal waters of south Florida. Bulletin of Marine Science, 53, 
973–984.

Crosnier, A. & Forest, J. (1973) Les crevettes profondes de l’Atlantique Oriental Tropical. Faune Tropicale, 19, 1–409.
De Grave, S. & Fransen, C.H.J. M. (2011) Carideorum catalogus: the recent species of the dendrobranchiate, stenopodidean, 

procarididean and caridean shrimps (Crustacea: Decapoda). Zoologische Mededelingen Leiden, 85 (9), 195–589.
De Man, J.G. (1931) On a new species of the genus Hoplophorus H.M.-Edw., Hoplophorus novæ-zeelandiæ, sp. n. The Journal 

of the Linnean Society (Zoology), 37, 369–378. 
http://dx.doi.org/10.1111/j.1096-3642.1930.tb02073.x

Donaldson, H.A. (1975) Vertical distribution and feeding of sergestid shrimps (Decapoda: Natantia) collected near Bermuda. 
Marine Biology, 31, 37–50. 
http://dx.doi.org/10.1007/bf00390646

Ebeling, A.W. (1962) Melamphaeidae, I: Systematics and zoogeogrpahy of the bathypelagic fish genus Melamphaes Gunther. 
Dana Report, 58, 1–164.

Ebeling, A.W. & Weed, W.H. (1963) Melamphaeidae, III: Systematics and distribution of the species of the bathypelagic fish 
genus Scopelogadus Vaullant. Dana Report, 60, 1–58.

Environmental Protection Agency (2012) Climate change indicators: sea surface temperature. Available from http://
www.epa.gov/climatechange/science/indicators/oceans/sea-surface-temp.html (accessed 5 December 2014)

Esmark, L. (1866) Carcinologiske Bidrag til den skandinavske Fauna. Forhandlinger i Videnskabs-Selskabet i Christiana, 
1865, 259–260.

Estrada, M. (1996) Primary production in the northwestern Mediterranean. In: Palomera, I & Rubiés, P.  (Eds.), The European 

Anchovy and its Environment. Scientia Marina, 60 (supplement 2), pp. 55-64.
Fager, E.W. & McGowan, J.A. (1963) Zooplankton species groups in the North Pacific. Science, 140, 453–460. 

http://dx.doi.org/10.1126/science.140.3566.453
Faxon, W. (1893) Reports on the dredging operations off the west coast of Central America to the Galapagos, to the west coast 

of Mexico, and in the Gulf of California, in charge of Alexander Agassiz, carried on by the U.S. Fish Commission steamer 
“Albatross”, during 1891, Lieut. Commander Z.L. Tanner, U.S.N., commanding. VI. Preliminary descriptions of new 
species of Crustacea. Bulletin of the Museum of Comparative Zoology, 24, 149–220.

Fernandes, L.D. A, de Sousa, M.F. & Bonecker, S.L.C. (2007) Morphology of oplophorid and bresiliid larvae (Crustacea, 
Decapoda) of southwestern Atlantic plankton, Brazil. Pan-American Journal of Aquatic Sciences, 2, 199–230.

Fernández-Álamo, M.A. & Färber-Lorda, A. (2006) Zooplankton and the oceanography of the eastern tropical Pacific: A 
review. Progress in Oceanography, 69, 318–359. 
http://dx.doi.org/10.1016/j.pocean.2006.03.003

Filhol, H. (1884) Explorations sous-marines.Voyage du “Talisman”. La Nature, 12, 119–394.
Fleminger, A. (1973) Pattern, number, variability and taxonomic significance of integumental organs (sensilla and glandular 

pores) in the genus Eucalanus (Copepoda, Calanoida). Fishery Bulletin, 71, 965–1010.
Fleminger, A. & Hulsemann, K. (1973) Relationship of Indian Ocean epiplanktonic calanoids to the world oceans. In: 

Zeitzschel, B. & Gerlach, S.A. (Eds.), The Biology of the Indian Ocean, Springer-Verlag, Berlin, pp. 339–347.
Fleminger, A. & Husleman, K. (1974) Systematics and distribution of the four sibling species comprising the genus Pontellina

