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ABSTRACT 

Seamounts represent ocean features whose potential for biological resources has 
been largel) o\erlooked. The recent discover) of abundant fish resources in the 
southern Emperor Seamounts region, however, has led lo fisheries development 
and exploitation. We have little understanding of basic biological and population 
characteristics such as recruitment patterns, age distribution, the stock-recruit 
relationship, natural mortality, and trophic relationships among seamount species 
to form the basis for appropriate management. Seamount fisheriec differ in many 
respects from other fisheries so that innovative methods are needed to evaluate 
resource characteristics. Available information suggests that interaction of sea- 
mounts with ocean currents results in flow complexities including Taylor columns 
and eddies which may either increase productivity or aggregate prey organisms. 
Thus, seamounts may play important roles in the concentration of biological 
resources. Understanding the productivity and sustainability of these resources 
requires multidisciplinary approaches involving physical and biological ocean- 
ographic research. 

Seamounts are a dominant feature of the geomorphology of the 
Pacific Ocean, yet they have received relatively little study. Logistic 
constraints have generally limited biological investigations to small- 
scale efforts designed to consider the fauna present in particular 
locations (Pratt 1967; Raymore 1982). In  the northern and central 
Pacific, however, the discovery of exploitable biological resources 
has intensified the study of the value and sustainability of seamount 
fishery resources in the Gulf of Alaska (Hughes 1981) and in the 
southern Emperor-northern Hawaiian Ridge (SE-NHR) region 
(Humphreys et al. 1984). Seamounts in the Gulf of Alaska have 
fish populations similar to those in coastal waters but unexpected- 
ly high densities of several species of crabs (Hughes 1981), but 
no directed fishery has developed to exploit these resources. In the 
SE-NHR seamount group (Fig. 1) the development of a fishery 
preceded fisheries research. Since that time, new fisheries have 
developed, including those for bottom fishes besides pelagic armor- 
head, Pseudopentaceros wheelen' (Humphreys et ai. 1984), precious 
corals (Grigg 1982). albacore (Yasui 1986), skipjack tuna (Inoue 
1983). and squid. 

Traditional fisheries research is difficult to conduct on seamounts. 
Seamounts are generally remote, making seasonal, repeated sam- 
pling difficult. Often, the fine-scale topography of the shallow por- 
tions of the seamounts is poorly known, although bathymetric studies 
continue (Smoot 1985). In the SE-NHR seamounts relatively little 
is known about the life history and ecology of the dominant species, 
their habitats, and the associated ecosystem; thus new approaches 
will be necessary to assess and determine the sustainability of the 
resource. 

Although limited in area, seamounts may serve as locations for 
concentration and transfer of energy from the pelagic to demersal 
ecosysiems. Demersal resources of seamounts may maintain high 
biomasses as a result of localized enhancement or concentration 
of the productivity of overlying waters. Our understanding of this 
productivity is largely at the hypothetical stage and few data exist. 
It is thus difficult to draw conclusions about possible mechanisms 
that maintain these large demersal populations. If productivity is 
indeed high, one can understand how large populations of fishes, 
deriving nutrition from overlying waters, could develop over time. 
A major concern, however, is the sustainability of these popula- 
tions. On mid-Pacific seamounts, currently depressed populations 
of pelagic armorhead may not allow us to estimate the maximum 
sustainable yield. Recruitment rates and variability, the stock- 
recruitment relationships, and the basic ecological processes 
associated with seamount populations are unknown. Further, it is 
difficult to find other populations with which to make valid com- 
parisons. Fish populations of seamounts are geographically isolated, 
but no evidence exists to suggest that stocks of dominant species 
are independent between seamounts. These issues will be impor- 
tant to address as we consider further research on seamount 
resources. It is the purpose of this paper to discuss hypotheses about 
the maintenance of seamount populations and to suggest future 
research. 
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Figure 1 .-The southern Emperor-northern 
Hawaiian Ridge seamounts. The range of the 
armorhead and alfonsin are largely restricted 
to the north by the depth of the seamounts 
and to the south most likely by temperature. 
Current flow in this region is dominated by 
easterly flow from the Kuroshio north of the 
subtropical front, but this front can vary 
seasonally (and interannually) between lat. 
28" and 32"N (Roden 1970): south of the 
front, westerly flow may be observed. 

