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1 Introduction and overview

1.1 Introduction

e Introduction to fish population dynamics

e Different form of advice, data collection, etc.

e Available at http://www.tutor-web.net

1.1.1 Details

The documentation for this course is provided in severah&is: tutorial notes (PDF),
Tutor-web, and lecture slides. The PDF provides the leanaterial while the Tutor-web
page contains the quiz questions. Thus, it is my intent tbatwill read the PDF and then
take the associated quizzes on Tutor-web. The lecturesstigie be largely ignored.

Fish stocks are resources which are renewable if they areatlyrhandled. Obviously no
large stock will be harmed if only a relatively few individaaare caught from the stock.
Similarly it is clear that if all mature fish are caught befespawning, then there will be no
recruitment. Thus it is essential to ensure that there idfecigmt amount of mature fish
in the stock at each time. The problem is to find the apprapratidle ground where it is
possible to obtain good catches for a long time.

In the following pages an attempt will be made to go throughrttain points which relate
to the estimation of the size and productivity of fish and wlstbcks. Examples will relate
to models which have been used for the estimation of the sidg@eoductivity of stocks in
the Economic Zone of Iceland.

1.2 Some possible textbooks

Primary references

e Haddon: Modelling and quantitative methods in fisheries.afhan and Hall
(ISBN 1-58488-177-1)

e Terrance J. Quinn Il and Richard B. Deriso: Quantitative éighamics. Oxford
Univ. Press. (ISBN 0-19-507631-1)

e King: Fisheries biology, assessment and management. ngisdews Books
(ISBN 0-85238-223-5)

Alternative references abound.

1.2.1 Details

A large number of text books are available in fish populatipnainics. The”bible” of fis-
heries is the book of Beverton and Holt, but it is somewhagdlalhe primary alternative
reading for this course are the books by Quinn and Deriso grddadon, which are the
closest to the topic presented here. The book by King is alsxeellent read.



A recent book by Hilborn and Walters’ takes the reader in ghsly different direction,
emphasizing Bayesian and risk analysis approaches.

Totally different approaches are also available, inclgdine highly mathematical app-
roaches of Murray as well as the exact opposite descripppecach of Ross.

As far as this on-line course is concerned the tutorial nptesided on tutor-web.net,
should be sufficient. However, it is always useful to consalternative treatments of the

topic.

Some of the more important books follow:

1.3

Haddon: Modelling and quantitative methods in fisheriesaghan and Hall. (ISBN
1-58488-177-1)

Terrance J. Quinn Il and Richard B. Deriso: Quantitative fighamics. Oxford
Univ. Press. (ISBN 0-19-507631-1)

King: Fisheries biology, assessment and management.ngidtews Books. (ISBN
0-85238-223-5)

Beverton and Holt

Cushing: Marine ecology and fisheries. Cambridge Univ. $res

Diana: Biology and ecology of fishes. Biol. Sciences Press

Elliot: Quantitative ecology and the brown trout. OxfordildrPress

Getz and Haight: Population harvesting. Princeton Unis®re

Hilborn and Walters: Quantitative fisheries stock asseasn@hapman and Hall
Moss, Watson and Ollason: Animal population dynamics. @Greapand Hall
Murray: Mathematical biology. Springer Verlag.

Ross: Fisheries conservation and management. Prentite Hal

Royama: Analytical population dynamics. Chapman and Hall

Seber: The estimation of animal abundance. Edward Arnold

Wood and Nisbet: Estimation of mortality rates in stagexstired populations.
Springer-Verlag

Wootton: Ecology of teleost fishes. Chapman and Hall

Terminology

‘ Prefer "fish population dynamics and rational utilizati'fish stock assessments".




1.3.1 Details

Although it is a common desire to want to know how many fish atthé sea and therefore
use "fish stock assessment'it is a bit of a misnomer. The esigphaeds to be on how
the stocks can be utilized or on how their numbers and biorraskkely to develop given
specified conditions.

For this reason the preferred terminology is "fish poputatipgnamics”. The term "rational
utilization” of fish stocks is also a much better term thanh'Ssock assessments” since it
is rather useless to know the number of fish in the sea withooiwvikng the potential yield
of the stock.

Note 1.1.For the remainder of this course, the term "fish stock assasSwiill be restricted
to the actual estimation of stock size.

Remember that stock size is a relatively minor part and thainaerstanding of population
dynamics is needed in order to figure out a rational util@atf the resource.

1.4 Motivation, assumptions, methods

Things to keep in mind when providing fisheries advice:

e Purpose: Short-term advice, general understanding, grtemm view on utilizati-
on?

e Accuracy: In terms of advice, general trend/knowledge;lsgize, ???

1.4.1 Details

The handling of this topic is necessarily tainted by the thet one of the main tasks of
fishery scientists is advice on fishing. In this context, awclkdistinction must be made
between advice and management. Advice is intended for thasearge of fishing in order
for the managers to be able to make decisions with the besalleaknowledge about the
resource.

Fisheries advice comes in different shapes and sizes butomomsnonly attempts are made
to answer the question, "How will a particular catch regirfiec the future stock and yield
potential?". Therefore advisory bodies usually first tryagsess the size of the stock and
then to predict the consequences of different catch levels.

Naturally a manager may ask different questions,"How catoekse utilized in the long
run” or "What will be the likely consequences of a particudation on catches and the
development of the stock?". In some cases an adviser is &skedstruct an entire mana-
gement system. Such a system can be viewed as a computearpregrich inputs bi-
ological information and returns a quota, effort-days, thieo quantified management mea-
sures. The design of such a system must take into accounadifilale information about
the stock. In addition, the system must be extensively deséding into account the fact
that there is always considerable uncertainty in the eséiimisstock size at any given point
in time as well as in the initial biological information alable at the onset.

Long-term utilization of resources is commonly skimmed rowe largely omitted from
course content as well as annual advice on the utilizatiofisbf stocks. This issue is



crucial, however, since it is possible to set yearly catelewhich will seem reasonable
in the short-term but are catastrophic in the long run.

1.5 Typical stock areas, c.f. redfish

alh
uwk
uo

Typical redfish areas stretch across several economic zones

1.5.1 Details

The primary focus of most scientific research is first to obéei overall picture and later to
fill in detail. Thus, one should always begin by trying to urelend how a species behaves,
then how a stock is likely to respond to things like fishinggsiee, and finally, at a much
later stage, worry about stock components.

Ignoring stock components can certainly lead to problemsitlis much more serious to
go into such detail initially as it can render advice on th&aattion of fish stocks useless.

1.5.2 Examples

Example 1.1. When determining fisheries advice for redfiSebastes marinusnd S.
mentallaand others) in the central north Atlantic, one initially saters large areas,
such as the one in the figure, East-Greenland-Iceland-Fsleveals.

