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  Abstract
  The jumbo or Humboldt squid, Dosidicus gigas, is an important fisheries resource and a significant participant in regional ecologies as both predator and prey. It is the largest species in the oceanic squid family Ommastrephidae and has the largest known potential fecundity of any cephalopod, yet little is understood about its reproductive biology. We report the first discovery of a naturally deposited egg mass of Dosidicus gigas, as well as the first spawning of eggs in captivity. The egg mass was found in warm water (25–27°C) at a depth of 16 m and was far larger than the egg masses of any squid species previously reported. Eggs were embedded in a watery, gelatinous matrix and were individually surrounded by a unique envelope external to the chorion. This envelope was present in both wild and captive-spawned egg masses, but it was not present in artificially fertilized eggs. The wild egg mass appeared to be resistant to microbial infection, unlike the incomplete and damaged egg masses spawned in captivity, suggesting that the intact egg mass protects the eggs within. Chorion expansion was also more extensive in the wild egg mass. Hatchling behaviours included proboscis extension, chromatophore activity, and a range of swimming speeds that may allow them to exercise some control over their distribution in the wild.


 


   
  Keywords
 Humboldt squidjumbo squidDosidicus gigasommastrephidegg massrhynchoteuthion paralarvae
 

  
	
Type

	Research Article


 	
Information

	Journal of the Marine Biological Association of the United Kingdom
  
,
Volume 88
  
,
Issue 4
  , August 2008  , pp. 759 - 770 
 DOI: https://doi.org/10.1017/S0025315408001422
 [Opens in a new window]
 
  


   	
Copyright

	
Copyright © Marine Biological Association of the United Kingdom 2008




 Access options
 Get access to the full version of this content by using one of the access options below. (Log in options will check for institutional or personal access. Content may require purchase if you do not have access.)  


    
 References
 
REFERENCES

 
 

 


 
 

 Abitía-Cárdenas, L., Muhlia-Melo, A., Cruz-Escalona, V. and Galván-Magaña, F. (2002) Trophic dynamics and seasonal energetics of striped marlin Tetrapturus audax in the southern Gulf of California, Mexico. Fisheries Research 57, 287–295.CrossRefGoogle Scholar


 
 

 Arnold, J.M. and O'Dor, R.K. (1990) In vitro fertilization and embryonic development of oceanic squid. Journal of Cephalopod Biology 1, 21–36.Google Scholar


 
 

 Atkinson, B. (1973) Squid nidamental gland extract: isolation of a factor inhibiting ciliary activity. Journal of Experimental Zoology 184, 335–340.CrossRefGoogle ScholarPubMed


 
 

 Balch, N., O'Dor, R.K. and Helm, P. (1985) Laboratory rearing of rhynchoteuthions of the ommastrephid squid Illex illecebrosus (Mollusca: Cephalopoda). Vie et Milieu 35, 243–246.Google Scholar


 
 

 Bazzino, G., Salinas-Zavala, C. and Markaida, U. (2007) Variability in the population structure of jumbo squid (Dosidicus gigas) in Santa Rosalía, central Gulf of California. Ciencias Marinas 33, 173–186.CrossRefGoogle Scholar


 
 

 Biggs, J. and Epel, D. (1991) Egg capsule sheath of Loligo opalescens Berry: structure and association with bacteria. Journal of Experimental Zoology 259, 263–267.CrossRefGoogle Scholar


 
 

 Boletzky, S.V. (1994) Embryonic development of cephalopods at low temperatures. Antarctic Science 6, 139–142.CrossRefGoogle Scholar


 
 

 Boletzky, S.V. (2003) Biology of early life stages in cephalopod molluscs. Advances in Marine Biology 44, 143–293.CrossRefGoogle Scholar


 
 

 Bower, J.R. and Sakurai, Y. (1996) Laboratory observations on Todarodes pacificus (Cephalopoda: Ommastrephidae) egg masses. American Malacological Bulletin 13, 65–71.Google Scholar


 
 