Dana (Copepoda, Calanoida). Fishery Bulletin, 72, 63–120.
Flock, M.E. & Hopkins, T.L. (1992) Species composition, vertical distribution, and food habits of the sergestid shrimp 
 Zootaxa 3895 (3)  © 2014 Magnolia Press  ·  341ATLANTIC PELAGIC DECAPOD SHRIMP

http://dx.doi.org/10
http://dx.doi.org/10.3354/meps096049
http://dx.doi.org/10.3354/meps096049
http://dx.doi.org/10.3354/meps096049
http://dx.doi.org/10.1007/s002270100
http://dx.doi.org/10.1007/s002270100
http://dx.doi.org/10.1007/bf00390646
http://dx.doi.org/10.1007/bf00390646
http://dx.doi.org/10.1126/science.140.3566.453
http://dx.doi.org/10.1126/science.140.3566.453
http://dx.doi.org/10.1016/j.pocean.2006.03.003
http://dx.doi.org/10.1016/j.pocean.2006.03.003


assemblage in the eastern Gulf of Mexico. Journal of Crustacean Biology, Series 2, 12, 210–223. 
http://dx.doi.org/10.2307/1549076

Foxton, P. (1970a) The vertical distribution of pelagic decapods [Crustacea: Natantia] collected on the Sond cruise 1965. I. The 
Caridea. Journal of the Marine Biological Association of the United Kingdom, 50, 939–960. 
http://dx.doi.org/10.1017/s0025315400005907

Foxton, P. (1970b) The vertical distribution of pelagic decapods [Crustacea: Natantia] collected on the Sond cruise 1965. II. 
The Penaeidea and general discussion. Journal of the Marine Biological Association of the United Kingdom, 50, 
961–1000. 
http://dx.doi.org/10.1017/s0025315400005919

Foxton, P. (1971) A new species of the genus Acanthephyra [Crustacea: Natantia]: first discovered and described in MS notes 
by Dr Stanley W. Kemp. Journal of the Marine Biological Association of the United Kingdom, 51, 33–41. 
http://dx.doi.org/10.1017/s0025315400006421

Foxton, P. (1972a) Observations on the vertical distribution of the genus Acanthephyra (Crustacea: Decapoda) in the eastern 
North Atlantic, with particular reference to species of the ‘purpurea’ group. Proceedings of the Royal Society of 

Edinburgh. Section B. Biology, 73, 301–313. 
http://dx.doi.org/10.1017/s0080455x00002356

Foxton, P. (1972b) Evidence of the taxonomic importance of the organs of Pesta in the genus Sergestes. Crustaceana, 22, 
181–189. 
http://dx.doi.org/10.1163/156854072x00444

Foxton, P. & Roe, H.S.J. (1974) Observations on the nocturnal feeding of some mesopelagic decapod crustaceans. Marine 

Biology, 28, 37–49. 
http://dx.doi.org/10.1007/bf00389115

Froglia, C. & Gramitto, M.E. (2000) A new pelagic shrimp of the genus Sergia (Decapoda, Sergestidae) from the Atlantic 
Ocean. Journal of Crustacean Biology, 20 (Special Number 2), 71–77.

Frost, B. & Fleminger, A. (1968) A revision of the genus Clausocalanus (Copepoda:Calanoida) with remarks on distributional 
patterns in diagnostic characters. Bulletin of the Scripps Institution of Oceanography of the University of California, 12, 
1–235.

Gibbs, R.J. Jr. (1969) Taxonomy, sexual dimorphism, vertical distribution, and evolutionary zoogeography of the bathypelagic 
fish genus Stomia (Stomiatidae). Smithsonian Contributions to Zoology, 31, 1–25. 
http://dx.doi.org/10.5479/si.00810282.31

Goetze, E. (2005) Global population genetic structure and biogeography of the oceanic copepods Eucalanus hyalinus and E. 

spinifer. Evolution, 59, 2378–2398. 
http://dx.doi.org/10.1554/05-077.1

Goetze, E. (2011) Population differentiation in the open sea: insights from the pelagic copepod Pleuromamma xiphias. 
Integrative and Comparative Biology, 51, 580–597. 
http://dx.doi.org/10.1093/icb/icr104

Goetze, E. & Bradford-Grieve, J. (2005) Genetic and morphological description of Eucalanus spinifer T. Scott, 1894 
(Calanoida: Eucalanidae), a circumglobal sister species of the copepod E. hyalinus s.s. (Claus, 1866). Progress in 

Oceanography, 65, 55–87. 
http://dx.doi.org/10.1016/j.pocean.2005.02.015

Gopalakrishnan, K. (1975) Biology and taxonomy of the genus Nematoscelis (Crustacea, Euphausiacea). Fishery Bulletin, 73, 
797–814.