1.6 The physical environment

1.6.1 Details

It is of considerable importance to have some knowledge efdhiving forces in the
ecosystem. This includes the basic biology of the specidsding spawning grounds,
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larval drift routes, growth parameters, food supply, gahergration routes, etc.

Of fundamental importance is a knowledge of what drivesatem in these various para-
meters. For example, it is well known that physical condision waters around Iceland
have considerable influence on the growth of many specieslhaswon recruitment variati-
on.

Such issues need to be kept in mind when utilization is cenedl

1.7 Advice with ample data but no strategy

Cod in Icelandic waters 1993-94
Background:

e Biomassin 1993 estimated 630 000 t (640) and SSB (spawricl biomass) at
210 (230).

e Mean weight increasing.
e Maturity at age was high in 1993, but lower than in 1992.

e Average recruitment between 1985 and 1992 was only 128amiBi year olds
The 1991 yearclass had an average recruitment of 73 milligaa olds. The
long-term average is 220 million.

e Catches in 1993 were predicted at 230 000 t - 31% over advesed |

¢ Fishing mortality was far above F0.1 (a fishing mortality ihigh on 10% of the
marginal yield-per-recruit is harvested).

e SSBin 1994 only about 200 000 t (close to historical minimum)
Prospects:

¢ Increased likelihood of continued poor recruitment

e Biomassin 1994 at 610 000 t (historical minimum)
Proposal:

e Proposed catch limit 1993/94 150 000 t.
Later:

e 1994 adoption of formal catch control law

e controls and assessments failed

e controls and assessments were made more restrictive in 2007

1.7.1 Details

The type of advice give varies depending on the seriousrig¢le state of the fish stock as
well as the general framework within which the advice is giv€hus, in a situation where
there is no system to regulate catches, there is little m&rpoproviding recommendations
on reducing catches. There might, however, be reasons tadpradvice on the likely



catch in the coming years, given e.g. a continuation of tlesgmt effort.

When there is a system to regulate catches and there is acalsaof overexploitation the
advisers must give clear advice on catch reductions whidhmprove the situation.

In cases where there is ample data it should be possiblentaflyr estimate the status of

the stock and give future projections. It is then also pdesiindicate which catch levels
are likely to lead to an improvement in stock status.

1.7.2 Examples

Example 1.2. Cod in Icelandic waters had reached a severely depleteztstahe earIJ
1990s. At that time, it was clear that strong advice needée iven.

-

In 1994 a formal catch control law was adopted which set §roit the number of fis
harvested. Initially this appeared to work but later on (887) controls and assessments
failed.

The catch control law (CCL) was revised several times, ini@aar a more restrictiv
CCL was implemented in 2007.

174

1.8 Advice with poor data and no strategy

e Catchin 1992 was 94 000 t.
e CPUE (catch per unit effort) surveys indicated a 50% redunadt 5 years

e Catch of redfish has been declining

e Effort should be reduced and total allowable catch (TAC)tkahto 80 000 t.

1.8.1 Details

In many cases there is very little information available lba stock size. There may, for
example, only be length distribution data available whiobvles very little information
on the age composition or recruitment.

Even in data-poor situations it is the responsibility of tiséery scientist to provide basic
information on how the stocks can be utilized in a reasonatalener.

If there is information about aggregate catches and somexionéi total abundance, this
likely provides the means to make sensible statements dbhewstate of the resource and
likely directions.

1.8.2 Examples
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Example 1.3. Even at the end of the 20th century there was very little lgicial
information on the stocks of redfish in the North-East Atiargnd advice reflectetd
this lack of information. Specifically, around 1990 data peaes composition arourjd
Iceland did not exist.

The approach taken was therefore to provide advice whicth tingeavailable data, whi
was basically total landings and a survey index of total dlance. Given that the CPUE
in the available groundfish survey had declined by 50% in tieeipus 5 years, it w
clear that a continuation of such a decline would not camstian sustainable fishe
Hence the advice given was intended to halt the decline.

1.8.3 Slide Reference

MRI 1995 State of Marine Stocks in Icelandic waters 1994P%spects for the quota year
1995/96.

1.9 Advice in the presence of a strategy

Herring in Icelandic waters

e Agreed total allowable catch (TAC) was 20-25, which was a@commendatit
ons in past years

e Yearclasses did not last as long as predicted

e Large yearclasses: 1983, 1988, and 1989 sustained they/fisher
e SSB around 400 thousand t.

e Increased recruitment with increasing SSB

e TAC recommendation at FO.1 - 90 000 t. (implicit CCL)

1.9.1 Details

From the point of view of an adviser on fisheries, the idealagibn is when a formal
harvest control rule exists, including a catch control 1&C[). The CCL is simply a
formula which specifies what the annual catch should bepgive available data.

1.9.2 Examples

Example 1.4. Herring in Icelandic waters has long been harvested witlgetdishin
mortality of Fy1. This implies that the fishery scientist simply needa to eat th
catches corresponding to this level and that the total albdg/catch is the "advice".
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1.10 Certification

Current trends are towards "certification"

In all cases this means:
e Harvest Control Rules
e MSY (Maximum sustained yield) definitions

e Application of the precautionary approach

e etc

1.10.1 Details

International markets increasingly insist that fisheries"aertified". This implies that the
fishery needs to be able to demonstrate that it is biologisaistainable.

Requirements for certification are the same as FAO’s CodeatiGct and other internati-
onal agreements and definitions on what constitutes a sabtaifishery.

This course deals with these definitions.

1.11 Background information - Stocks, fleets etc

Stock units etc.
Population structure
Fisheries (meshes etc.)

Landings (total census, or sample)

Biological measurements (coverage, random, etg

=

Fishing vessels can be of all shapes and sizes.

Research vessels

1.11.1 Details

When considering the population dynamics of a fish stockethee a number of biological
concerns which need to be considered. Although not all (fefee crucial at all times, in
fact usually it is possible to get a general idea of stock dgreent without consideration
of all these issues, they need to be addressed eventuallg, $bhoner or later one needs
fairly complete information on the stock units and otheregrsp of the population structure.

Of greater importance is the fleet composition and the canofute fisheries. Each fleet
or gear tends to target a certain component of the stock, asispawning fish, large fish,
or small fish.

Sampling schemes for the purpose of understanding the dgaamassessing the stock
size need to take these issues into account. For examplplisgns often organized so as
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to adequately represent each fishery and/or landing site.

Finally, research surveys are frequently designed to dbwseentire stock or as much of it
as is feasible. Research surveys tend to be the most expeyition of applied fishery
science around the world. Research vessels are designédidrablely for the purpose of
conducting surveys, which in most cases means monitorifiglogtocks.