 Boyle, P.R. (1991) The UFAW Handbook on the care and management of cephalopods in the laboratory. Potters Bar, UKUniversities Federation for Animal Welfare, 64 p.Google Scholar


 
 

 Brunetti, N.E. (1990) Description of rhynchoteuthion larvae of Illex argentinus from the summer spawning subpopulation. Journal of Plankton Research 12, 1045–1057.CrossRefGoogle Scholar


 
 

 Chen, D.S., Dykhuizen, G.V., Hodge, J. and Gilly, W.F. (1996) Ontogeny of copepod predation in juvenile squid (Loligo opalescens). Biological Bulletin. Marine Biological Laboratory, Woods Hole 190, 69–71.CrossRefGoogle ScholarPubMed


 
 

 Clarke, M.R. (1966) A review of the systematics and ecology of oceanic squids. Advances in Marine Biology 4, 91–300.CrossRefGoogle Scholar


 
 

 Cosgrove, J.A. (2005) The first specimens of Humboldt squid in British Columbia. PICES Press 13, 30–31.Google Scholar


 
 

 Durward, R.D., Vessey, E., O'Dor, R.K. and Amaratunga, T. (1980) Reproduction in the squid, Illex illecebrosus: first observations in captivity and implications for the life cycle. International Commission for the Northwest Atlantic Fisheries Selected Papers 6, 7–13.Google Scholar


 
 

 Field, J.C., Baltz, K., Phillips, A.J. and Walker, W.A. (2007) Range expansion and trophic interactions of the jumbo squid, Dosidicus gigas, in the California Current. CalCOFI Reports 48, 131–144.Google Scholar


 
 

 Gilbert, D.L., Adelman, W.J. and Arnold, J.M. (eds) (1990) Squid as experimental animals. New York: Plenum Press, 516 pp.CrossRefGoogle Scholar


 
 

 Gilly, W.F., Elliger, C.A., Salinas-Zavala, C.A., Camarillo-Coop, S., Bazzino, G. and Beman, M. (2006a) Spawning by jumbo squid Dosidicus gigas in the San Pedro Mártir Basin, Gulf of California, Mexico. Marine Ecology Progress Series 313, 125–133.CrossRefGoogle Scholar


 
 

 Gilly, W.F. and Markaida, U. (2007) Perspectives on Dosidicus gigas in a changing world. In Olson, R.W. and Young, J. (eds) GLOBEC Report: The ecological role of squids in pelagic ecosystems, CLIOTOP workshop, 16–17 November, 2006, Honolulu, HI, pp. 81–90.Google Scholar


 
 

 Gilly, W.F., Markaida, U., Baxter, C.H., Block, B.A., Boustany, A., Zeidberg, L., Reisenbichler, K., Robison, B., Bazzino, G. and Salinas-Zavala, C. (2006b) Vertical and horizontal migrations by the jumbo squid Dosidicus gigas revealed by electronic tagging. Marine Ecology Progress Series 324, 1–17.CrossRefGoogle Scholar


 
 

 Guerra, A. and Rocha, F. (1997) On a floating egg mass of the diamond shaped squid Thysanoteuthis rhombus (Cephalopoda: Thysanoteuthidae) in the western Mediterranean. Iberus 15, 125–130.Google Scholar


 
 

 Guerra, A., González, A.F., Rocha, F.J., Sagarminaga, R. and Cañadas, A. (2002) Planktonic egg masses of the diamond-shaped squid Thysanoteuthis rhombus in the eastern Atlantic and the Mediterranean Sea. Journal of Plankton Research 24, 333–338.CrossRefGoogle Scholar


 
 

 Haddock, S.H.D. and Heine, J.N. (2005) Scientific blue-water diving. La Jolla: California Sea Grant, 49 pp.Google Scholar


 
 

 Harman, R.F., Young, R.E., Mangold, K.M., Suzuki, T. and Hixon, R.F. (1989) Evidence of multiple spawning in the tropical oceanic squid Sthenoteuthis oualaniensis (Teuthoidea: Ommastrephidae). Marine Biology 101, 513–519.CrossRefGoogle Scholar


