








to forecast something based on one or two years of research
regardless of the technique used could be totally inappropriate.
SHOMURA: You really need to sample over some time frame to look
at seasons, size, year class, over the range of distribution
before you can make any definitive statement.
ROLON: I work with the staff of the Caribbean Fishery Management
Council. One of the goals of my coming to this meeting was to
determine whether we have sufficient tools to make recommenda-
tions to our managers for the allocation of resources. One
problem that I see is that there is a tendency to use terms that
are quite different as if they were interchangeable. For example,
the terms management unit and gene pool are used as one word and
that is a big mistake. Another component of our problem is that
we have to use the best available data, whatever that means.
Right now in the western Caribbean we are looking at an
electrophoretic study and analysis conducted on swordfish. There
are a lot of people betting that our swordfish come from the
south Atlantic and that it's not part of the northeast Atlantic
stocks. Management strategies will differ depending on the out-
come of this research. I think that this workshop has been very
excellent from the quality and the number of experience papers
presented and I see this as another step toward better communica-
tion between scientists and managers. Another point should be
expressed - that we are looking at a snapshot of what is
happening in the whole evolutionary history of a species or a
stock. We are trying to get tools that will allow us to forecast
what would happen and try to stop the decline in the fishery.
KUMPF: We have talked about funding and availability of
resources. What does it cost per unit sample? What does it cost
to set up a particular methodology? I like what Fred utter said
that you don't have a perfect method that will solve all your
problems. But, I would like to get a relative feel for the
costs, exclusive of obtaining samples.
UTTER: I would like to speak to that based on setting up a basic
electrophoretic project. You will need four power units that
cost about 500 dollars a piece. You will also want to have an
ultra cold freezer (-800 C) for storage of samples. I believe
this is absolutely necessary for long-term storage and for
resampling individuals to avoid having to go out and collect them
again. The freezer may cost $5,000 for a good unit. Beyond that
your costs are not extremely high. For equipment you will need a
total of not more than $5,000. Your major expense beyond
manpower for the project is going to be chemicals. That may run
as high as $5,000.
SHAKLEE: Basically, all I'd like to do is point out that there
is no simple answer to your question of how much it costs. It's
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partly a function of the magnitude of the operation. In the
state of Washington, we are in the process of setting up a
laboratory to do large volume analyses of salmon stocks. I think
the department is investing in the neighborhood of hundreds of
thousands of dollars, not $10,000 or $20,000. But we're not
talking about a small scale preliminary investigation of the
technique, we're talking about the application of the technique
on a large scale with a number of individuals and adequate
equipment. So within this one technique, if you're talking how
much it costs to do as a preliminary first operation with one
person you might be talking $20,000 for the first year exclusive
of salaries, sample costs, etc. Yet, if you're talking about
using it in a practical large scale stock identification program
either involving a large number of stocks and a large number of
species and individuals, then you can quickly be talking on a
scale of hundreds of thousands of dollars. Clearly, the
criterion that has to be applied is whether or not the questions
that need to be answered are of such a commercial or economic
scale that they justify the level of investment necessary
hopefully to generate an answer.
SHOMURA: In your estimates, Jim (Shaklee), you pretty much
discounted the cost of cOllecting samples. When you're looking
at it from a state situation, fairly localized, the cost of
sampling is fairly small relative to when you're looking at the
resources we've looked at in the Pacific.
KUMPF: The reason I discounted sample collection cost is that it
would be roughly the same for each method, but I can see that the
sample needs for a mitochondrial DNA project would be different
from a morphometric study.
SHAKLEE: Well, the function of the sample size needed to answer
the question and also how the samples have to be collected and
protected or preserved between the time of collection and the
time of analysis are also important factors. The reason I
avoided any discussion of sample cost is that it is so highly
specific to the question being addressed, both geographical and
in terms of the logistics of collecting the animal. In some
cases, the cost of collecting samples can be orders of magnitude
greater than the cost of analysis. In other cases it is in fact
a small fraction of the cost of analysis.