Gordon, I. (1939) A new species of Sergestes (Crustacea, Decapoda) from the South Atlantic. The Annals and Magazine of 

Natural History, Series 11, 4, 498–509. 
http://dx.doi.org/10.1080/00222933908527014

Griffiths, F.B. & Brandt, S.B. (1983a) Mesopelagic Crustacea in and around a warm-core eddy in the Tasman Sea off eastern 
Australia. Australian Journal of Marine and Freshwater Research, 34, 609–623. 
http://dx.doi.org/10.1071/mf9830609

Griffiths, F.B. & Brandt, S.B. (1983b) Distribution of mesopelagic decapod Crustacea in and around a warm-core eddy in the 
Tasman Sea. Marine Ecology Progress Series, 12, 175–184. 
http://dx.doi.org/10.3354/meps012175

Haedrich, R.L. & Judkins, D.C. (1979) Macrozooplankton and its environment. In: van der Spoel, S. & Pierrot-Bults, A.C. 
(Eds.), Zoogeography and diversity in plankton. Bunge Scientific Publishers, Utrecht, pp. 4–28.

Haedrich, R.L., Devine, J.A. & Kendall, V.J. (2008) Predictors of species richness in the deep-benthic fauna of the northern 
Gulf of Mexico. Deep-Sea Research II, 55, 2650–2656. 
http://dx.doi.org/10.1016/j.dsr2.2008.09.003

Hansen, H.J. (1919) The Sergestidae of the Siboga-Expedition. Siboga Expeditie, 38, 1–65. 
http://dx.doi.org/10.5962/bhl.title.10421

Hargreaves, P.M. (1999) The vertical distribution of micronektonic decapod and mysid crustaceans across the Goban Spur of 
the Porcupine Seabight. Sarsia, 84, 1–18.

Heffernan, J.J. & Hopkins, T.L. (1981) Vertical distribution and feeding of the shrimp genera Gennadas and Bentheogennema 

(Decapoda: Penaeidea) in the eastern Gulf of Mexico. Journal of Crustacean Biology, Series 4, 1, 461–473. 
http://dx.doi.org/10.2307/1548124

Hopkins, T.L., Flock, M.E., Gartner, J.V. Jr. & Torres, J.L. (1994) Structure and trophic ecology of a low latitude midwater 
decapod and mysid assemblage. Marine Ecology Progress Series, 109, 146–153. 
JUDKINS342  ·  Zootaxa 3895 (3)  © 2014 Magnolia Press

http://dx.doi.org/10.2307/1549076
http://dx.doi.org/10.2307/1549076
http://dx.doi.org/10.1017/s0025315400005907
http://dx.doi.org/10.1017/s0025315400005907
http://dx.doi.org/10.1017/s00253154
http://dx.doi.org/10.1017/s00253154
http://dx.doi.org/10.1017/s00253154
http://dx.doi.org/10.1017/s0025315400006421
http://dx.doi.org/10.1017/s0025315400006421
http://dx.doi.org/10.1017/s0080455x00002356
http://dx.doi.org/10.1017/s0080455x00002356
http://dx.doi.org/10.1163/156854072x00444
http://dx.doi.org/10.1163/156854072x00444
http://dx.doi.org/10.1163/156854072x00444
http://dx.doi.org/10.1007/bf00389115
http://dx.doi.org/10.1007/bf00389115
http://dx.doi.org/10.5479/si.00810282.31
http://dx.doi.org/10.5479/si.00810282.31
http://dx.doi.org/10.1554/05-077.1
http://dx.doi.org/10.1554/05-077.1
http://dx.doi.org/10.1093/icb/icr104
http://dx.doi.org/10.1093/icb/icr104
http://dx.doi.org/10.1080/00222933908527014
http://dx.doi.org/10.1080/00222933908527014
http://dx.doi.org/10.1071/mf9830609
http://dx.doi.org/10.1071/mf9830609
http://dx.doi.or
http://dx.doi.or
http://dx.doi.org/10.1016/j.dsr2.2
http://dx.doi.org/10.1016/j.dsr2.2
http://dx.doi.org/10.5962/bhl.title.10421
http://dx.doi.org/10.5962/bhl.title.10421
http://dx.doi.org/10.2307/1548124
http://dx.doi.org/10.2307/1548124
http://dx.doi.org/10.3354/meps109143


http://dx.doi.org/10.3354/meps109143
Hopkins, T.L., Gartner, J.V. Jr. & Flock, M.E. (1989) The caridean shrimp (Decapoda: Natantia) assemblage in the mesopelagic 

zone of the eastern Gulf of Mexico. Bulletin of Marine Science, Series 1, 45, 1–14.
Hopkins, T.L. & Sutton, T.T. (1998) Midwater fishes and shrimps as competitors and resource partitioning in low latitude 

oligotrophic ecosystems. Marine Ecology Progress Series, 164, 37–45. 
http://dx.doi.org/10.3354/meps164037