ENHANCED PRODUCTIVITY 
OVER SEAMOUNTS 

The idea that productivity is enhanced over submarine banks and 
seamounts is associated with complexities of physical oceanography 
and is derived, in large part, from the work of Uda and Ishino 
(1958). They suggested that topographically generated eddies 
enhance productivity, which is reflected in increased fish catch. 
In this section I will consider the evidence for increased produc- 
tivity and the potential [or advection and concentration of pelagic 
productivity from other areas to the seamount regions. 

Waters overlying seamounts are often characterized by high stand- 
ing stocks of plankton (Uda and Ishino 1958; Fedosova 1974; 
Bezrukov and Natarov 1976). Several ideas exist about the high 
productivity in the region of seamounts. The effects of seafloor 
topography on ocean currrents have been reviewed by Hogg (1980). 
Generally oceanography around seamounts is complicated. Taylor 
columns, semistationary eddies located above seamounts, have been 
theoretically predicted for several decades (Taylor 1917; Huppert 
and Bryan 1976) and actually observed over some seamounts 
(Owens and Hogg 1980; Richardson 1980). Taylor columns may 
also be generated over the SE-NHR seamounts, where eddies have 
been observed (Bezrukov and Natarov 1976; Cheney et al. 1980), 
but most oceanographic surveys sample too large a grid to detect 
these open-ocean mesoscale phenomena (Roden 1986). Eddies shed 
downstream of the seamounts, however, are an important source 
of variability in the oceanography of the North Pacific (Royer 1978). 

Taylor columns may be important in maintaining planktonic 
populations and may indeed produce increased primary and second- 
ary productivity. From a theoretical standpoint, Taylor column for- 
mation is a function of current strength, seamount morphology, 
stratification of the water column, and latitude (Huppert 1975). Anti- 
cyclonic flow around the seamount should exist, with cold water 
at its center; warm water cyclonic eddies would remain in the vicin- 

ity of the seamount at low current speeds and are shed downstream 
at higher current speeds (Owens and Hogg 1980). The upwelled 
cold water could bring nutrients to the euphotic zone, resulting in 
increased productivity. The stationary nature of this eddy over the 
seamount would also decrease the probability of advection of this 
productivity from the seamount, making it available to seamount 
populations. Some support for these arguments is provided by a 
comparison of waters over seamounts with adjacent waters; dif- 
ferences have been noted in chlorophyll content (Genin and Boehlerl 
1985). plankton biomass (Bezrukov and Natarov 1976), ichthyo- 
plankton (Nellen 1973; Boehlert 198.5), and micronekton (Boehlcrt 
and Seki 1984). On a small seamount in the Marianas, however. 
Genin and Boehlert (1985) showed that the phenomenon seemed 
to be transitory, but dependent upon the oncoming current strength 
and the morphology of the seamount. 

Uda and Ishino (1958) suggested that increased pelagic produc- 
tivity may enhance productivity on banks and seamounts. and stated 
"the concentrated areas of food animals including nekton, plankton 
and benthic fauna are fertilized by upwelling and accumulated or 
hydrobiologically limited by convergence." Indeed, the densities 
of pelagic armorhead alone produced catch rates of some 96 metric 
tons (MT) per trawling hour on Colahan Seamount in 1972 (Hum- 
phreys et al. 1984). Estimated standing stock of this species in thc 
SE-NHR seamount region was as high as 396.000 MT in 1969 
(Borets 197.5: see Table I ) .  This species, which forms aggrega- 
tions off the bottom during daytime and feeds on macroplanktonic 
and micronektonic animals, is considered to be semidemersal at 
the seamounts. The biomass of prey organisms necessary to sup- 
port such a large localized predator population must be immense: 
it is doubtful that the standing stock under average conditions of 
the North Pacific Ocean could support this biomass of pelagic a n o r -  
head. An analogy may be drawn with surface schooling tunas, which 
apparently depend upon fronts for prey aggregation (Murphy and 
Shomura 1972). 

96 



Table 1.-Catch and effnrt from the Japanese and Soiict fisheries for armar- 
head, P.qeudopenlaceros wheeleri, on the SE-NHR seamounts and e$timates 
of hoarfish stack size, 1968-75. Data are from Takahashi and Sasaki (1977) 
for the Japanese data and Borets (1975) for the Soviet data. Soviet catch data 
have been converted to weight from numhers by assuming a mean weight 
of 0.5 kgifish. Note the difffrence in units of effort between the Japanese and 
Sriviel data. 