1.12 Stock units and structure

Stock units:
e Need to know stock identity
¢ If many stocks or a substock, then ...
Population structure and biology:
e Age composition/Length distribution
e Growth

o Maturation

1.12.1 Details

Biological details eventually need to be considered noy émi the purpose of sampling
design but also in order to understand the population dyc&mimore detail.

Examples include the stock units: If there are several sgkst then in principle it may be

important to know whether a substock is being overfished imallsarea. This might not

be seen in a total stock estimate or in a global measure odaimee from a data set using
the entire area.

Similarly, the maturation process is a function of many aflés and for some species the
onset of maturation has a major impact on subsequent grawthis case it is important
to know whether the maturation process is affected by fisarr@her human activities.

In spite of all such complications, it must be kept in mind latienes that the important
aspect of both stock assessments and fish stock utilizatienges is to have an overview.
Many issues such as whether there are several spawningoloeatr the food supply is
variable is often dwarfed by simpler facts such as a seriwadighing situation.

ReferencedSBN: 1584881771

ISBN: 0195076311

ISBN: 0852382235

Beverton and Holt

Cushing: Marine ecology and fisheries. Cambridge Univ. $res

Diana: Biology and ecology of fishes. Biol. Sciences Press

Elliot: Quantitative ecology and the brown trout. OxfordildrPress

Getz and Haight: Population harvesting. Princeton Unis®re

Hilborn and Walters: Quantitative fisheries stock asseasn@hapman and Hall
Moss, Watson and Ollason: Animal population dynamics. @Grexpand Hall
Murray: Mathematical biology. Springer Verlag.
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Ross: Fisheries conservation and management. Prentite Hal

Royama: Analytical population dynamics. Chapman and Hall

Seber: The estimation of animal abundance. Edward Arnold

Wood and Nisbet: Estimation of mortality rates in stagetdtired populations. Springer-

Verlag
Wootton: Ecology of teleost fishes. Chapman and Hall
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2 Collecting data for direct monitoring

2.1 Monitoring a resource

To understand the ecosystem you need to monitor it

4

To monitor it you need measurements

4
The preferred measurements are catches in numbers at agaraag index. Otherwisg
use dynamic age-structured production models etc. Cannlgeasurvey index, only
CPUE data etc.

4

Must have consistent and annual sampling

4

Data needs to be stored in a consistent format

D

2.1.1 Details

It is impossible to draw sensible conclusions without dataing simple statements from
textbooks or general theory tends not to be useful and isoféey misleading.

In particular, a prerequisite for understanding the bedrasi an ecosystem is to monitor it.
For this purpose routine measurements are needed.

In this section a short description will be given of measurata commonly made for the
purpose of monitoring fish stocks.

The simplest data for monitoring the health of a resourcéstise form of total counts or
weight of the catch taken in some standardized fashion. ,Tdnescan record the amount
caught on average each year through the use of a specificrgaanimber of locations.
This provides an index - a measure of how the stock changeaéend will be considered
in more detail later.

The best possible data for stock assessments are catchiespfeirmation on age and
length composition along with survey indices (preferabisoawith age and length in-
formation). The simplest methods for such data are called-M&sed methods and are
extensions of the original Virtual Population Analysis ofiland (1965). More recent
statistical methods are preferred, and it is through thestbaals that it can be verified how
important the various data sources are.

If catches cannot be aged, production models are commoaty. \&uch models only need
information on total catches in tonnes along with a survelexnof abundance of comm-
ercial catch per unit effort. In order to estimate abundaraeproductivity it is necessary
to have measurements which relate to the stock size in someltia rarely possible to
estimate the abundance of a marine species directly, @thexceptions exist such as the
measurements obtained with acoustic surveys of pelagi@afidhcounts of whales. Even
in these cases, however, there tend to be unresolved issuels imply that these mea-
surements may be best treated as indices of abundancetrathexrs direct counts.

The most common situation is therefore that measuremeatnade of quantities which
are only indirectly related to the stock size. The matherahtnodels must thus connect
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the measurements to the stock size and statistical tectmarye used to estimate unknown
parameters in such models.

2.2 Catches (landings): Notation

Notation for landings data:
Y =catch (yield) in tonnes (or 000 t)
y = year (integers, 1985, 1986 etc.)

For example,
Y1986 OT Y85
Yy =total landings in yeay

2.2.1 Detalils

In order to estimate the amount caught or landed in a given geae sampling scheme
is needed. This sampling scheme needs to take into accoaswrsd differences in the
fishing process, landing sites and so on.

Definition 2.1. Notation for landings data
Y =catch (yield) in tonnes (or 000 t)
y = year (integers, 1985, 1986 etc.)

For example,
Y1986 OF Yg5
Yy =total landings in yeay

The catch figures are a very important basis to understareffdats of fishing on the stock.
These numbers are usually a key component in the estimdtitie gsize and development
of fish stocks. This is not always the case, however, and theseédirect measurements of
stock size. Such methods will not depend on the existencatohdata.

Catches or landings data alone are never sufficient infeomatbout stock size. For
example, landings may be at a low level for economic reaswes though the stock is
in good shape. Similarly, catches can be maintained at alkigh right up to a stock
collapse for many pelagic stocks.
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2.3 Linking data to advice

Short-term catch depends on the
¢ type of gear, timing, and form of targeting
e spawning vs juvenile components
e large vs small fish
e mesh size or other regulation
Longer-term effect on stock depends on
e typical effort expended

e type of gear/mesh size

2.3.1 Detalils

It is quite important to set up sampling and estimation stigs for catches that provide an
overview of catches by gear, fishing area, and season. ydaad should also have some
idea of how the catches are separated into spawning andilereemponents, though this

is sometimes either a consequence of location or estimated hiological data sampled

from the catches.

Of course it is highly desirable to obtain reliable data idesrto draw reliable inference.
However, data may, in some case, not be particularly re@jadotd it may be necessary to
make some statement about potential yield or consequehfigising from this sort of data.
In such instances attempts are made to investigate howtisengisults may be in terms
of changes in assumptions of variability in the input dathug, the approach may differ
somewhat from the formal statistical methodology, where will not draw conclusions
unless there is a "significant” relationship.

In fishery science one may need to give appropriate recomatiend, sometimes in situati-
ons where the data are very poor indeed. It follows that onaldmot think about estimati-
on of catches or biological sampling of catches as a puralyssital issue. Rather, it is a
part of an entire advisory process which can handle dataathéerent levels of accuracy.