Illig, G. (1927) Die Sergestiden der Deutschen Tiefsee-Expedition. Wissenschaftliche Ergebnisse der Deutschen Tiefsee-

expedition aus dem Dampfer ”Valdivia” 1898–1899, 23, 277–354.
Isaacs, J.D. & Kidd, L.W. (1953) Isaacs-Kidd Midwater Trawl. University of California Scripps Institution of Oceanography 

Data Report, SIO Reference 53-3, 21 pp.
Johnson, J.Y. (1868) Descriptions of a new genus and a new species of macrurous decapod crustacean belonging to the 

Penaeidae, discovered at Madeira. Proceedings of the Zoological Society of London, 1867, 895–901.
Johnson, R.K. (1974) A revision of the Alepisauroid family Scopelarchidae (Pisces: Myctophiformes). Fieldiana: Zoology, 66, 

1–249. 
http://dx.doi.org/10.5962/bhl.title.3224

Judkins, D.C. (1978) Pelagic shrimps of the Sergestes edwardsi species group (Crustacea: Decapoda: Sergestidae). Smithsonian 

Contributions to Zoology, 256, 1–34. 
http://dx.doi.org/10.5479/si.00810282.256

Judkins, D.C. & Fleminger, A. (1972) Comparison of foregut contents of Sergestes similis obtained from net collections and 
albacore stomachs. Fishery Bulletin, 70, 217–223. 

Judkins, D.C. & Kensley, B. (2008) New genera in the family Sergestidae (Crustacea: Decapoda: Penaeidae). Proceedings of 

the Biological Society of Washington, 121, 72–84. 
http://dx.doi.org/10.2988/06-26.1

Karstensen, J., Stramma, L. & Visbeck, M. (2008) Oxygen minimum zones in the eastern tropical Atlantic and Pacific oceans. 
Progress in Oceanography, 77, 331–350. 
http://dx.doi.org/10.1016/j.pocean.2007.05.009

Karuppasamy, P.K. & Menon, N.G. (2004) Food and feeding habits of the pelagic shrimp, Oplophorus typus from the deep 
scattering layer along the west coast of India. Indian Journal of Fisheries, 51, 17–24.

Kemp, S. (1909) The decapods of the genus Gennadas collected by H.M.S. ’Challenger’. Proceedings of the Zoological Society 

of London, 1909, 718–730.
Kemp, S. (1913) The Percy Sladen Trust Expedition to the Indian Ocean in 1905 under the leadership of Mr. J. Stanley 

Gardiner. Volume 5, no. 5. Pelagic Crustacea Decapoda of the Percy Sladen Expedition in H.M.S. “Sealark”. Transactions 

of the Linnean Society of London, Series 2 (Zoology), 16, 53–68. 
http://dx.doi.org/10.1111/j.1096-3642.1914.tb00121.x

Kemp, S. (1939) On Acanthephyra purpurea and its allies (Crustacea Decapoda: Hoplophoridae). The Annals and Magazine of 

Natural History, Series 11, 568–579. 
http://dx.doi.org/10.1080/00222933908655403

Kensley, B. (1971a) The family Sergestidae in the waters around southern Africa. (Crustacea, Decapoda, Natantia). Annals of 

the South African Museum, 57, 215–264.
Kensley, B. (1971b) The genus Gennadas in the waters around southern Africa. (Crustacea, Decapoda, Natantia). Annals of the 

South African Museum, 57, 271–293.
Koukouras, A., Doulgeraki, S. & Kitsos, M.-S. (2000) Notes on the vertical distribution of pelagic shrimps (Decapoda, 

Natantia) in the Aegean Sea. Crustaceana, 73, 979–993. 
http://dx.doi.org/10.1163/156854000505038

Krøyer, H. (1845) Karcinologiske Bidrag. Naturhistorisk Tidsskrift, 1, 283–638.
Krøyer, H. (1855). Bidrag til Kundskab om Krebsdyrsslaegten Sergestes Edw. Og om 11 Arter af same. Oversigt over het 