Indica 1968 1969 1970 1971 1972 1973 1974 1975 

Japanece data 
Catch ( I O '  MT) ~ 3 28 30.0 5.9 299 25.0 34 5 19.0 
Fishing effort 
(trawling hour%) - 157 2.807 1.301 496 740 I S 3  1.377 

Soviet data 
Catch (IO'MT) 49 5 162 5 145 0 17.0 98.0 170.5 39.5 46 5 
Firhinp effort 
(vessel da?) I.OhY 3.282 3.516 467 1.883 4.044 1.589 2.047 
Stock s n e  
(IO' MT) 310 5 396.0 329 5 221 5 364.0 355 5 173 0 1605 
Recruitnieni 
( I O !  MT) 1805 148 77.5 193 5 I40 35 51 ~ 

Mechanisms which aggregate food organisms produced elsewhere 
may also contribute to energy flow on seamounts. Pereyra et al. 
(1969), for example, observed concentrations of demersal yellowtail 
rockfish, Sebastes flavidus, feeding in areas where midwater 
organisms were being advected onto the continental shelf. Isaacs 
and Schwartzlose (1965) observed a similar pattern on an offshore 
bank and suggested that such fish populations thus may not be limited 
by local productivity, but rather depend upon oceanic productivity 
and advection or hydrographic aggregation of prey sources. Mid- 
water fishes and other organisms in scattering layers may reach 
very high densities during daytime (Backus et al. 1968). Alldredge 
and Hamner (1980) described a hydrodynamic aggregation of 
plankton some fortyfold over mean densities in an eddy system near 
a coastal headland and suggested that it may have important effects 
upon fish distributions. Similarly, Olson and Backus (1985) pro- 
vide data and model a concentrating mechanism for midwater fishes 
at fronts. Interaction of currents with coastal headlands or undersea 
banks may be responsible for dense aggregations of several species 
of fishes, including widow rockfish, Sebasres entomelas, in the 
northeastern Pacific and orange roughy , Hoplosrethus arlanticus, 
off New Zealand (Robertson and Grimes 1983). 

Similar mechanisms of aggregation probably exist for seamounts. 
Hamner and Hauri (1981) have described the aggregation mech- 
anism for a small reef, which may be analogous to an isolated sea- 
mount. In open Ocean areas, where eddies have been studied, the 
results are equivocal; Hall and Quill (1983) observed increased 
sound scattering inside as  compared to outside an eddy in two out 
of three instances. Most studies of ocean eddies, however, deal with 
moving eddies which often differ faunistically from the surround- 
ing water (Griffiths and Brandt 1983) and may thus differ from those 
in seamount areas. Eddy research is a relatively new field and the 
effects on the biota are poorly understood (Owen 1981; Angel and 
Fasham 1983). Pelagic sampling of seamount-generated mesoscale 
eddies, especially for prey consumed by dominant species, will be 
important for understanding the mechanisms of enrichment. High 
abundances of micronekton may exist over seamounts, but these 
species may be seamount-associated rather than pelagic, such as 
the sternoptychid fish Maurolicus muelleri and the mysid Gnatho- 
phausia longispina over Hancock Seamount (Boehlert and Seki 
( 1984). 

MECHANISMS OF RECRUITMENT 
OF DEMERSAL POPULATIONS 

Understanding recruitment mechanisms and variability will be 
critical to understanding the sustainability of seamount resources. 
Given the high density of virgin stocks (Table 1) and their apparent 
reliance on prey produced elsewhere, it is probable that space is 
not limiting, at least for pelagic armorhead. For pelagic armorhead, 
it is probable that recruitment varies from year to year in response 
to physical variability. Wetherall and Yong (1986) suggested that 
recruitment is independent of stock size over a wide range of stock 
sizes, and that interannual variability in recruitment is probably 
responsible for fluctuations in population size. This is supported 
in part by calculations of recruitment from Borets (1975; Table 1). 
One of the first suggestions of a mechanism for recruitment in sea- 
mount populations invoked the concept of stationary Taylor columns 
over seamounts for maintenance of pelagic larvae (Shomura and 
Barkley 1979). This is an extemion of the ideas on the conserva- 
tion of insular plankton described by Boden (1952). Others have 
suggested that seamount populations are derived from upstream 
source populations; the distances proposed have been as great as 
1,100 nini (Lutjeharms and Heydorn 1981b). This could be the case 
for the populations of M .  muelleri on Hancock Seamount; large 
populations are present in waters of Japan (Okiyama 1981) and 
advection in the Kuroshio could bring them to the area of the sea- 
mount in 100-200 days (K. Mizuno, Tohoku Regional Fish. Res. 
Lab., Shiogama, Japan). Similar advective mechanisms may link 
the seamount population of alfonsin, Beryx splendens, to that in 
Japan. 