 
 

 Hurley, A.C. (1976) Feeding behavior, food consumption, growth, and respiration of the squid Loligo opalescens raised in the laboratory. Fishery Bulletin 74, 176–l82.Google Scholar


 
 

 Ikeda, Y., Sakurai, Y. and Shimazaki, K. (1993a) Maturation process of the Japanese common squid Todarodes pacificus in captivity. In Okutani, T., O'Dor, R.K. and Kubodera, T. (eds) Recent advances in cephalopod fisheries biology. Tokyo: Tokai University Press, pp. 179–187.Google Scholar


 
 

 Ikeda, Y., Sakurai, Y. and Shimazaki, K. (1993b) Fertilizing capacity of squid (Todarodes pacificus) spermatozoa collected from various sperm storage sites, with special reference to the role of gelatinous substance from oviducal gland in fertilization and embryonic development. Invertebrate Reproduction and Development 23, 39–44.CrossRefGoogle Scholar


 
 

 Klimley, A.P., Caberera-Mancilla, I. and Castillo-Geniz, J.L. (1993) Horizontal and vertical movements of the scalloped hammerhead shark, Sphyrna lewini, in the southern Gulf of California, Mexico. Ciencias Marinas 19, 95–115.CrossRefGoogle Scholar


 
 

 Laptikhovsky, V.V. (1991) Mathematical model for the study of duration of embryogenesis in cephalopods. Biologicheskiye Nauki 3, 37–48 [In Russian, English summary.]Google Scholar


 
 

 Laptikhovsky, V.V. (1999) Improved mathematical model to study the duration of embryogenesis in cephalopod molluscs. Ruthenica 9, 141–146.Google Scholar


 
 

 Laptikhovsky, V.V. and Murzov, S.A. (1990) A catch of the epipelagic egg mass of the squid Stenoteuthis pteropus in Eastern Tropical Atlantic. Biologiya Morya 3, 62–63 [In Russian, English summary.]Google Scholar


 
 

 Laptikhovsky, V.V. and Nigmatullin, C.M. (1993) Egg size, fecundity, and spawning in females of the genus Illex (Cephalopoda: Ommastrephidae). ICES Journal of Marine Science 50, 393–403.CrossRefGoogle Scholar


 
 

 Lipiński, M.R. and Underhill, L.G. (1995) Sexual maturation in squid: quantum or continuum? South African Journal of Marine Science 15, 207–223.CrossRefGoogle Scholar


 
 

 Markaida, U. and Sosa-Nishizaki, O. (2003) Food and feeding habits of jumbo squid Dosidicus gigas (Cephalopoda: Ommastrephidae) from the Gulf of California, Mexico. Journal of the Marine Biological Association of the UK 83, 507–522.CrossRefGoogle Scholar


 
 

 Miyahara, K., Fukui, K., Ota, T. and Minami, T. (2006) Laboratory observations on the early life stages of the diamond squid Thysanoteuthis rhombus. Journal of Molluscan Studies 72, 199–205.CrossRefGoogle Scholar


 
 

 Miyanaga, S. and Sakurai, Y. (2006) Effect of temperature on the swimming behavior of Japanese common squid (Todarodes pacificus) paralarvae. In Proceedings of the Cephalopod International Advisory Council Symposium 2006, Cephalopod Life Cycles, 6–10 February 2006, Hotel Grand Chancellor, Hobart, Tasmania, p. 89.Google Scholar


 
 

 Moltschaniwskyj, N.A., Hall, K., Lipinski, M., Marian, J.E.A.R., Nishiguchi, M., Sakai, M., Shulman, D.J., Sinclair, B., Sinn, D.L., Staudinger, M., Van Gelderen, R., Villanueva, R. and Warnke, K. (2007) Ethical considerations when using cephalopods as experimental animals. Reviews in Fish Biology and Fisheries 17, 455–476.CrossRefGoogle Scholar


 
 