Kongelige Danske Videnskabernes Selskabs Forhandlinger, 1855, 22–34.
Le Borgne, R. (1982) Zooplankton production in the eastern tropical Atlantic Ocean: Net growth efficiency and P:B in terms of 

carbon, nitrogen, and phosphorus. Limnology and Oceanography, 27, 681–698. 
http://dx.doi.org/10.4319/lo.1982.27.4.0681

MacArthur, R.H. (1972) Geographical Ecology. Patterns in the Distribution of Species. Harper & Row, New York, 269 pp.
MacIsaac, K.G.,  Kenchington, T.J., Kenchington, E.L.R. & Best, M. (2014) The summer assemblage of large pelagic 

Crustacea in the Gully submarine canyon: major patterns. Deep-Sea Research, 104, 51–66. 
http://dx.doi.org/10.1016/j.dsr2.2013.08.017

Mayr, E. (1970) Populations, Species, and Evolution. Belknap Press, Cambridge, 453 pp.
McGowan, J.A. (1974) The nature of oceanic ecosystems. In: Miller, C.B. (Ed.), The biology of the oceanic Pacific: 

Proceedings of the Thirty-third Annual Biology Colloquium. Oregon State University Press, Corvallis, pp. 7–28.
McKelvie, D.S. (1985) Discreteness of pelagic faunal regions. Marine Biology, 88, 125–133. 

http://dx.doi.org/10.1007/bf00397159
Milne Edwards, A. (1881a) Compte rendu sommaire d’une exploration zoologique faite dand l’Atlantique, à bord du navire le 

Travailleur. Comptes Rendus hebdomadaires des Séances de l’Académie des Sciences, 93, 931–936.
Milne Edwards, A. (1881b) Description de quelques crustacés macroures provenant des grandes profondeurs de la Mer des 

Antilles. Annales des Sciences Naturelles, Series 6, 11, 1–15.
Milne Edwards, A. (1883) Recueil de figures de Crustacés nouveaux ou peux connus. Vol. 3. Paris, 3 pp., 44 plates. 

http://dx.doi.org/10.5962/bhl.title.10644
 Zootaxa 3895 (3)  © 2014 Magnolia Press  ·  343ATLANTIC PELAGIC DECAPOD SHRIMP

http://dx.doi.org/10.3354/meps109143
http://dx.doi.org/10.3354/meps164037
http://dx.doi.org/10.3354/meps164037
http://dx.doi.org/10.5962/bhl.title.3224
http://dx.doi.org/10.5962/bhl.title.3224
http://dx.doi.org/10.5962/bhl.title.3224
http://dx.doi.org/10.5479/si.0081028
http://dx.doi.org/10.5479/si.0081028
http://dx.doi.org/10.2988/06-26.1
http://dx.doi.org/10.2988/06-26.1
http://dx.doi.org/10.1016/j.pocean.2007.05.009
http://dx.doi.org/10.1016/j.pocean.2007.05.009
http://dx.doi.org/10.1111/j.1096-3642.1914.tb00121.x
http://dx.doi.org/10.1111/j.1096-3642.1914.tb00121.x
http://dx.doi.org/10.1080/00222933908655403
http://dx.doi.org/10.1080/00222933908655403
http://dx.doi.org/10.1163/156854000505038
http://dx.doi.org/10.1163/156854000505038
http://dx.doi.org/10.4319/lo.1982.27.4.0681
http://dx.doi.org/10.4319/lo.1982.27.4.0681
http://dx.doi.org/10.1016/j.dsr2.2013.08.017
http://dx.doi.org/10.1016/j.dsr2.2013.08.017
http://dx.doi.org/10.1007/bf00397159
http://dx.doi.org/10.1007/bf00397159
http://dx.doi.org/10.5962/bhl.title.10644


Milne Edwards, H. (1830) Description des genres Glaucothoe, Sicyonie, Sergeste et Acete, de l’ordre des Crustacés 
Décapodes. Annales des Sciences Naturelles, Series 1, 19, 333–352.

Miya, M. & Nishida, M. (1996) Molecular phylogenetic perspective on the evolution of the deep-sea fish genus Cyclothone 

(Stomiiformes: Gonostomatidae). Ichthyological Research, 43, 375–398. 
http://dx.doi.org/10.1007/bf02347637

Nafpaktitis, B.G., Backus, R.H., Craddock, J.E., Haedrich, R.L., Robison, B.H. & Karnella, C. (1977) Famly Myctophidae. In: 
Gibbs, R.H. (Ed.), Fishes of the Western North Atlantic. Part seven. Order Iniomi (Myctophiformes): Neoscopelidae and 

Myctophidae, and Atlantic mesopelagic zoogeography. Sears Foundation for Marine Research Memoir. Vol. 1. Yale 
University Press , New Haven, pp. 13–265.