Potential recruitment mechanisms must be a function of the 
physical oceanography and life histories of the species concerned. 
The physical oceanography of the SE-NHR region, including domi- 
nant effects of the North Pacific Current and the Kuroshio Exten- 
sion, is complex (Fig. 1). The existence of eddies in the region 
has been discussed. As the currents impinge upon the Emperor Sea- 
mounts, there is a change in the hydrographic pattern, including 
major differences in dynamic height perturbations and current flow 
east as compared to west of the chain (Roden 1977; Roden et al. 
1982). The region of the SE-NHR seamounts, however, is also in 
the subtropical Pacific front. This front is best developed from late 
fall to early summer (Roden 1980) and eddies are shed along the 
front (Roden 1981). Mizuno and White (1983) have demonstrated 
that interannual variations exist in the latitudinal position of the 
Kuroshio, and thus the position of the front, resulting in variabil- 
ity in eddy production. Further south, at lat. 20"-24"N, is the Sub- 
tropical Countercurrent, which could conceivably transport pelagic 
eggs and larvae back to Japanese waters (Uda 1970). 

Whereas the effects of seamounts on large scale flow have been 
described, the smaller scale effects have been largely inferred due 
to the scale of sampling (Roden 1986). Flow perturbations in the 
regions of the seamounts suggest eddy formation, and indeed 
satellite-tracked drifters have become trapped in eddies over sea- 
mounts (Cheney et al. 1980; Richardson 1980; Lutjeharms and 
Heydorn 1981b). Current flow patterns over the seamounts may 
thus vary with seamount morphology, ocean current strength, and 
season. 

From a biological standpoint, research must be initiated to fill 
important gaps in our knowledge of the life history and behavior 
of the species of interest. Larval, pelagic, juvenile (Borets 1979) 
and benthic adult pelagic armorhead and alfonsin have been cap- 
tured, but distribution of the intervening stages is unclear; in any 
case, the pelagic young stages of both species are relatively rare. 
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experimental and commercial gear, which are notoriously poor for 
capturing juvenile stages. It is possible that younger specimens are 
recruited to the seamounts but are not available to our current Sam- 
pling. Alfonsin may segregate to different habitats by age or size, 
as described by Seki and Tagami (1986). Submersible research could 
clucidate several aspects of the biology, habitat, and behavior of 
alfonsin and pelagic armorhead on the seamounts and allow a more 
comprehensive understanding of data collected using conventional 
shipboard methods. In several areas, for example, fish are apparently 
abundant in regions with high relief which prevent effective trawl- 
ing operations (Yamamoto et al. 1978). Survey of these areas may 
allow more complete assessment of the populations and also pro- 
vide information on the presence of juveniles and the nature of 
juvenile habitat (Uzmann et al. 1377; Carlson and Straty 1981). 

Population age structure must also be determined. Based upon 
the ages determined in different studies, it is apparent that age valida- 
tion work must be completed before a full study is undertaken. In 
armorhead, we must develop growth curves which will include the 
rare, larger specimens as well as curves based upon the dominant 
commercial sizes, which are apparently dominated by 2- and 3-year 
olds. Also, capture of the smallest specimens, whether in surface 
collections or from submersible benthic juvenile habitat will be 
necessary to aid our understanding of the growth dynamics; what 
percentage of somatic growth occurs before recruitment to sea- 
mounts? By considering the variability in age structure from year 
to year and the relationship with fish morphology, we may be able 
to estimate the variability in recruitment from year to year. If armor- 
head recruitment to seamounts occurs at later ages, as currently 
appears probable, then there are several points in the life history 
where variability in recruitment or year class strength could be in- 
fluenced. Very strong recruitment, for example, apparently occurred 
in 1972 (Borets 1975; Takahashi and Sasaki 1977; Wetherall and 
Yong 1986). What is the role of recruitment variability in popula- 
tion abundance? Can we identify environmental features which may 
be responsible for recruitment variability? Physical and biological 
factors during the pelagic phase may play a role. Based on data 
from 1 1  years between 1969 and 1981 (in Humphreys et al. 1984), 
there is a negative correlation (r = -0.77) between catch per unit 
effort and mean length of armorhead. This suggests that density- 
dependent growth may occur in the pelagic environment. 