 Nigmatullin, C.M. and Arkhipkin, A.I. (1998) A review of the biology of the diamondback squid, Thysanoteuthis rhombus (Oegopsida: Thysanoteuthidae). In Okutani, T. (ed.) Large pelagic squids. Tokyo: Japan Marine Fishery Resource Research Center, p. 155–181.Google Scholar


 
 

 Nigmatullin, C.M. and Laptikhovsky, V.V. (1994) Reproductive strategies in the squids of the family Ommastrephidae (preliminary report). Ruthenica 4, 79–82.Google Scholar


 
 

 Nigmatullin, C.M. and Markaida, U. (2002) Oocyte development, egg size, and fecundity of the large size females of jumbo squid Dosidicus gigas. Second International Symposium on Pacific Squid (November 25–29, 2002), La Paz, Baja California Sur, Mexico. Abstracts book, IPN–CICIMAR, La Paz, p. 9.Google Scholar


 
 

 Nigmatullin, C.M., Arkhipkin, A.I. and Sabirov, R.M. (1995) Age, growth and reproductive biology of diamond-shaped squid Thysanoteuthis rhombus (Oegopsida: Thysanoteuthidae). Marine Ecology Progress Series 124, 73–87.CrossRefGoogle Scholar


 
 

 Nigmatullin, C.M., Laptikhovsky, V.V., Mokrin, N., Sabirov, R. and Markaida, U. (1999) On life history traits of the jumbo squid Dosidicus gigas. In Tresierra Aguilar, A.E. and Culquichicon, Z.G. (eds) VIII Congreso Latinoamericano sobre Ciencias del Mar (COLACMAR), Trujillo, Peru, 17–21 October 1999. Libro de Resúmenes Ampliados, Tomo I, p. 291.Google Scholar


 
 

 Nigmatullin, C.M., Nesis, K.N. and Arkhipkin, A.I. (2001) A review of the biology of the jumbo squid Dosidicus gigas (Cephalopoda: Ommastrephidae). Fisheries Research 54, 9–19.CrossRefGoogle Scholar


 
 

 O'Dor, R.K. and Balch, N. (1985) Properties of Illex illecebrosus egg masses potentially influencing larval oceanographic distribution. Northwest Atlantic Fisheries Organization Scientific Council Studies 9, 69–76.Google Scholar


 
 

 O'Dor, R.K., Balch, N. and Amaratunga, T. (1982a) Laboratory observations of midwater spawning by Illex illecebrosus. Northwest Atlantic Fisheries Organization Scientific Council Studies 6, 5–8.Google Scholar


 
 

 O'Dor, R.K., Balch, N., Foy, E.A., Hirtle, R.W.M., Johnston, D.A. and Amaratunga, T. (1982b) Embryonic development of the squid, Illex illecebrosus, and effect of temperature on developmental rates. Journal of Northwest Atlantic Fisheries Science 3, 41–45.CrossRefGoogle Scholar


 
 

 O'Dor, R.K., Helm, P. and Balch, N. (1985) Can rhynchoteuthions suspension feed? (Mollusca: Cephalopoda). Vie et Milieu 35, 267–271.Google Scholar


 
 

 O'Shea, S., Bolstad, K.S. and Ritchie, P.A. (2004) First records of egg masses of Nototodarus gouldi McCoy, 1888 (Mollusca: Cephalopoda: Ommastrephidae), with comments on egg-mass susceptibility to damage by fisheries trawl. New Zealand Journal of Zoology 31, 161–166.CrossRefGoogle Scholar


 
 

 Piatkowski, U., Welsch, W. and Röpke, A. (1993) Distribution patterns of the early life stages of pelagic cephalopods in three geographically different regions of the Arabian Sea. In Okutani, T., O'Dor, R.K. and Kubodera, T. (eds) Recent advances in cephalopod fisheries biology. Tokyo: Tokai University Press, pp. 179–187.Google Scholar


 
 