The types of advice to be given can be from rough guidelindsog-term yield to short-

term predictions of appropriate catch levels. These diffequestions imply varying levels
of data requirements.
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2.4 Traditional fisheries advice - data flow chart

Catch

Lengths

Ages

CPUElsurvey _> /
— Traditional data flow chart of fisheries

data. One or more data boxes may be missing.

2.4.1 Details

The approaches to fish stock assessments vary consideegd@pding on data availability
and the purpose behind the assessment. In the straighdfbcase of annual assessments
with annually collected age readings of high quality, thegesss is as follows:

Each year, datais collected by estimating the amount Igradienlg with biological sampling
from the fishery and surveys.

Traditionally, the biological samples from the fisheries ased to compute the catches in
numbers at age (along with various other important indisagach as mean weight at age).

The survey (or catch per unit effort from the fleet) data palesiinformation on the relati-
ve stock status, in the form of indices of abundance. Sitgjlanderwater visual surveys
provide indices of abundance which can in principle be usetanitor trends in abund-
ance.

Acoustic measurements and sighting surveys (counts) ofestae of a different nature
from the most common (indirect) measurements of marine alsinthen used as absolu-
te abundance measures. Such direct measurements, whicimgiple provide absolute
counts rather then indices, will not be covered in any delait they can also be used as
indices, i.e. in the same manner as any other survey data.

The same applies to tag-return data. Such data can be ektrienpertant, but have mainly
been used to obtain information on migration between region

Many of the above monitoring methods are commonly scaled give an absolute mea-
sure of abundance. Thus, in principle one can scale resoits &n underwater visual
survey to obtain an estimate of total abundance. It will msbaowever, that this is a very
dangerous procedure and will almost never be recommended.

Most commonly the assessment process consists of annaalalkction followed by data

summaries for each annual data set. The data summariesbsegsently used with mat-
hematical models of the population dynamics to estimatstite of the stock and provide
advice on its utilization.

In many formal statistical assessment models the procextumenonly deviates a bit from
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the above in that the data tend to be used in less of a sumnrany Thus, length distributi-
ons are typically only used in simple summary form, not r@iethe catches. Each such
data set is simply used as a different piece of informatianso-called likelihood function.

2.5 Fisheries advice using generic data sets

Recruitment indices
Length measurement ts
Landings
CPUE/Survey indices

Short-term predictions;

Medium-—term predictions

Data collection, stock assessment and predictions. Blaetde data col-
lection, red the assessment phase, and black the predidtase.

2.5.1 Details

Note that when only basic data sets exist, the need for famodklling increases. In recent
decades the trend has been to use formal statistical afpy@®athus, for any combination
of data sets one first writes down an internal model desgithe population dynamics,
predicts the data, and subsequently finds the values of wirkparameters which best
predict the data.

Note that internal models may include several processeshwda@n not be measured. For
example it is quite common to explicitly model age even ifréhis no age data. This "in-
ternal model"is usually a forward computation or "simwatmodel".

In order to make specific statements it is usually importaritave actual data relevant to
the question at hand:

e For the effect of fishing you need data on catches
e For stock trends, stock size/trend data should be used
e For prediction statements it is best to have recruitmera dat

One may be able to evaluate historical trends without angui@eent information and
one may be able to evaluate the current exploitation rateonttdata on catches or effort.
However, these data will be needed if one is to do reasonabtigbions or provide mana-
gement advice on the effect of reductions in catches orteffor

The full procedure can be summarized as follows:
1. Write a (mathematical) description of stock dynamics
2. Combine with available data for an assessment
3. Add short-term prediction (with uncertainty) of actions

4. Evaluate medium-term effect of actions
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2.6 Catches or landings

Knowledge of landings is essential in most cases

Census is the "accepted practice"

Can also (randomly) sample from chosen vessels (cheapescametimes better

Difficult to do any monitoring or control without knowledgé catches

2.6.1 Details

Note 2.1.The terms "catches"”, "landings"and "yield"will be usedeichangeably in this
course. Naturally, catches refer in principle to the acaumabunt caught whereas landings
refer only to the amount brought to shore, the differencadpdiscards.

In cases where there may be serious discards, these nee@stirbated. In cases where
the discards are unknown, deviations from assumptions eanviestigated by exactly the
same methods and are used to investigate the effects obla@nd unknown) natural

mortality.

Note 2.2.Finally, "yield"in some circles refers to economic yieldtbhroughout this cour-
se it will simply be a synonym with catches and landings.

The catch figures alone do not say much about trends in th& stoits yield potential.
However, it is clear that if a stock has given stable and g@wches for hundreds of years,
then it is likely to continue to do so. On the other hand, ita$ possible in the short run
to see whether the stock is being reduced by increased effaeichnological advances.
In order to separate these effects, it is imperative to adiaither information and it is
important to have data on the age composition of the stoakgalgth the effort or catch
per unit effort along with survey information.

2.7 More on catches

Offshore W Inshore

000 t
oco8888838

64 66 68 70 72 74 76 78 80 82 84 86 83 90 92 M
Year
Catches of pandalid shrimp in Icelandic waters, separated |i

offshore and near-shore (inshore) catches.

2.7.1 Details

This example clearly shows how importantitis to have appabg data collection schemes.
In this case the stocks are very different and it is importaiknow how the fleet changes
behavior.

The fishery on the near-shore shrimp stock started in thel@#8s and provided steady
but rather low catches throughout the remainder of the cgn@ne reason for the stability
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is that the presented data is the sum of a number of smallemnggach of which is quite
volatile.

The offshore shrimp fishery is of a completely different mafubeing based on larger
vessels capable of fishing in all seasons and most weatheregg

2.8 Research surveys

e Research vessels or other CONSISTENT and
ANNUAL abundance measurements

e Usually designed to give time series of abund-

ance, to be related to population trend
68

e Typically selects more age groups than com ¢
ercial catches - e.g. catch younger fish th

fishermen & i
o Need to cover stock distribution el
63 4

e Want to be able to predict future recruitment g; |
-28 -23 -18 -13
e Design is important! Define fishing gear anu

timing based on biology of the species

e Prefer age information but can use length-
based or aggregated

2.8.1 Details

Note 2.3.The use of a standardized bottom trawl on a research cruisdeiged to as a
groundfish survey or a bottom-trawl survey. The trawl is usedxactly the same way
every year and measurements are made of its contents frani@®ac

The bottom trawl is not a sacred gear . It is possible to useragbar and obtain similar
indices, but it can be difficult to, for example, to use a lomglbecause its catchability
depends on food supply while gillnets will select for specsize groups of fish.

Alternative methods include Underwater Visual Surveys 8yMusually conducted with
divers but potentially also using Autonomous Underwatdrnidles (AUVS). In principle
these give absolute stock estimates but several sourcessad variability exist and these
must be considered for these as well as any other surveys.