Continued data collection will be necessary for population assess- 
ment. The fisheries-dependent model developed by Wetherall and 
Yong (1986) should be refined as more data become available and 
as the above research results allow better interpretation of existing 
data. Some level of continued fishing effort is desirable to allow 
model updating, stock monitoring, and development of biomass 
estimates. As ancillary goals, however, we should attempt some 
level of fisheries-independent resource assessment. At present, we 
have no ideas on changes in catchability that may have occurred 
through the history of the fishery. We should pay particular atten- 
tion to methods such as hydroacoustic assessment, which could pro- 
vide further information on the behavior of the species as well as 
fishery-independent assessment which could cover relatively large 
areas during daytime when the fish are unavailable to the trawl. 

A major resource-related question concerns the trophic relation- 
ship of pelagic and demersal species. Preliminary work suggests 
that pelagic armorhead and alfonsin share similar prey resources. 
Is this resource base also common with the dominant pelagic species, 
including albacore, skipjack tuna, and squid? If so, have stocks of 
any of these potential competitors increased as pelagic armorhead 
stocks declined? The increased catch of alfonsin is suggested by 
Sasaki (1986) to reflect a change in targeted species by fishermen. 

We should also consider the speculation raised in the workshop 
discussion by Sasaki, namely. that pelagic armorhead use seamounts 
for spawning and that the “fat” condition developed in the pelagic 
environment deteriorates there due to lack of food. This specula- 
tion could he treated as a testable hypothesis, namely that insuffi- 
cient food resources exist to maintain the virgin populations. An 
ecosystem model of a specific seamount would provide a means 
of addressing these issues. 

The questions of seamount productivity should be addressed as 
a mechanistic phenomenon in a multidiscipllnary fashion with key 
contributions from biological and physical oceanography. The 
general research question is “What are the factors important in 
maintaining large populations on seamounts?” This question should 
be addressed, as mentioned above, as one of productivity versus 
advection and convergence. Not all seamounts or banks would be 
classified as highly productive. Is the pattern of the SE-NHR sea- 
mounts a general phenomenon, with the energy simply channeled 
to other trophic levels or ecosystems, or are there specific features 
necessary for a highly productive seamount? If the latter is true. 
what are the features necessary to define a productive versus a non- 
productive seamount? If we can define these features, it may be 
possible to describe areas in the sea where fisheries production may 
be unexpectedly high. The deep sea has traditionally been viewed 
as relatively low in production and biomass, but the development 
of the orange roughy fishery in New Zealand at depths from 800 
to 1,200 m is currently providing an annual harvest in excess of 
30,000 MT (Robertson and Grimes 1983). Thus knowledge of the 
factors important in productivity of deeper waters may aid in search- 
ing deepwater areas where resource exploration has not been 
conducted. 

Research of this nature will require a variety of research 
disciplines. First, physical oceanographic studies based on closely 
spaced sampling grids as proposed by Roden (1986) will need to 
determine the conditions for development of eddies, Taylor columns, 
fronts, and other mesoscale features of flow complexity. Also, since 
we are interested in productivity effects in the euphotic zone, we 
must consider how these effects transfer into the mixed layer. Fur- 
ther research with moored current meter arrays, satellite- or radio- 
tracked drogues, and remote sensing will allow definition of the 
seasonal nature of variability in these mesoscale features. Are these 
features consistent within season, from year to year? What role is 
played by interannual variability of the kind described by Mizuno 
and White (1983)? Given the bottom topography and information 
on ocean currents, can one predict locations of eddies or gyres? 

A variety of research on the biological oceanography of the water 
columns over seamounts is also of interest. What is the variability 
of primary productivity in the region of seamounts? Can a signal 
be detected in the levels of primary productivity associated with 
seamounts and if so, what is the residence time and consistency 
of such productivity? If enhanced productivity is present, however, 
further work will be necessary to demonstrate whether it is advected 
away or remains in the region for transfer to higher trophic levels 
of both fishes and benthos. Also, if there is no signal in primary 
productivity, can we assume that convergence and aggregation are 
responsible for seamounts with high biomass? As this question is 
considered, it should be related to areas other than seamounts, in- 
cluding banks (Uda and Ishino 1958), coastal headlands (Alldredge 
and Hamner 1980), and islands (Boden 1952; Hamner and Hauri 
1981), where similar phenomena may occur. 