 Preuss, T., Lebaric, Z.N. and Gilly, W.F. (1997) Post-hatching development of circular mantle muscles in the squid Loligo opalescens. Biological Bulletin. Marine Biological Laboratory, Woods Hole 192, 375–387.CrossRefGoogle ScholarPubMed


 
 

 Rocha, F., Guerra, A. and González, A.F. (2001) A review of reproductive strategies in cephalopods. Biological Reviews 76, 291–304.CrossRefGoogle ScholarPubMed


 
 

 Rosas-Aloya, J., Hernández-Herrera, A., Galván-Magaña, F., Abitía-Cárdenas, L. and Muhlia-Melo, A. (2002) Diet composition of sailfish (Istiophorus platypterus) from the southern Gulf of California, Mexico. Fisheries Research 57, 185–195.CrossRefGoogle Scholar


 
 

 Ruiz-Cooley, R.I., Gendron, D., Aguíñiga, S., Mesnick, S. and Carriquiry, J.D. (2004) Trophic relationships between sperm whales and jumbo squid using stable isotopes of C and N. Marine Ecology Progress Series 277, 275–283.CrossRefGoogle Scholar


 
 

 Sabirov, R.M., Arkhipkin, A.I., Tsygankov, V.Y. and Schetinnikov, A.S. (1987) Egg laying and embryonal development of diamond-shaped squid, Thysanoteuthis rhombus (Oegopsida. Thysanoteuthidae). Zoologicheskii Zhurnal 66, 1155–1163.Google Scholar


 
 

 Sakurai, Y. and Ikeda, Y. (1994) Laboratory rearing methods of Todarodes pacificus for the ecological study of life cycle. Report of 1992 Annual Meeting on Resources and Fisheries of Squids. National Institute for Far Sea Research, pp. 51–69. [In Japanese, with English title and abstract.]Google Scholar


 
 

 Sakurai, Y., Young, R.E., Hirota, J. and Mangold, K. (1995) Artificial fertilization and development through hatching in the oceanic squids Ommastrephes bartramii and Sthenoteuthis oulaniensis (Cephalopod: Ommastrephidae). Veliger 38, 185–191.Google Scholar


 
 

 Seibel, B.A. (2007) On the depth and scale of metabolic rate variation: scaling of oxygen consumption and enzymatic activity in the Class Cephalopoda (Mollusca). Journal of Experimental Biology 210, 1–11.CrossRefGoogle ScholarPubMed


 
 

 Seibel, B.A., Hochberg, F.G. and Carlini, D.B. (2000) Life history of Gonatus onyx (Cephalopoda: Teuthoidea): deep-sea spawning and post-spawning egg care. Marine Biology 137, 519–526.CrossRefGoogle Scholar


 
 

 Shea, E.K. (2005) Ontogeny of the fused tentacles in three species of ommastrephid squids (Cephalopoda, Ommastrephidae). Invertebrate Biology 124, 25–38.CrossRefGoogle Scholar


 
 

 Shigeno, S., Kidokoro, H., Goto, T., Tsuchiya, K. and Segawa, S. (2001) Early ontogeny of the Japanese common squid Todarodes pacificus (Cephalopoda, Ommastrephidae) with special reference to its characteristic morphology and ecological significance. Zoological Science 18, 1011–1026.CrossRefGoogle Scholar


 
 

 Strathmann, R.R. and Strathmann, M.F. (1995) Oxygen supply and limits on aggregation of embryos. Journal of the Marine Biological Association of the UK 75, 413–428.CrossRefGoogle Scholar


 
 

 Vidal, E.A.G. and Haimovici, M. (1998) Feeding and the possible role of the proboscis and mucus cover in the ingestion of microorganisms by rhynchoteuthion paralarvae (Cephalopod: Ommastrephidae). Bulletin of Marine Science 63, 305–316.Google Scholar


 
 

 Vecchione, M. (1999) Extraordinary abundance of squid paralarvae in the tropical eastern Pacific Ocean during El Niño of 1987. Fishery Bulletin 97, 1025–1030.Google Scholar


 
 