Whatever method is used, standardization and consistea®saential. A survey needs to
be conducted in exactly the same fashion for many years ierdodobtain a view of the
dynamics of the stock.

A survey which is only conducted once is useless as therdlisngpto compare with. Two
years of data will not say very much either since the variighih the survey tends to be
high and can only be estimated or seen after more years hasega

If the fishing gear used in a survey is changed from one yednameéxt, then that will
typically render the survey useless as well. At best sonmat in the change in efficiency

21



of the survey gear can be made but these estimates tend tatéénaqccurate.

In some cases a measure of total abundance is obtained bplying the average amount
caught by a number which should indicate the catchabilitheffishing gear. This practice
has been largely abolished since it has led to many seriooisen real situations.

In addition to the above issues, surveys are a useful toabwge biological data sets in a
fishery-independent manner, as seen in following sections.

2.9 Survey indices

Bottom-trawl surveys: Obtain standardized cat
per-unit effort

Abundance indices: Should reflect trends in .,,
size

- i :" prid
An Icelandic research vessel

2.9.1 Detalils

Note 2.4. Abundance indices simply refer to some numbers which argetlaelated to
stock size.

One would expect that the catch per towing hour in a groundfiskiey using a bottom
trawl should represent a proportion of the total number effteh in the sea, at least for
those fish species which normally stay close to the bottom.

The catch in each tow during a survey will be very highly vialea Thus, it is important to
take a large number of tows in order to reduce the varianckandsulting survey index.
The statistical issues to be dealt with in this context atitequell known and the primary
issue (apart from standardization) is always to obtaindngelst possible number of tows.

Increasing various measurement types from each tow doekehptthe accuracy of the
index - only increasing the total number of tows can redueevtriability. In some cases
modelling approaches have been used to reduce the vasgiainewhat, but this will tend
to be minor compared to the overall sampling error.

2.10 Data storage

e Must use consistent data storage "rectangular tables”

e Standardized for all species

e On an institutional level not the individual researcheelev

e Easy extraction of all years into one file

e Easy combination e.g. of length and abundance information
e Formal data base (e.g. MySQL or PostgreSQL - both free)

o Not Excel, not Access

22



2.10.1 Details

Some of the principles involved when setting up a data stosggtem include:
e Must use consistent data storage
e Standardized for all species
e On an institutional level rather than individual researdbeel
e Easy extraction of all years into one file
e Easy combination e.g. of length and abundance information
e Formal data base
¢ Not Excel or Access

It is amazingly common that entire institutes may have nafdrstorage system. This is
all the more surprising in light of a few facts:

e Data storage systems are available for free

e If data are to be useful they need to be accessible

Accessible means centrally accessible, not just on onepagmputer

Standardization of the data sets for different years is thlg way to sensibly do
computation

etc. etc. etc.

2.11 Basic designissues

Common design criteria include:
e The distance betweenandp should be no greater than
e The confidence interval width should be no more than
e The standard error of should be no more thah

Fisheries data rarely satisfy the assumptions!

2.11.1 Details

Under simple random sampling from a Gaussian distributiih known variance the con-
fidence interval has widthZ_, ,0/+/nand itis not hard to see that to get the width of this

belowd requiresn > (221,0(/20/6)2. This is detailed somewhat below.

Note thatfisheries data do not satisfy these assumptiohsFor that reason alternative
approaches need to be considered. The methods below arel atgop however.
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2.11.2 Handout

If simple random sampling applies,data points come from a Gaussian distribution, and
the varianced?) is known, a confidence interval is obtained with

X+ Z1—:::(/20/\/ﬁ
The width of the confidence interval is
2z)_q/20/+/N

Commonly,a = 0.05 is used and then_ » = 1.96.
The standard error of the meandig,/n.

Some design criteria include
e The distance betweenandp should be no greater than
e The confidence interval width should be no more than
e The standard error of should be no more tham
e The coefficient of variation (af, in %) should be no more than

Confidence interval width criterion:

22)_/20/v/n<d
= N> (22 4/20/3)°

Distance betweer andy criterion:

21—01/20/\/ﬁ <o
N> (21020/0)

Standard error of criterion:
o/Vn<d
= n>(0/d)?
CV criterion
100- (6/ /) /p< 3

= n>(100-0/(ud))?

References
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3 Use and design of biological samples

3.1 Biological measurements from catches

When collecting biological measurements from catches eeesto consider...
e Coverage: Needs to be representative!

e Randomization: Must not select for large fish, for example!

MUST HAVE A DECENT SAMPLING SCHEME
If not: Need totally different techniques for control, bbebry still applies

Ideally: For each individual in the sample one would gathner following pieces of
information:

e Length
e Weight
o Sex

Maturity stage

e Age

3.1.1 Details

The fundamental measurements taken from biological sangbleatches are length mea-
surements and age determinations.

Since length measurements are more cost-effective thag adish, more length samples
are taken than age samples. For this reason attempts aretmeslsord as many age-
specific attributes as possible. For example, fish are cotymagighed, their sex organs
are weighed, their fat content is recorded, as well as otwtof which are relevant to the
understanding of the stock in question.

3.2 Length measurements

Length measurements can be obtained at a minimal
cost from most fish stocks.

Usually, lengths are measured on a measuring bq
and simple counts are tallied as the measurem
progress.

Y

A better strategy is to simply record individui
measurements. In this case one commonly
records sex, maturity stage, weight, etc.

Try to take random samples!!
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3.2.1 Detalils

Length measurements can be obtained at a minimal cost frosh fisb stocks. Usually,
the lengths of fish are measured on a measuring board andesooyphts are tallied as the
measurements progress.

cm
12
13 |
14 |
15 |
16 |
17 |
18

19 ||
20

For this reason it is possible to obtain very large numbetsrajth measurements at a low
cost.

However, the length measurements do not provide an infinmieuat of information. For
example, although it is clear that increasing the numbegradth measurements will provi-
de a very clear picture of the length distribution of the gapan, it does not follow that
this increases knowledge of the age composition, growtbthaer factors.

Similarly, care must be taken in how the fish are sampled faggtlemeasurements, as with
any data collection. For example, measuring a large numitfestofrom a single tow will
provide little information about other tows, even adjacames.

Sometimes fish are pre-sorted into size groups. This rexgjgpecial attention.