AVISE: I find your question on costs very hard to answer because
there are so many considerations. One way to summarize the cost
of mitochondrial DNA work is to note that I used to have a
protein electrophoretic lab and it was supported by grants that
were roughly half the size of those that I currently have for
supporting the mitochondrial DNA lab. In terms of the normal
operations, once the lab is set up it's not that different. Ilm
able to process far fewer samples of mitochondrial DNA with that
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grant than I could have processed with electrophoresis. In terms
of the capital expense it's going to depend on exactly how the
procedure is done. During the meeting here you heard several
alternative ways in which one might approach the mitochondrial
DNA technique. In our particular lab the most expensive piece of
equipment is the ultracentrifuge which may be twenty or thirty
thousand dollars or more for the machine itself, exclusive of
rotors. So that's a major capital outlay, but there are ways to
get around that. There are other techniques of analysis that
don't require an ultracentrifuge, but we prefer its use for our
current purposes. My last grant was for three years and it was
about $150,000 ($50,000 a year). The majority of that goes to
personnel. This included one full time lab technician and
several graduate students that were supported outside the grant.
COOK: I've been dealing with scale analysis for quite awhile.
Part of the reason I've been well funded over time, perhaps at a
lower level, is because its an extremely inexpensive route to go.
If it answers the questions for the managers and the people
interested in the problem, and its the cheapest tool for them to
use, they will fund the work. The comparison of scale analysis
and electrophoresis, as to which method is going to work, isn't a
valid question. In order to solve problems you really need to
focus in several different directions to address an important
problem. You have to realize that one particular technique is
not going to answer all the questions. You may have to use an
alternative technique. Perhaps you should start with the
cheapest technique which may be the computerized analysis of
morphometrics or scales and if that does not work then go to the
next least expensive technique and on up the chain until you've
lost support from the people interested in addressing the
allocation or the management issue. Scale analysis has been
extremely inexpensive to use. Agencies with very small budgets
are approaching us to look at this method. We're looking at
capitalization costs of around ten to twenty-five thousand
dollars. The manpower requirements are very very low because we
can process a few thousand samples a day on some occasions, if
your samples are well organized, and for scale collection it is
often simply a matter of writing a letter to a brother agency or
to someone that may have these samples on file and exchange
acetate impressions. It can be very inexpensive because it
doesn't require one full salary of an individual to address these
problems. We're looking at small tribal organizations being able
to do things that required a quarter of a million dollars just
five years ago. I'm probably the only person from the private
sector to pick up on this teChnique, and I feel that there is
significant potential for financial return, not necessarily for
stock identification alone, but for other types of applications.
MACIOROWSKI: The technique issue is not really the problem. The
issue, as Dr. Saila said, is the objective. A myriad of tools,
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techniques, test systems and experiments exist that you can use
to attack the problem. Each of them have value to a specific
question and objective, but in no specific problem are they all
equally valid. The issue really is defining questions and
objectives and looking at an evaluation process. The basic
researcher is always interested in basic research and always
feels that he needs to conduct more basic research to build a
data base. The manager is often faced with the situation where
he has to make a management decision now based on whatever
available data exists although these data may be very highly
uncertain and they may not be very extensive, but those drawbacks
do not allow postponement of making a decision.
LUNDSTROM: One of my purposes of coming here was to get a view
of some of the contemporary techniques that are being used today.
I was surprised, but very pleased, to find a number of quite
unrelated techniques that are peacefully coexisting and finding
very useful application. Immunology is a field which was at its
height probably 25-30 years ago. We do have numbers of
technological innovations in immunology which produced some
outstanding applications particularly in human genetics. Hope-
fully, we'll be able to make some of this extend to fishery
genetics. Using monoclonal antibodies turns out to be an expen-
sive technique. Of course cost depends on whether you're just
using monoclonal antibodies or are developing the antibodies.
The development part is very labor intensive and costly.
However, once you have the antibody which essentially forms a
type of biochemical reagent it can in fact be produced very
cheaply, and can be used reasonably inexpensively. If you're
talking about analyzing thousands and thousands of samples, then
like everything else it also is an expensive technique. Our
particular interest initially was for species identification and
we've been doing this for about two and a half years. The first
year our budget, excluding salaries, was about $30,000-$40,000.
The situation has changed somewhat in the last year with the
acquisition of proper automated instrumentation costing approxi-
mately $150,000. We have reached the point now where we are able
to look at a number of different applications, including stock
identification. With the capital equipment in place, the research
phase budget is approximately $100,000 a year involving myself
and three other full-time people.