Omori, M. (1971) Preliminary rearing experiments on the larvae of Sergetes lucens (Penaeidea, Natantia, Decapoda). Marine 

Biology, 9, 228–234. 
http://dx.doi.org/10.1007/bf00351384

Omori, M. (1974) The biology of pelagic shrimps in the ocean. Advances in Marine Biology, 12, 233–324.
Omori, M. (1979) Growth, feeding, and mortality of larval and early postlarval stages of the oceanic shrimp Sergestes similis

Hansen. Limnology and Oceanography, 24, 273–288.  
http://dx.doi.org/10.4319/lo.1979.24.2.0273

Omori, M. & Gluck, D. (1979) Life history and vertical migration of the pelagic shrimp Sergestes simllis off the southern 
California coast. Fishery Bulletin, 77, 187–193.

Omori, M., Kawamura, A. & Aizawa, Y. (1972) Sergestes similis Hansen, its distribution and importance as food of fin and sei 
whales in the northern North Pacific Ocean. In: Takenouti, A.Y. (Ed.), Biological oceanography of the northern North 

Pacific Ocean. Idenitsu Shoten, Japan, pp. 373–391.
Omori, M. & Ohta, S. (1981) The use of underwater camera in studies of vertical distribution and swimming behavior of a 

sergestid shrimp, Sergia lucens. Journal of Plankton Research, 3, 107–121. 

http://dx.doi.org/10.1093/plankt/3.1.107
Ortmann, A. (1893) Decapoden und Schizopoden. In: Hensen, V. (Ed.), Ergebnisse der Plankton-Expedition der Humboldt-

Stiftung, 2 G b, Lipsius und Tischer, Leipzig, pp. 1–120.
Pennington, J.T., Mahoney, K.L., Kuwahara, V.S., Kolber, D.D., Calienes, R. & Chavez, F.P. (2006) Primary production in the 

eastern tropical Pacific: A review. Progress in Oceanography, 69, 285–317. 
http://dx.doi.org/10.1016/j.pocean.2006.03.012

Pequegnat, L.H. & Wicksten, M.K. (2006) Oplophorid shrimps (Decapoda: Caridea: Oplophoridae) in the Gulf of Mexico and 
Caribbean Sea from the collections of the research vessels Alaminos, Oregon and Oregon II. Crustacean Research, 35, 
92–107.

Pereyra, W.T., Pearcy, W.G. & Carvey, F.E. Jr. (1969) Sebastodes flavidus, a shelf rockfish feeding on mesoplelagic faune, with 
a consideration of ecological implication. Journal of the Fisheries Research Board of Canada, 26, 2211–2215. 
http://dx.doi.org/10.1139/f69-205

Pérez Farfante, I. & Kensley, B. (1997) Penaeoid and sergestoid shrimps and prawns of the world. Keys and diagnoses for the 
families and genera. Mémoires du Muséum national d’Histoire naturelle, 175, 1–233.

Pietsch, T.W. (2009) Oceanic Anglerfishes: Extraordinary Diversity in the Deep Sea. University of California Press, Berkeley 
and Los Angeles, California, 557 pp.

Pinkas, L., Oliphant, M.S. & Iverson, I.L.K. (1971) Food habits of albacore, bluefin tuna, and bonito in California waters. State 

Of California Department of Fish and Game Fish Bulletin, 152, 5–105.
Piontkovski, S., Williams, R., Ignatyev, S., Boltachev, A. & Chesalin, M. (2006) Structural–functional relationships in the 

pelagic community of the eastern tropical Atlantic Ocean. Journal Of Plankton Research, 28, 1039–1046.
Pohle, G. (1988) A guide to the deep-sea shrimp and shrimp-like decapod Crustacea  of Atlantic Canada. Canadian Technical 

Report of Fisheries and Aquatic Sciences, No.1657, 29 pp.
Politou, C.-Y., Maiorano, P., D’Onghia, G. & Mytilineou, C. (2005) Deep-water decapod crustacean fauna of the eastern Ionian 

Sea. Belgian Journal of Zoology, 135, 235–241.
Rathbun, M.J. (1906) The Brachyura and Macrura of the Hawaiian islands. Bulletin of the United States Fish Commission, 23, 

827–930.
Reid, J.L., Brinton, E., Fleminger, A., Venrick, E.L. & McGowan, J.A. (1978) Ocean Circulation and Marine Life. In: 