3.2.2 Examples

Example 3.1. Sample data sets can be input into R using

dat<-read.table("http://www.hi.is/“gunnar/kennsla/alsm/data/set103.
dat" ,header=T)

A length distribution can be obtained with
table(dat$le)

Note, however, that the zero-frequency lengths are missitige resulting table. In ordér
to obtain a table with those, one needs to set up an initigtkedistribution with all the
length classes but zero frequency. The nonzero counts bBseguently inserted in the
appropriate places.

ldst<-table(dat$le)
full<-rep(0,120)
names (full)<-1:120
lens<-names (1dst)
full[lens]<-1dst

Note that in this R example, the length distribution is ineléky the names of the cell§.
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3.3 Age readings

If there are age markers (rings), then one can sa
randomly from catches to obtain the proportion
fish in each age group. To accomplish this a rand
sample is needed with good coverage of space
time for each gear type.

3.3.1 Detalils

Even in species where we may not be able to observe cohogtg fdahm a fundamental
concept since every fish ages each year it survives. The agelps a natural basic time
unit and is an easy way to describe growth and other suchdc@bparameters.

Since age readings are much more difficult to obtain than otbset measurements, attempts
are usually made to record many attributes for those fishdratage determined. For
example, these fish are commonly also weighed, the sex oeganseighed, fat content
is recorded as well as other factor which are relevant to ttierstanding of the stock in
guestion.

The fish population dynamics are fundamentally affectedhieyage structure of the pop-
ulation, whether or not these ages can be measured. It efthheressential to consider the
basic age effect, and at a later stage one can consider hew ¢ffects can be estimated
without direct measurements.

3.3.2 Examples

Example 3.2. The figure above shows the hard part of a haddock known as dkith
The otolith is put into resin and then sliced. The rings asnttounted to determine age.
Thus, the haddock pictured is a 4 year old.

3.4 Main biological measurements

Typical data on each fish
no le wt sex mat age
1 145 125 O 4 3
2 150 130 O 5 3
3 145 120 O 4 3
Must be stored consistently with information on locatioeag time, etc.

3.4.1 Details

When sampling for age, the main biological measurementsisually set up in a simple
table, one fish per row. Given the importance of length (Ieight (wt), maturity (mat),
sex and age, these data should always be collected for esbrydimpled.

It is fairly well known that if age data is available, thendgh data adds little information to
a data set of this form. Further, simple random samplingdesas in almost all cases better
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than attempts to stratify and take a fixed number of age rgadimom each length group,
for example. Such a stratification also completely destemysstatistical properties of the
data and should be avoided if at all possible (sometimes shehfave already been sorted

at the landing site and in this case it may be unavoidablestrtéo stratified sampling).

3.4.2 Examples

Example 3.3. The table below contains a subset of the recorded informaiio 50|
capelin which was taken from in a single sample on a reseauibec The entire datas
can be found at:

http://tutor-web.net/fish/fish5101fishsci/lecture3@éndat

The table contains examples of the main factors which arerded when fish ar

sex (O=female, 1=male), maturity stage, and age. A recgrdinl indicates that th
corresponding item could not be recorded.

All capelin in this sample were mature, which is seen from fiet that the maturit
stage is always greater than 1.

and the length-weight data plotted using e.g.

mat<-read.table("http://tutor-web.net/fish/fish5101fishsci/lecture30
/base.dat",sep="&" ,header=T)
plot (mat$Length,mat$Wt,xlab="1length(cm)", ylab="weight(g)")

a}
C

11%

taken for age determination. This contains the length ofidte(in cm), its weight (g)L

If these data are stored in a rectangular file with a simpleé&eshey can be read intojR

3.5 Still other measurements

Other measurements include:

Liver weight

Fat content

RNA/DNA ratios

Size and number of eggs

e Backcalculated growth

o And others

3.5.1 Detalils

t

Various other measurements are made and are often infeeratout the species under
consideration. However, few of these measurements havarangeon the major issues

involved in the analysis considered here.
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4 Basic analysis of data

4.1 Length distributions

m +
e Basic analysis: Count number in each len¢ = ®
cell »
20 |
e Weight by catch in each stratum - or towir 0 g : '
. 0 10 20 30 40
tlme etC Carapace length (mm)
Carapace length of Northern shrimpandalus
borealisin Icelandic waters.
4.1.1 Details

Length measurements are aggregated into length distritsitvhich reflect the number of
fish,L, , in each length group. Usually the length distributionssareh that it is possible to
identify the youngest, 1-3, age groups but the oldest agepgrbecome indistinguishable.

4.1.2 Examples

Example 4.1. For species such as shrimp, which are difficult to age, trereally n
alternative but to measure length for a large number of iddads.

In the case of Northern shrimpandalus borealisin Icelandic waters, it so happens that
the species lives for a number of years. Growth is sufficydiagt so that each yearclgss
has a peak within a length distributions. Thus, yearclassese visualized from a lenggh

distribution, as seen in the above figure.

4.2 Length-weight relationships

"""""""" Weight of capelin plotted against length.

4.2.1 Details

There are two principal methods to obtain mean weights. Tiseif simple, based on
taking a substantial number of fish from the catches and cangptheir mean weight. For
example, it is common to weigh a number of boxes and count @éhésots or to weigh
the length samples themselves. Usually, however, atteanptsnade to weigh individual
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fish and ideally to weigh the same fish as are later taken fodaggmination and length
measurements. In such cases it is easy to compute the megint wéfish in the catch.
Such samples can also be used to investigate the relatobstween weight and length or
to compute the mean weight at age directly, particulariyhé& individual fish are sampled
at random.

The more complex method is based on an initial estimate afigtlheweight relationship.
Such methods must be used when, for technical reasons,at ossible to weigh indi-

vidual fish or in some other way to obtain easily the averagghtef fish in a sample.

The length-weight relationship is found by taking a samglést which are individually

length-measured and weighed. This usually shows a very gghationship between length
and weight.

Definition 4.1. Length-weight relationship estimation

w=alP

After such a relationship has been estimated, its stabiitityn year to year is verified. If
the relationship is reasonably stable it is possible to bsesame relationship for several
years, which may result in considerable savings in weigfigig particularly at sea where
considerable sampling is undertaken.

For a given length-weight relationship it is possible to poante the mean weight across all
fish sampled in yegr

Definition 4.2. Mean fish weight for a given length-weight rehtionship:
Sal BL|
—

W, =
y IZL|

4.3 Age composition

e A stock consists of age groups (cohorts)

e Need to think in terms of cohorts which are
caught, grow, mature, spawn, and die.

e If there are age markers (rings) on hard parts,
then one can randomly sample the catches tg
obtain the proportion of fish in each age group

¢ Need random samples

e Need good coverage in space and time by gear
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4.3.1 Detalils

The age reading samples can be used to provide a count of theemwf fish in each
age and length cell. This is usually set up as a length-byk@ggiency table where the
elements in the table may be denoted Vth.