 Watanabe, K., Sakurai, Y., Segawa, S. and Okutani, T. (1996) Development of the ommastrephid squid Todarodes pacificus, from fertilized egg through to rhynchoteuthion paralarva. American Malacological Bulletin 13, 73–88.Google Scholar


 
 

 Watanabe, K., Ando, K., Tsuchiya, K. and Segawa, S. (1998) Late embryos and paralarvae of diamondback squid Thysanoteuthis rhombus Troschel, 1857. Venus, 57, 291–301.Google Scholar


 
 

 Wing, B.L. (2006) Unusual invertebrates and fish observed in the Gulf of Alaska, 2004–2005. PICES Press 14, 26–28.Google Scholar


 
 

 Yatsu, A., Tafur, R. and Maravi, C. (1999) Embryos and rhynchoteuthion paralarvae of the jumbo flying squid Dosidicus gigas (Cephalopoda) obtained through artificial fertilization from Peruvian waters. Fisheries Science 65, 904.CrossRefGoogle Scholar


 
 

 Young, R.E., Harman, R.F. and Mangold, K.M. (1985a) The common occurrence of oegopsid squid eggs in near-surface oceanic waters. Pacific Science 39, 359–366.Google Scholar


 
 

 Young, R.E., Harman, R.F. and Mangold, K.M. (1985b) The eggs and larvae of Brachioteuthis sp. (Cephalopoda: Teuthoidea) from Hawaiian waters. Vie et Milieu 35, 203–209.Google Scholar


 
 

 Zeidberg, L.D. and Robison, B.H. (2007) Invasive range expansion by the Humboldt squid, Dosidicus gigas, in the eastern North Pacific. Proceedings of the National Academy of Sciences 104, 12948–12950.CrossRefGoogle ScholarPubMed




 

    
A correction has been issued for this article:

 Natural egg mass deposition by the Humboldt squid (Dosidicus gigas) in the Gulf of California and characteristics of hatchlings and paralarvae – ERRATUM
 
 Danna J. Staaf
 , Susana Camarillo-Coop
 , Steven H.D. Haddock
 , Al C. Nyack
 , John Payne
 , Cesar A. Salinas-Zavala
 , Brad A. Seibel
 , Lloyd Trueblood
 , Chad Widmer
  and William F. Gilly
  
 Journal of the Marine Biological Association of the United Kingdom
 , Volume 97
 , Issue 2
 




       



 
  	71
	Cited by


 

  Linked content
  
Please note a

correction

has been issued for this article.

     

 




 Cited by

 
 Loading...


    


 













Cited by





	



71




	


















Crossref Citations










This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Nigmatullin, Chingis M.
and
Markaida, Unai
2009.
Oocyte development, fecundity and spawning strategy of large sized jumbo squid Dosidicus gigas (Oegopsida: Ommastrephinae).
Journal of the Marine Biological Association of the United Kingdom,
Vol. 89,
Issue. 4,
p.
789.


	CrossRef
	Google Scholar






Bazzino, Gastón
Gilly, William F.
Markaida, Unai
Salinas-Zavala, César A.
and
Ramos-Castillejos, Jorge
2010.
Horizontal movements, vertical-habitat utilization and diet of the jumbo squid (Dosidicus gigas) in the Pacific Ocean off Baja California Sur, Mexico.
Progress in Oceanography,
Vol. 86,
Issue. 1-2,
p.
59.


	CrossRef
	Google Scholar






Ramos‐Castillejos, Jorge E.
Salinas‐Zavala, César A.
Camarillo‐Coop, Susana
and
Enríquez‐Paredes, Luis M.
2010.
Paralarvae of the jumbo squid, Dosidicus gigas.
Invertebrate Biology,
Vol. 129,
Issue. 2,
p.
172.


	CrossRef
	Google Scholar






Camarillo-Coop, Susana
Salinas-Zavala, César A.
Manzano-Sarabia, Marlenne
and
Aragón-Noriega, Eugenio Alberto
2011.
Presence of Dosidicus gigas paralarvae (Cephalopoda: Ommastrephidae) in the central Gulf of California, Mexico related to oceanographic conditions.
Journal of the Marine Biological Association of the United Kingdom,
Vol. 91,
Issue. 4,
p.
807.