Secondary productivity studies and descriptions of the spatial 
distribution and abundance of plankton and nekton will also be 
necessary. What is the mechanism of vertical flux of materials from 
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surface waters to the seamounts? The dominant fish species of the 
SE-NHR seamoiints apparently forage in the water column (Sakiura 
1972; Borets 1979); is the mechanism of vertical transport a 
biologically mediated one? Do the benthos of seamounts show 
enrichment relative to shelf-slope biomass values. and if so. what 
is the energy source? We should undertake trophic studies which 
will allow better description of the ecosystem interactions in sea- 
mount regions. In this manner, preliminary models of the energy 
flow and higher trophic level production could be estimated. Does 
the combination of virgin stocks of demersal seamount populations 
and the pelagic populations require higher energy levels than average 
regional primary productivity would indicate'? This may be a pro- 
ductive preliminary approach to assessing research questions on 
seamount oceanography. 

In conclusion, seamounts represent an ocean feature whose poten- 
tial for biological resources has been largely overlooked. Although 
seamounts may never represent a major contribution to world fishery 
resources, rational exploitation of the seamount resources requires 
a great deal of information before we can expect management to 
sustain populations. The armorhead is characterized by a broad 
feeding range, a wide variety of prey organisms, rapid growth, and 
early maturity. These features suggest that proper management of 
this resource could result in a significant, sustainable yield. The 
scientific questions associated with seamount oceanography and pro- 
ductivity are important to understanding the dynamics of seamount 
ecosystems. 
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Humphreys et al. (1984) have described the current knowledge on 
life histories of pelagic armorhead and alfonsin. Young alfonsin 
apparently are recruited to the seamounts at an age of approximately 
I year after a pelagic larval stage (Chikuni 1971). It has been sug- 
gested that pelagic armorhead are recruited to seamounts after a 
largely pelagic existence, but the duration of this period is in ques- 
tion. Soviet scientists have suggested that recruitment to the sea- 
mounts occurs at an age of 6-9 years (Vasil'kov and Borets 1978). 
whereas the Japanese suggested that recruitment occurs at ages of 
4-5 (Chikuni 1971). These ages were determined from different 
methods of scale reading. Our best estimates of age at recruitment 
for more recent samples suggest ages of 2-3 years. and the major- 
ity of recruits are 2-year olds (J. H. Uchiyama, Southwest Fish. 
Center Honolulu Lab.). All of these samples, however. have been 
taken with sampling gear for larger fish; virtually no sampling has 
been conducted on the seamounts which would collect small 
juveniles of either species. The recent discovery of large scale 
nursery areas for juvenile rockfish, Sebastes spp., in untrawlable 
areas in the coastal waters of Alaska required the use of a research 

'submersible (Carlson and Straty 1981). In situ observation from 
a submersible. photographic transects. or other unconventional 
sampling techniques may thus be necessary to assess the presence 
and abundance of these important life history stages and to allow 
a fuller understanding of the recruitment process. 

Knowing the duration of the pelagic period will allow better sug- 
gestions of recruitment mechanisms. The recruitment mechanism 
using Taylor columns as suggested by Shoniura and Barkley (1979), 
for example, would probably require a relatively short-lived pelagic 
dispersal stage but could result in localized stocks or populations 
on individual seamounts. Eide (1979) noted trapped eddies over 
banks on the continental shelf off Norway. and Sundby (1984) sug- 
gested that these features allow retention of pelagic cod eggs and 
larvae sufficiently long for recruitment. A similar mechanism has 
been suggested for Georges Bank (Smith and Morse 1985). Alter- 
natively, some species may have very extensive pelagic dispersal 
stages with different recruitment mechanisms, thus resulting in mix- 
ed stocks. Lutjeharms and Heydorn (1981b) suggested that rock 
lobster, Jusus tristani, is recruited to Vema Seamount after 9 months 
of pelagic drifting over some I ,  I 0 0  nmi. Despite the long distance 
over which recruitment occurs, however, the mechanism is suffi- 
ciently robust to allow large-scale recruitment of depleted popula- 
tions in relatively short periods of time (Lutjeharms and Heydorn 
1981a). 