Definition 4.3. Length-by-age frequency table notation
Kia=table element

a= age of the fish

I=fish length.

For example, the number of fish age 3 and 12 cm long is derategd

These numbers can be added up within a length group to oKtaiThe "dot” here, as
usual, indicates that summation has been performed ovepthesponding variable).

It should be mentioned that if samples taken for age detextioim are taken at random
from the collection of all landed fish then the proportion ghfin each age class can be
estimated.

Definition 4.4. Proportion of fish of agea in yeary:

p _ & _ XI:KIa
@ K. ZKIa’

la’/

This method of computing proportions is sometimes consitiéo be undesirable since
there may be considerable variation in the otolith samplesarticular it is difficult to
obtain adequate samples of the older (and longer) fish utllesse are specifically sought
out in the sampling, making it non-random. Therefore lerdigiributions are sometimes
used to improve the estimate. In this case better estimaagsom obtained for the older
fish (at the cost of reduced precision for the younger or mou@dant age groups), butitis
no longer possible to use the age samples alone - they canmipweused in conjunction
with the length samples.

4.3.2 Examples

Example 4.2. The above capelin example may be combined into a table wiels the
number of fish by age and length, such as in the following table

http://tutor-web.net/fish/fish5101fishsci/lecture4@#gngth-table-from-capelin-
otolith.dat

taken in the second part of the season, i.e. during the Jahianch period). It is als

This table shows that the sample contains mostly three ydarapelin (the sample w1s
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seen that three year old capelin can be from 13 to 16.5 cm |g@ihg. example sho
that when a year-class dominates a fishery, then the lengttvah for that year class cdn
reach as far into the upper length groups as an older age giamg The reason is thiat
there are more three year old fish than other year classesthiBaeason it is usuall
desirable to obtain measurements of age as it would otheragsdifficult to see th
there is more than one year class in this sample. The lasinitiee table containg
and the rightmost column contaiks;.

~—+

This table can be obtained in R by using the following comnsand

http://tutor-web.net/fish/fish5101fishsci/lecture4@&lan-age-length-from-otolith.r

4.4 Age composition from age and length data

e May have age samples stratified by length

¢ Need to use length distribution with an age-length key (ALK)

4.4.1 Details

The information from the age samples and length measuraensantbe used together to
compute the mean length and proportions in each age group.

Definition 4.5. Age-length key equation
In the age samples, length groupomes from the various age groups in such a waygthat

the proportion
Kia

Ki.
of length groud is in age groug@.

Note 4.1. Tables comprised of the proportion of known age fish in a paldr age-length
group is referred to as an age-length key (ALK).

It is natural to expect the length distribution to be splibithe age groups in the same way.
Thus the otolith/scale sample is used to separate the legjtibution into age groups and
obtain an improved estimate of the number of fish ofaged lengtH .

Definition 4.6. Age-length distribution equation
Estimate of the number of fish of ageand length from length distributions separatgd

by age groups:
, _ Ka
Kia = K L

Note 4.2. The revised numbers, called the age-length distributidtD(j are then used to
compute the proportion in each age group as well as the megthlat age, as was done
earlier.
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Note 4.3.An age-sampling scheme which takes, as a basis, some meitttaétihg a fixed
(or target) number of fish per length group for ageing is cdiagth-stratified.

Given an average weight it is possible to compute the totaiber of landed fish by di-
viding the mean weight into the total landings in tonnes. Witiee total number landed
is known, along with the proportion in each age group, it isgdole to compute the total
number of landed fish in each age group.

4.5 Catches in numbers at age

To estimate the number of fish caught the following steps angpteted:
1. Determine the proportion in each age group from age sagfh)
. Obtain the total weight landedl )

. Weigh some samples to obtain mean weight of fish in the eatf)

2
3
4. Calculate the total number landeZi£€ Y /w)
5

. Use the proportion in each age group to compute numbeght{ly = psC)

45.1 Details

When the mean weight has been computed it is also possibtaipute the total number
of landed fish. This is obtained by dividing the average we{gk) into the total catches
in tonnes in yeay (denotedy)).

Definition 4.7. Total number of landed fish
Y

Cy==
Yy
Wy

The total count needs to be age determined and this is doneihg the earlier obtained
numbers on the proportional splitinto age groups.

Definition 4.8. Age determined total landings

Cay = Cypay

It should be noted that although the year has not been sg@lifindicated in the age
determinations and length distributions, such measuresveee always conducted within
each year, or even within a part of a year. In fact, attem@siaually made to separate the
catches-by-age by gear, seasons, and major oceanic ateasotdl catch in numbers by
age is then computed by using simple addition.

45.2 Examples
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Example 4.3. These computations are often added to the capelin tablesli&sdat
resulting in the following expanded table:

http://tutor-web.net/fish/fish5101fishsci/lecture4@@mxded-age-length-table-from-
capelin-otolith.dat

the mean length of four year old capelin (16.0 cm). From thssdlear that if mean leng
at age is to be considered for age groups which are rare iratobes (for example po
year-classes) or are being considered outside traditfsthg grounds, a consideral

year old capelin to obtain a decent estimate of their meagtterthen 50 times mo
capelin would be required considering the above exampl2500 capelin.

4.6 Other measurements

This example is unusual since the mean length of a five yegi16l& cm) is lower thaf
r

Mean weight at age of cod in Icelandic waters

age groups in 1990. The data was obtained from sampling cociaheatches.

le
sampling effort may be needed. In particular, if it is dedite obtain 100 or more fi\:E

Py

4.6.1 Details

Although length measurements and length-age combinadi@nsiteresting, it is usually of

much greater interest to consider growth in weight and haraght at age is needed.

4.7 Comparing mean weight at age

m':ﬁ'
7000 ™ Y
G eooo M1%92
T 5000+
o
m 4000
m 3000
2000 4
1000
4 5 6 7 8 9
Aldur

I1-Cod: Mean weight at age in catch.
Repeated measurements permit the comparison of weighe &cagss years and age groups.
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4.7.1 Details

Having obtained weight at age the next step is to obtain a semes of such numbers.
They can be compared as a time series for each age groupdieegivironmentally induced
changes in growth), as a growth curve by tracking a cohodsdristograms of several age
groups and years, to obtain information on factors which itmayresent by year and/or
age.

4.8 Mean length at age

Can compute mean length at age from

e Raw data

e Age-length key and age-length distribution

4.8.1 Details

As with the proportion at age, it is simple to compute the agerlength within each age
group.

Note 4.4.The mean length is simply defined as the sum of all lengthsléd/by the total
number of measured fish (within the age group).

If the raw lengths from simple random sampling are availatilen the computation of
mean length at age is simply computed as the average of tgthlereasurements within
each age group.