Charnock, H. & Deacon, G. (Eds.), Advances in Oceanography. Plenum Press, New York, pp. 65–130.
Risso, A. (1816) Histoire naturelle des crustacés des environs de Nice. Librairie Grecque-Latine-Allemande, Paris, 175 pp. 

http://dx.doi.org/10.5962/bhl.title.8992
Roe, H.S.J. (1984) The diel migrations and distributions within a mesopelagic community in the north east Atlantic. 2. Vertical 

migrations and feeding of mysids and decapod Crustacea. Progress in Oceanography, 13, 269–318.
Schmitt, W.L. (1931) Some carcinological results of the deeper water trawlings of the Anton Dohrn, including description of 

two new species of Crustacea. Carnegie Institute of Washington Yearbook, 30, 389–394.
Shannon, L.V., Agenbag, J.J. & Buys, M.E.L. (1987) Large- and mesoscale features of the Angola-Benguela Front. South 

African Journal of Marine Science, 5, 11–34. 
http://dx.doi.org/10.2989/025776187784522261

Smith, P.F. (1954) Further measurements of the sound scattering properties of several marine organisms. Deep Sea Research, 2, 
71–79.

Smith, S.I. (1882) Reports on the results of dredging under the supervision of Alexander Agassiz, on the east coast of the 
United States during the summer of 1880, by the U.S. Coast Survey Steamer "Blake", Commander J.R. Bartlett, U.S.N., 
commanding. Bulletin of the Museum of Comparative Zoology, 10, 1–108.
JUDKINS344  ·  Zootaxa 3895 (3)  © 2014 Magnolia Press

http://dx.doi.org/10.1007/bf02347637
http://dx.doi.org/10.1007/bf02347637
http://dx.doi.org/10
http://dx.doi.org/10
http://dx.doi.org/10.4319/lo.19
http://dx.doi.org/10.4319/lo.19
http://dx.doi.org/10.1093
http://dx.doi.org/10.1016/j.pocean.2006.03.012
http://dx.doi.org/10.1016/j.pocean.2006.03.012
http://dx.doi.org/10.1139/f69-205
http://dx.doi.org/10.1139/f69-205
http://dx.doi.org/10.5962/bhl.title.8992


Smith, S.I. (1884) Report on the decapod Crustacea of the Albatross dredgings off the East coast of the United States in 1883. 
Reports of the United States Fisheries Commission, 10, 345–426.

Smith, S.I. (1885) On some new or little known decapod Crustacea, from recent Fish Commission dredgings off the east coast 
of the United States. Proceedings of the United States National Museum, 7, 493–511. 
http://dx.doi.org/10.5479/si.00963801.455.493 

Smith, S.I. (1886) Report on the decapod Crustacea of the Albatross dredgings off the East coast of the United States during the 
summer and autumn of 1884. Report of the Commissioner for 1885, United States Commission of Fish and Fisheries, 13, 
605–705.

Spence Bate, C. (1881) On the Penaeidae. The Annals and Magazine of Natural History, Series 5, 8, 169–196.
Spence Bate, C. (1888) Report on the Crustacea Macrura collected by the Challenger during the years 1873–76. Report on the 

Scientific Results of the Voyage of H.M.S. ”Challenger” during the years 1873–76, 24, 1–942.
Stebbing, T.R.R. (1914) Stalk-eyed Crustacea Malacostraca of the Scottish National Antarctic Expedition. Transactions of the 

Royal Society of Edinburgh, 50, 253–307. 
http://dx.doi.org/10.1017/s008045680003595x

Stephensen, K. (1923) Decapoda-Macrura excl. Sergestidae. (Penæidæ, Pasiphæidae, Hoplophoridae, Nematocarcinidæ, 
Scyllaridæ, Eryonidæ, Nephropsidæ, Appendix). Report on the Danish Oceanographical Expeditions 1908–1910 to the 

Mediterranean and adjacent Seas, 2 (Biology), 1–85.
Stimpson, W. (1860) Prodromus descriptionis animalium evertebratorum, quae in Expeditione ad Oceanum Pacificum 

Septentrionalem, a Republic Federata missa, Cadwaladore Ringgold et Johanne Rodgers Ducibus, observavit et descripsit. 
Pars VIII, Crustacea Macrura. Proceedings of the Academy of Natural Sciences of Philadelphia, 1860, 22–47.  
http://dx.doi.org/10.5962/bhl.title.51447