AVISE: Let me point out, that I think it's perhaps a very
limited perspective to try to count the benefits of any of these
approaches solely in terms of the immediate benefits to
management. For example, electrophoresis that was developed in a
pure research context in the mid-1960s wasn't done in response to
concerns about stock identification or anything of this sort. It
was developed to answer a fundamental question of evolution and
how much variation characterzied the natural population. Many
of the applications that have subsequently spun off, such as
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stock identification, certainly wouldn't have been counted in the
1960s as one of the immediate benefits of the technique. In
respect to mitochondrial DNA, I think we're in a very similar
stage right now. We're at a stage where we're trying to develop
not only things that are of immediate practical significance to
resource managers, but we're trying to evaluate a whole
conceptual approach to the study of evolution. To me, mitochon-
drial DNA is particularly exciting because it's the first time
we're able to study an asexually transmitted molecule in
reproducing species. There are a number of reorientations of
thinking that are brought about by simply having the realization
and studying the ramifications of the consequences of loaded
inheritance. It's far too early to begin to assess the kinds of
benefits that may eventually come out of this approach. I think
its far too limited to set down and do a cost-benefit analysis.
WINANS: To set up a morphometrics research project the basic
required instrument is a digitizer which costs between $1,000-
$2,500. A computer system with appropriate software is a
critical acquisition. Added to these fixed costs is sample
collection and labor. If someone gave me $5,000, I'd be rich.
COOK: The hardware for the type of optical systems that I showed
with digitizers, monitors and microscope costs about $15,000. If
you buy the computer software the cost is approximately an
equivalent amount. If you develop the software inhouse it would
take about 1-1/2 to 2 years.
CASEY: About 20 years ago I tried to find out what electrophore-
sis was all about. I talked to people in our lab and I thought
that we could differentiate spawning stocks. Our researchers
responded that they could tell the difference between samples,
but not conclude that they were the same stocks. I think the
managers have trouble with that response. It seems to me the
techniques are at hand and they are not that expensive from what
we have heard. Isn't there some technique that could be used
right now to at least get part of the question answered? When
are we going to be able to prove our case, and get support for
this work? My bottom line comment on this is that I would be
willing to supply biological material for the evaluation of some
wide ranging species such as blue shark or swordfish. If nothing
shows up it's fine, but I don't want to be under the gun five
years from now to get large numbers of samples and not be able to
supply them. So if any of you want to see me after the meeting I
would be happy to arrange a proper sampling protocol. I can give
you some ideas on what the problems are going to be. Blue shark,
for example, is probably the most abundant large pelagic shark in
the Atlantic, and occurs on both sides of the Atlantic, but none
of the international fishing community is exploiting it yet. It
certainly is going to be harvested, and it is very important in
our u.S. recreational fishery, so I would like to see this
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species looked at genetically and the stocks delineated, before
it gets to be a critical issue.
CRATEAU: I want to get back to what John Avise said earlier
about those farm ponds and it would be important to me to have
some way of distinguishing between those pond stocks. I am
involved in trying to restore striped bass in the Gulf of Mexico.
One question being asked by the people in the Gulf is why not use
Atlantic stocks, and I am trying to determine whether there is a
genetic difference and if so perhaps a certain genetic
characteristic may lend itself to be used in restoring the Gulf
of Mexico stock. There is now one small population of Gulf stock
striped bass left in the Apalachicola River system, and we are
trying to save that stock to restore the Gulf of Mexico striped
bass population. I would like to show that there is some genetic
difference. The ultimate answer to the question of whether this
particular striped bass does have some adaptive characteristics
would be demonstrated through stocking programs to see if in fact
it does live longer, grow faster and have a higher survival rate.
STEVENSON: I would like to offer a look into the future that we
all need to think about. I think it is clear from attending this
workshop that there will continue to be advances in technology
and in the kinds of statistical tests that can be applied to data
in stock identification. We are going to be learning more in the
future resulting in even more information being available to
resource managers. Their job is going to become even more diffi-
cult than it is now, in sorting through this information and
figuring out what to do with it. It will put a burden on the
managers and probably also on your assessment people who, I
think, are sort of going to be caught in the middle.
HELLE: I like the analogy of the snapshot that Miguel Rolon from
the Caribbean Council suggested. What we really need to look at
is a much broader period of time, i.e., much bigger picture. We
are looking at these problems in our own lifetime and in the
terms of that context, but we need to look at it on an
evolutionary time cycle. More in terms of what are the fish life
cycles? How many life cycles of a chinook salmon am I going to
see in my lifetime and be able to study? We need to look at what
we are leaving future generations. We have an urgent problem in
the lack of communication between researchers, managers and the
general pUblic. Let me give you a case in point. When offshore
oil development was being considered in the Gulf of Alaska, one
of the city managers from a small village along the coast said we
shouldn't care if there is major pollution along the coast
because it won't affect the salmon anyway, because we will build
hatcheries and have salmon whether we have polluted waters or
not. There was a total lack of understanding of the basic
problem. If habitats are eliminated you won't have the salmon.