	CrossRef
	Google Scholar






Ibáñez, CM
Cubillos, LA
Tafur, R
Argüelles, J
Yamashiro, C
and
Poulin, E
2011.
Genetic diversity and demographic history of Dosidicus gigas (Cephalopoda: Ommastrephidae) in the Humboldt Current System.
Marine Ecology Progress Series,
Vol. 431,
Issue. ,
p.
163.


	CrossRef
	Google Scholar






SAKAI, Mitsuo
BRUNETTI, Norma E.
IVANOVIC, Marcela L.
ELENA, Beatriz
and
SAKURAI, Yasunori
2011.
Useful Techniques for Artificial Fertilization of the Ommastrephid Squid Illex argentinus.
Japan Agricultural Research Quarterly: JARQ,
Vol. 45,
Issue. 3,
p.
301.


	CrossRef
	Google Scholar






Villanueva, Roger
Quintana, Daniel
Petroni, Giuliano
and
Bozzano, Anna
2011.
Factors influencing the embryonic development and hatchling size of the oceanic squid Illex coindetii following in vitro fertilization.
Journal of Experimental Marine Biology and Ecology,
Vol. 407,
Issue. 1,
p.
54.


	CrossRef
	Google Scholar






Staaf, DJ
Zeidberg, LD
and
Gilly, WF
2011.
Effects of temperature on embryonic development of the Humboldt squid Dosidicus gigas.
Marine Ecology Progress Series,
Vol. 441,
Issue. ,
p.
165.


	CrossRef
	Google Scholar






Packard, Andrew
2011.
Squids old and young: Scale-free design for a simple billboard.
Optics & Laser Technology,
Vol. 43,
Issue. 2,
p.
302.


	CrossRef
	Google Scholar






Zeidberg, Louis D.
Butler, John L.
Ramon, Darlene
Cossio, Anthony
Stierhoff, Kevin L.
and
Henry, Annette
2012.
Estimation of spawning habitats of market squid (Doryteuthis opalescens) from field surveys of eggs off Central and Southern California.
Marine Ecology,
Vol. 33,
Issue. 3,
p.
326.


	CrossRef
	Google Scholar






Morales-BojÛrquez, E
Hern·ndez-Herrera, A
Nev·rez-MartÌnez, MO
and
DÌaz-Uribe, JG
2012.
Population size of the jumbo squid Dosidicus gigas in the central Gulf of California, Mexico, based on mark-recapture data.
Aquatic Biology,
Vol. 15,
Issue. 1,
p.
27.


	CrossRef
	Google Scholar






CRESPI‐ABRIL, AUGUSTO C.
and
BARÓN, PEDRO J.
2012.
Revision of the population structuring of Illex argentinus (Castellanos, 1960) and a new interpretation based on modelling the spatio‐temporal environmental suitability for spawning and nursery.
Fisheries Oceanography,
Vol. 21,
Issue. 2-3,
p.
199.


	CrossRef
	Google Scholar






Bush, Stephanie L.
Hoving, Hendrik J. T.
Huffard, Christine L.
Robison, Bruce H.
and
Zeidberg, Louis D.
2012.
Brooding and sperm storage by the deep-sea squid Bathyteuthis berryi (Cephalopoda: Decapodiformes).
Journal of the Marine Biological Association of the United Kingdom,
Vol. 92,
Issue. 7,
p.
1629.


	CrossRef
	Google Scholar






Villanueva, Roger
Staaf, Danna J.
Argüelles, Juan
Bozzano, Anna
Camarillo-Coop, Susana
Nigmatullin, Chingis M.
Petroni, Giuliano
Quintana, Daniel
Sakai, Mitsuo
Sakurai, Yasunori
Salinas-Zavala, César A.
De Silva-Dávila, Roxana
Tafur, Ricardo
Yamashiro, Carmen
and
Vidal, Erica A.G.
2012.
A laboratory guide to in vitro fertilization of oceanic squids.
Aquaculture,
Vol. 342-343,
Issue. ,
p.
125.


