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Hotspots of benthic production below their maximum reported depth, and 
probably use the habitat and its resident 
fauna at much greater depths in the 
canyon. SIR - Topographical features that accu

mulate organic debris, such as submarine 
canyons, are common along many coasts 
and can support hotspots of secondary 
production. The floor of the La Jolla sub
marine canyon (32° 52' N, 117° 15' W) is 
covered by a persistent mat of surfgrass 
and kelp detritus from a depth of 15 m to 
at least 300 m. The detritus is inhabited 
by a dense assemblage of amphipod 
( Orchomene limodes, Aoroides spina sus) 
and leptostracan (Nebalia spp.) 
crustaceans which at times 
achieve densities of more than 
3 million individuals and bio- 3.0 

mass exceeding 1 kg (dry 'b 
weight) per square metre. In ~ 
monthly samples collected ~ 2 .0 
from March 1992 to March E. 
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present study (both were for bivalves). 
Although enormous, the secondary 

production in the La Jolla canyon is local
ized, in contrast with the ampeliscid 
amphipods of the northern Bering Sea, 
which have much lower productivity per 
unit area (30--40 g dry wt m-2 yr-1

); but 
that estimate applies to an area of 
2.2 x 104 to 3.75 x 104 km2 (ref. 2), a 
scale that may be unsurpassed anywhere 
in the world. During this study more than 

These results raise the question of the 
general importance of such localized food 
hotspots to fish populations. At first 
glance they would seem a modest contri
bution in relation to the overall shelf and 
slope habitat, but consideration of the 
oceanographic literature suggests that 
hotspots may be critical for many species. 
The extreme importance of high-density 
food patches to many species of pelagic 

animals is becoming increas
ingly clear. The fish and zoo
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1993, leptostracan density 
averaged 6.9 x 105 m-2 (s. d. 
4.4 x 105

) and amphipods 
7.8 x 105 m-2 (s. d. 2.7 x 105

). 

The combined maximum den
sity of these animals was 
3,240,000 m-2

, an order of mag
nitude greater than any natural 
macrofauna! assemblage report
ed in the literature (see figure). 

The leptostracans averaged 
4.5 mm long, and their sec
ondary production, as calcu
lated by the cohort summation 
of losses method\ was 3,300 g 
dry weight m- 2 yr- 1 (produc
tion/biomass ratio = 7.2). This 
value is an underestimate 
because many of the largest size 

Density (m-2
) of the detritus-mat invertebrates compared with 

reports of dense assemblages in the literature. First three columns, 
densities of total crustaceans (Cr), leptostracans (L) and amphipods 
(A) from this study. Blue, data from this study. Green, data from 
polluted environments. Red, data from other, undisturbed, environ
ments. Additional abbreviations: P, polychaete; C, community; 
Ph, phoronid; T, tanaid; H, harpacticoid copepod; 0, oligochaete; 
8, bivalve. Open circles, data from this study; triangle, J. Crooks, 
unpublished data; numbers, citations for the above data. 

plankton that survive and 
reproduce have somehow been 
able to locate and exploit food
rich patches. The same is 
probably true for many species 
of benthic and demersal fish 
and invertebrates. Cold seep 
and hydrothermal vent com
munities occur on a much 
smaller scale and are tempor
ally ephemeral, but they also 
support high biomass and pre
sumably very high rates of 
production, enriching what 
would otherwise be a very food
poor environment. 

Productivity hotspots may, in 
aggregate, be an important 
energy supply for fish produc
tion along some coasts. Systems 
such as this provide an impor
tant mechanism to channel 
marine macrophyte production 
into higher trophic levels 

classes could not be assigned to a cohort 
and were omitted from the calculation. 
The mean dry biomass of the amphipod 
assemblage during the study was 168 g m-2 

and, assuming a production/biomass ratio 
of 4.0, amphipod annual production is 
estimated as 672 g dry weight m-2 yr-1 

(average length of amphipods, 2.2 mm). I 
found only two measurements of sec
ondary production in the literature with 
values approaching those found in the 
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2,000 m2 of the detritus habitat were 
quantitatively sampled, but the total area 
of the mat within the La Jolla submarine 
canyon system probably exceeds 100,000 
m2

• The dense assemblage of crustaceans 
and their fish predators have been 
observed as deep as 60 m, the maximum 
depth examined. 

The amphipods are generally distrib
uted within the top 10-20 em of the detri
tus-mat and the leptostracans are most 
abundant 5 - 25 em into the detritus; how
ever, gut-content analysis and laboratory 
investigations indicate that Ieptostracans 
are the preferred prey of the mat-associat
ed fishes. Large numbers of both demer
sal and pelagic fishes are nearly always 
present over the mat, and those fish, even 
species that typically prey on plankton, 
mega-invertebrates, and other fish, gener
ally have their guts filled with the detritus
dwelling crustaceans. Fish are the tertiary 
predators in this system and functionally 
'shunt' the detritus-based saprotrophic 
production into the classic biotrophic 
coastal food web (G. Polis and D. Strong, 
manuscript submitted). Most of the fishes 
common at 15 m are also abundant at 
60 m; several of these species were found 

through a saprotrophic food 
web. If, as suggested by Pimm3

, ex
tensive omnivory is destabilizing, ex
tremely high secondary production by 
omnivores may persist only in detritus
based food webs with large inputs of 
allochthonous production. This situation 
exists in the La Jolla canyon and is 
expected to occur in other submarine 
canyons near to populations of marine 
macrophytes. 
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