In the pUblic's mind a hatchery can replace wild stocks.
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Hatcheries do not replace wild stocks. Wild stocks supply our
storehouses of genetic diversity for the future. Hatchery
breeding and production is a selection process. This results in a
homogeneous stock transplanted over wide areas, and that is
exactly what we should not be doing if we are going to leave
future generations something worthwhile. We need to be able to
communicate with managers better and tell them that they have an
evolutionary crisis on their hands right now. A case in point is
the homing behavior of salmonids. Homing is highly inheritable.
If you take an animal out of its indigenous environment, salmon
in particular, and you transplant that fish to another stream, a
few will come back, but not at the high returns that result from
indigenous stock. If the hatchery raised stock was acclimatized
to the hatchery locale, you could get an instant success. The
first hatchery that was built in Alaska did not get their king
salmon eggs from Alaska but got them from Washington. Chinook
salmon eggs were transplanted from a hatchery on the Columbia
River. There is a very virulent virus, called IHN virus, in
sockeye salmon and every time you try to bring sockeye salmon
into a hatchery, you get an outbreak of this disease. This virus
is present everywhere in the natural environment that we have
looked where sockeye are, but Alaskan king salmon are apparently
immune to this virus. However, king salmon from Washington,
Oregon, and California are not immune to this virus. Some kings
returned to the hatchery, but they also strayed into all sorts of
streams allover the area. If these imports interbreed with a
wild fish are you going to tear down natural resistance to IHN
virus? I think we do have a management crisis on our hands. I
think you can manage a hatchery and keep your diversity high, and
I think you can do it by proper location of the hatcheries and
proper management of the broodstock.
SCOTT: As I see it the attendees are basically divided into two
groups, those that have their stocks pre-defined and are looking
for ways to discriminate between them because they've already
decided on the units to manage. Then on the other hand there are
those people that presented papers, who are looking to their data
to tell them whether or not they have separate stocks, and if
these units should be of concern to management. I fall into the
latter group. We are getting very good at discriminating
differences and as Saul Saila and others have pointed out, we're
starting to get to the level of individuals. The question I
have, after we discern differences, are those differences
important and if they are important, on what time scale? Brown
talked about the fact that the response time scale for a local
resource might be quite different than the response time scale on
an evolutionary standpoint and obviously it's different. I think
that in terms of fishery management we're concerned about that
local response time. I have looked to the geneticist first to
tell me what differences mean in terms of evolutionary processes,
and if we remove that genome from this population as a whole,
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does it mean anything in the long run? I guess that depends on
your assumption as to how things have evolved to their present
state. If we take a stochastic point of view then it probably
doesn't matter if you wipe out a genome, because it is equally
likely that something will come back and replace it. However, if
some deterministic force establishes the present state, then
removing the genome may be very important, because some selection
pressure is pushing us towards that divergence. I also wonder
what are the overall objectives. Are these objectives population
fitness, and maximizing genetic diversity? If they are, are they
somewhat contrary to more traditional fishery management
objectives, such as maximizing yield or production?
UTTER: Very little is really known about predicting what's going
to happen when you remove a stock or portion of it. About the
only thing that most biologists have to go on is what has
happened when stocks have been removed. I would think the
species dynamics of an area certainly changes. Obviously, when
stock removal occurs you sometimes have results that are indeed
drastic, but as far as I can tell they're unpredictable at this
point.
AVISE: I hardly know where to begin. You've raised so many
issues that are novel to the discussion. In a very fundamental
sense it's even debatable whether it is desirable to maintain or
contradict diversity in our world. That's a point of contention
and we certainly do have a lot of biological diversity, and I
find it wonderful to explore and to study and to marvel at. But
someone else might be perfectly happy with a monoculture
situation with very low diversity. There are alternative ways in
which a given pattern of partitioning of genetic information
could have arisen in the evolutionary process. One alternative
is that there were particular selection regimes or other zoogeo-
graphic barriers that might have in a deterministic fashion
molded the particular pattern that we observe today. The other
possibility being the stochastic explanation that simply involves
the sorting of lineages independently in a particular
determinism. The question is whether there are predictable ways
in which evolutionary processes work to mold the current data
distribution to genetic information.