The geographic distribution of a species may often provide an 
idea of the length of larval life and dispersal capabilities. Pelagic 
armorhead have now been divided to Northern and Southern Hemis- 
phere species (Pseudopentaceros wheeleri and P.  richardsoni. 
respectively; Hardy 1983). Pseudopentaceros wheeleri has been cap- 
tured throughout the North Pacific (Fujii 1986) but is abundant only 
in localized regions such as the SE-NHR seamounts. The presumed 
long pelagic period of this species (2-3 years) allows such long- 
range dispersal but calls into question the mechanism of recruit- 
ment to the population centers. It may be that the physical factors 
responsible for enhancing productivity or aggregating prey over 
seamounts may also provide clues to their locations. If our inter- 
pretation of the long pelagic period is correct, it is probable that 
a single stock exists on the seamounts, as preliminary electrophoretic 
results suggest. 

It is of interest to note that the orange roughy, Hoplostethus atlun- 
ricus, another deepwater fishery species, has a distribution pattern 
analogous to that of the pelagic armorhead (Robertson and Grimes 
1983). Thus effects associated with other topographic features such 

as banks and islands (Uda and Ishiao 1958) should also be 
investigated. 

FUTURE RESEARCH DIRECTIONS 

I will divide my suggestions of future research to those addressing 
strictly resource-associated questions and those of a more general 
nature dealing with mechanistic questions. The latter research areas, 
which I would define as relating to the general phenomena of nigh 
productivity or enrichment over seamounts, are generally beyond 
the logistic and financial contraints of the resource agencies and 
will need to be approached on a larger, multidisciplinary scale. The 
resource questions. although related. by necessity take a somewhat 
narrower approach, using available research vessels and fisheries 
data. 

Research related to the resource issues must address the basic 
questions necessary for management of the fishery and will require 
a combination of research on stock structure, reproduction and 
behavioral biology, life history, and population assessment. 
Research on stock structure and species separation (particularly for 
Pseudopentaceros) should begin immediately to complete the 
preliminary work done and to allow interpretation and planning of 
other work. The research design should include work on pelagic 
armorhead and alfonsin. For pelagic armorhead, the questions in- 
clude stock differences among seamounts (which preliminary elec- 
trophoretic information suggests do not differ), between fat and lean 
types, and between benthic and pelagic groups. It would also be 
of interest to compare Northern and Southern Hemisphere specimens 
to aid in our understanding of the taxonomic issues and species 
descriptions recently published by Hardy (1983). For the alfonsin, 
no work has been conducted to date on stock differentiation, but 
it would be interesting to determine if stock differences exist among 
seamounts and also the relationship of seamount and the western 
Pacific populations described by Yamamoto (1986). The apparent 
transport of Japanese sardine, Sardinops melanosticra, to the 
Emperor Seamounts (Yasui 1986), provides a mechanism for 
transport of early life stages of alfonsin from Japanese waters to 
the seamount region. 

As described above, a wide variety of research on life history 
and biology of the dominant species will be of interest. The con- 
ceptual model of pelagic armorhead life history proposed by Hum- 
phreys and Tagami (1986), for example, has many unknowns which 
could be tested. Another key area of interest will be a study of the 
spawning and early life history of the two dominant species. Pelagic 
armorhead spawn during winter, alfonsin during summer. Do the 
larval distributions differ in response to the seasonal differences 
in physical oceanography? Can larvae be captured in sufficient 
numbers to meaningfully describe the effects of currents on distribu- 
tion and dispersion? Plankton surveys should be conducted which 
consider the vertical distribution as it relates to water column struc- 
ture and horizontal distribution as it relates to the seamounts and 
current flow patterns. What are the recruitment strategies of these 
two species? Is recruitment seasonal, as is spawning? Is the Taylor 
column concept realistic as a mechanism for the maintenance of 
pelagic populations? Many of these questions can only be addressed 
with the help of sophisticated analysis of physical oceanography 
to support our understanding of the biological oceanography. 

Research must also be conducted to develop a better understand- 
ing of the habitat on the seamounts and the behavior of the domi- 
nant species. What is the diel activity pattern of each species? Our 
current ideas of the age at recruitment are based upon captures in 
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