	CrossRef
	Google Scholar






Pardo, MA
Silverberg, N
Gendron, D
Beier, E
and
Palacios, DM
2013.
Role of environmental seasonality in the turnover of a cetacean community in the southwestern Gulf of California.
Marine Ecology Progress Series,
Vol. 487,
Issue. ,
p.
245.


	CrossRef
	Google Scholar






Chen, Xinjun
Li, Jianhua
Liu, Bilin
Chen, Yong
Li, Gang
Fang, Zhou
and
Tian, Siquan
2013.
Age, growth and population structure of jumbo flying squid, Dosidicus gigas, off the Costa Rica Dome.
Journal of the Marine Biological Association of the United Kingdom,
Vol. 93,
Issue. 2,
p.
567.


	CrossRef
	Google Scholar






Roper, Clyde F. E.
and
Shea, Elizabeth K.
2013.
Unanswered Questions About the Giant SquidArchiteuthis(Architeuthidae) Illustrate Our Incomplete Knowledge of Coleoid Cephalopods*.
American Malacological Bulletin,
Vol. 31,
Issue. 1,
p.
109.


	CrossRef
	Google Scholar






Liu, Bilin
Chen, Xinjun
Chen, Yong
Tian, Siquan
Li, Jianhua
Fang, Zhou
and
Yang, Mingxia
2013.
Age, maturation, and population structure of the Humboldt squid Dosidicus gigas off the Peruvian Exclusive Economic Zones.
Chinese Journal of Oceanology and Limnology,
Vol. 31,
Issue. 1,
p.
81.


	CrossRef
	Google Scholar






Huffard, Christine L.
2013.
Cephalopod neurobiology: an introduction for biologists working in other model systems.
Invertebrate Neuroscience,
Vol. 13,
Issue. 1,
p.
11.


	CrossRef
	Google Scholar






O’Dor, R.K.
2013.
How squid swim and fly.
Canadian Journal of Zoology,
Vol. 91,
Issue. 6,
p.
413.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference




Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	









	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Natural egg mass deposition by the Humboldt squid (Dosidicus gigas) in the Gulf of California and characteristics of hatchlings and paralarvae








	Volume 88, Issue 4
	
Danna J. Staaf (a1), Susana Camarillo-Coop (a2), Steven H.D. Haddock (a3), Al C. Nyack (a4), John Payne (a5), Cesar A. Salinas-Zavala (a2), Brad A. Seibel (a4), Lloyd Trueblood (a4), Chad Widmer (a6) and William F. Gilly (a1)

	DOI: https://doi.org/10.1017/S0025315408001422





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Natural egg mass deposition by the Humboldt squid (Dosidicus gigas) in the Gulf of California and characteristics of hatchlings and paralarvae








	Volume 88, Issue 4
	
Danna J. Staaf (a1), Susana Camarillo-Coop (a2), Steven H.D. Haddock (a3), Al C. Nyack (a4), John Payne (a5), Cesar A. Salinas-Zavala (a2), Brad A. Seibel (a4), Lloyd Trueblood (a4), Chad Widmer (a6) and William F. Gilly (a1)

	DOI: https://doi.org/10.1017/S0025315408001422





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Natural egg mass deposition by the Humboldt squid (Dosidicus gigas) in the Gulf of California and characteristics of hatchlings and paralarvae








	Volume 88, Issue 4
	
Danna J. Staaf (a1), Susana Camarillo-Coop (a2), Steven H.D. Haddock (a3), Al C. Nyack (a4), John Payne (a5), Cesar A. Salinas-Zavala (a2), Brad A. Seibel (a4), Lloyd Trueblood (a4), Chad Widmer (a6) and William F. Gilly (a1)

	DOI: https://doi.org/10.1017/S0025315408001422





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