Sund, O. (1913) The Glass Shrimps (Pasiphaea) in Northern Waters. Bergens Museums Aarbok, 6, 1–17.
The Ring Group (1981) Gulf Stream cold-core rings: their physics, chemistry and biology. Science, 212, 1091–1100. 

http://dx.doi.org/10.1126/science.212.4499.1091
Torgersen, T, Kaartvedt, S., Melle, W. & Knutsen, T. (1997) Large scale distribution of acoustical scattering layers at the 

Norwegian continental shelf and eastern Norwegian Sea. Sarsia, 82, 87–96.
Townsend, D.W., Thomas, A.C., Mayer, L.M., Thomas, M.A. & Quinlan, J.A. (2006) Oceanography of the northeast Atlantic 

continental shelf. In: Robinson, A.R. & Brink, K.H. (Eds.), The Sea. Volume 14A. The Global Coastal Ocean. Harvard 
University Press, Cambridge, pp. 119–158.

Vereshchaka, A.L. (1994) North Atlantic and Caribbean species of Sergia (Crustacea, Decapoda, Sergestidae) and their 
horizontal and vertical distribution. Steenstrupia, 20, 73–95.

Vereshchaka, A.L. (2000) Revision of the genus Sergia (Decapoda: Dendrobranchiata: Sergestidae): taxonomy and 
distribution. Galathea Report, 18, 69–207.

Vereshchaka, A.L. (2009) Revision of the genus Sergestes (Decapoda: Dendrobranchiata: Sergestidae): taxonomy and 
distribution. Galathea Report, 22, 7–104.

Verstraete, J.-M. (1992) The seasonal upwellings in the Gulf of Guinea. Progress in Oceanography, 29, 1–60. 
http://dx.doi.org/10.1016/0079-6611(92)90002-h

Vestheim, H. & Kaartvedt, S. (2009) Vertical migration, feeding and colouration in the mesopelagic shrimp Sergestes arcticus. 
Journal of Plankton Research, 31, 1427–1435. 
http://dx.doi.org/10.1093/plankt/fbp077

Walters, J.F. (1976) Ecology of Hawaiian sergestid shrimps (Penaeidea: Sergestidae). Fishery Bulletin, 74, 799–836.
Wood-Mason, J. (1892) Illustrations of the Zoology of H.M. Indian marine surveying steamer Investigator under the command 

of Commander A. Carpenter, R.N., D.S.O., and of Commander R.F. Hoskyn, R.N. Part 1. Crustaceans. Printed and sold by 
the Superintendent of Government Printing, Calcutta, plates 1–5.  
http://dx.doi.org/10.5962/bhl.title.64230

Wood-Mason, J. & Alcock, A. (1891) Natural history notes from H.M. Indian marine survey steamer 'Investigator', 
Commander R.F. Hoskyn, R.N., commanding. No. 21. Note on the results of the last season's deep-sea dredging. Annals 

and Magazine of Natural History, Series 6, 7, 186–202 . 
http://dx.doi.org/10.1080/00222939109460596

Wooster, W.S., Bakun, A. & McLain, D.R. (1976) The seasonal upwelling cycle along the eastern boundary of the North 
Atlantic. Journal of Marine Research, 34 (2), 131–141. 

Yamamura, O. & Inada, T. (2001) Importance of micronekton as food of demersal fish assemblages. Bulletin of Marine 

Science, 68, 13–25.
 Zootaxa 3895 (3)  © 2014 Magnolia Press  ·  345ATLANTIC PELAGIC DECAPOD SHRIMP

http://dx.doi.org/10.5479/si.00963801.455.493
http://dx.doi.org/10.5479/si.00963801.455.493
http://dx.doi.org/10.1017/s008045680003595x
http://dx.doi.org/10.1017/s008045680003595x
http://dx.doi.org/10.5962/bhl.title.51447
http://dx.doi.org/10.5962/bhl.title.51447
http://dx.doi.org/10.1126/science.212.4499.1091
http://dx.doi.org/10.1126/science.212.4499.1091
http://dx.doi.org/10.1016/0079-6611(92)90002-h
http://dx.doi.org/10.1016/0079-6611(92)90002-h
http://dx.doi.org/10.1093/plankt/fbp077
http://dx.doi.org/10.1093/plankt/fbp077
http://dx.doi.org/10.5962/bhl.title.64230
http://dx.doi.org/10.5962/bhl.title.64230
http://dx.doi.org/10.5962/bhl.title.64230
http://dx.doi.org/10.1080/00222939109460596
http://dx.doi.org/10.1080/00222939109460596

	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