SCOTT: The immediate time frame of interest is that local
response time for the group of individuals that we tend to
determine as a stock. In many cases it really doesn't matter if
they're genetically distinct or not, we have already
predetermined the units we are dealing with. I'm looking to a
data set or multiple sets to try and tell me if there is some
reason to try and segregate our distinct groupings or units. Do
we treat them as a single unit or do we treat them as separate
units?
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SHAKLEE: I'd just like to say I think there are two issues which
are very different in their time frames. The question of stock
identification as it has been presented, I think, at this
workshop deals with short term problems and short term questions
about how in fact you address management questions related say to
commercial exploitation which has implications today and next
year and for the next ten years. This question of maintaining
genetic diversity should be seen more in the context of a
thousand generations from now, not today or next week or next
year, and for that reason the criteria that you use and the
interpretations and the value judgements that have to be placed
on a particular data set are very, very different. I think that
it's important to make a distinction between the two kinds of
goals and the context in which the evaluation of the resource and
the decision making process is carried out. I think for the
management of fisheries you're generally concerned with much
shorter term processes than you are if you're talking about
maintaining genetic diversity in an evolutionary time scale.
HELLE: I think the point is that management decisions must be
made whether we can provide the answers or not. And so that's
why often we're under the gun looking at stock identification, so
we can describe a stock and say we're trying to do it in a two or
three year period. Whether we differentiate stocks or not, the
management decisions are going to be made from year to year for a
particular fishing season. Often the scientist is too
conservative with his opinion, and I think the manager needs a
broader scientific background to manage effectively, and I think
it should come from the scientist. Based on the evidence that we
know today, why not play it conservative? Why not assume that
all this evidence points to the presence of diverse stocks and
why not manage them that way until it's proven different? Often
it's the other way around, because it's more complicated to
manage on the basis of diverse stocks, managers assume that stock
units are all the same until proven different. I think we need
to turn that whole thing around and manage from the best
scientific information available and go from there.
BERT: I'd just like to question whether managing for genetic
diversity and evolutionary set versus managing for an immediate
issue in a pragmatic sense isn't somewhat of a moot point. Those
of us who deal in immediate fisheries management issues recognize
that social, political and economic problems so far outweigh any
defense of evolutionary quality in a management decision. I
don't think management will ever, or at least in the immediate
future, manage for genetic diversity, unless that question
becomes the most critical issue, which presumably is only in
endangered species.
COOK: I think that is happening in areas of agriculture now when
they are very, very concerned about the seed stock, the genetic
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stock for grains, for example. The decisions being made in those
areas are by people very atuned to the idea that the gene pool
has been dram~tically reduced, because virtually all grass lands
around the' world are plowed>under and are under agricultural
situations. They are very much interested in maintaining
resources for genetic diversity.
KUMPF: I just wanted to make one concluding point on this issue
and that is that we don't really manage stocks, what we manage is
people through various management measures. It is up to the
scientist and especially people like our plenary speakers to
provide the information so that managers can develop strategies
to manage the fishery and manage the people that harvest the
fishery.

I would like to spend a few minutes concerning the logistics
and support of this meeting. It really takes a team effort to
put on a meeting of this kind, to plan and organize and carry it
out. We had some eighty attendees, and I'd like to acknowledge
some of the members of this team that put the workshop together.
Some df the people that were involved in putting together all the
materials that you're taking home - Carol Parker, Rita Bloechel,
Nancy Butowski, Rosalie Vaught, and Lyman Barger who ran all the
audio visuals during this meeting, and also Gary Nelson, who is
doing the video taping. The organizing committee - Churchill
Grimes, Allyn Johnson and Gene Nakamura. And the conveners plus
Richard Shomura, our panel discussion moderator, who we decided
actually came the farthest to this workshop. I really want to
thank the plenary speakers. They set the stage on the first day
and then all the contributors should be recognized: they shared
their experiences the second day. And a special note of thanks
to our Canadian colleagues who came all the way down here to
share their experiences and expertise. We certainly are grateful
for that. But basic to the success of such a gathering is really
the mix of all the people that attended and participated. You
are the ones that deserve the credit for such a successful
meeting. Thank you.
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