In the case of data grouped into counts for each age and leettlthings become a bit
more complicated. In a given age groap,there is a total oK), fish measured of length
Therefore the sum of all their lengths is given wik,.

Definition 4.9. Mean length for count data
Ka - ;Kla

la=

The equation seems more complex than it really is, sinceishssmply a mean length
computed as a sum of lengths divided by the total number.  Thasiumerator is the sum
of the contribution by each length group and the denominatitre total count.

When the the data on ages and lengths have been stratifieddif lgroup, the age-length

table needs to be recast by turning it into an age-length kedycarrected with a randomly
sampled length distribution.
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4.9 Alternate data grouping

70 -

[« - -79
— 80

81

82
—83
—84
0 —————T oy 85

3 45 6 7 8 9 1011 12 —38s6

Millions

Age
Each line in the above figure corresponds to the catches pver

time from a single cohort.

4.9.1 Details

Although it is useful to consider the catches in number byiagegiven year, it is much
more informative to track cohorts, i.e. to follow, year byayethe number of fish landed
from a given yearclass.

When this is done, and several cohorts are plotted togethaear picture emerges of the
relative abundance of each yearclass, in relation to theddance of adjacent yearclasses.

These data form the basis of age-based assessment pracedure

4.10 Age composition summary

Age-specific catches are the single most important sourcefofmation on
mortality in the stock!

No other measurements can substitute for good age compusiti

e Hence we often try to obtain these through alternate meahsrié¢ are no annuli

=0

But if no age readings are available it may be better to usebaged models o
length compositions

4.10.1 Details

The usefulness of the age composition of catches can notdyermphasized. These data,
when available with some accuracy, provide more infornmata the state of stock and
mortality than any other source.
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5 Sampling

5.1 Designissues

The variance vs mean relationship for an estimated praporti

5.1.1 Details

Length distributions are basically count data, as are thebau of fish at a give age if
simple random sampling is used for age readings. In the desienple random sampling
from an entire population of fish, the number of fish in a givge ar length cell should
follow a binomial distribution. This implies that the prdibty of obtaining exactlyx fish
in a given cell is given by binomial probabilities:

w0 = () i1 p) "
wherep is the true population proportion in the cell.Fisheriesadarely satisfy this!

If the binomial distribution applies, the variance of themher of fish in a given cell iapq
whereq = 1— p and the mean number(expected value)ps

Given datay, the estimated proportion 3= x/n and the variance of this estimate is given
by pg/n.It should be noted that this variance is never greater thpnﬂ%.

A common method of obtaining a confidence interval for thepprtion is through the use
of a Gaussian approximation.

k= Zl—ox/Z\/ﬁ/\/ﬁ

The width of the confidence interval is

2Z)_ g2 pa/v/n
which is never wider than
11
2haj2 - é/\/ﬁ-

It follows that if one can guarantee that the latter is no ntbesnd, then the former will
also be smaller.

Commonly,a = 0.05 is used and then_ » = 1.96.

Some design criteria include:
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e The distance betwegmahdp should be no greater than
e The confidence interval width should be no more than

e The standard error gf Should be no more thah
Confidence interval width criterion:

22170(/2\/ﬁ/\/ﬁ <d
& N> (27 _q2\/P4/d)?

Now note that

— \2
11 = 5\ 2 —
n> <221—a/2 > 5/5> =n> (221—a/2\/ pQ/5) =221 q/2¢/P4/vN<d
and it follows that the confidence interval is sufficientlghti if n is chosen to satisfy
2
n> (Zlfa/2/6> -

Distance betweep andp criterion:

1
n> (Zl—a/2§/6>2

Standard error op Criterion:

N2 ( 5 5/87=n2 (VB4/57 = B/ VA<D

5.2 Simulating sampling schemes

Want to estimate a proportign

Sample independently individual fish (in group:f;
or not=0): get binomial distribution for x=number
of positives

Estimated proportionp = x/n

Known expected value and variance&[f] = p, ﬂ
V[p]=np(1-p) T

nnnnn

5.2.1 Details

The simplest assumptions are that one is estimating a sprgfgortion, p, by counting
0/1-values im independent experiments. In this case the number of pegiticomesy,
is an observation from a binomial distribution with a prottib p of a positive outcome in
n trials. The unknown proportiop is estimated withp = %.

If we sample independently individual fish, this is is how greportion in a given length
group is obtained. Similarly, within a catch we could estiendne proportion of a given
species by taking a random samplendish within the catch and the same would apply.

The statistics of this are very well known with the long-teanerage value op beingp
and the true variance g1 — p)/n, but only if the assumptions of independence hold true.
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5.2.2 Examples

-4

Example 5.1. In R it is very easy to simulate the effects of different samgpkcheme
and there are several ways to do this.

Consider a red/green marble experiment, where we first ddfensample size (numbrr
of marbles to be drawn) and set up the sequences of red ana mables along wit
the entire set:

http://tutor-web.net/fish/fish5101fishsci/lecture5@ipiing-scheme-simulation-1.r

Example 5.2. Consider an evaluation of whether the confidence interval fixoportion
has the correct coverage probability.

http://tutor-web.net/fish/fish5101fishsci/lecture5@overage-probability.r
A typical session would look as follows:

http://tutor-web.net/fish/fish5101fishsci/lectureS®isiating-sampling-schemes. pdf

5.3 Correlation issues

When correlation issues occur the model is usually wrong

Primary issue: Intra-haul correlation, cf Pennington antsdad

Fish within a statiors are more similar than across stations.

A model of the process needs to include a (random) stati@ctefs; = i+ as -+ &s;
Here,ysj could be the length of fish at statiors.

The resulting correlation between fish at the same statithreisitra-haul correlation

6 Overview

6.1 Summary and exercises

Important fisheries issues
e Must monitor the resources - need good sampling schemes
¢ Need to look at the overall picture, not just current stocke si

e Must have a basic biological knowledge

e Assessments are harder when less data is available
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6.1.1 Assignment

Assignment 6.1. Fish population dynamics

can be done with a command of the form

dat" ,header=T)

Tasks in assignment 1:

length group.

age.

from individual fish.

Transform back to obtaia andp.

Columns in data set

name Icelandic

safn  Numer gagnasafns
teg Fisktegund

ar Ar

man Manudur

reit  Reitur

dag Manadardagur

dypi Dyjpi (m)

vf Veidarfari

le Lengd fisks (cm)

ky Kyn (1=hzngur)

kt Kynproski (1=6kynproska)

aldur Aldur, ar

osl Oslegd (lifandi) pyngd (g)
sl Slagd pyngd (g)

1i Lifrarpyngd (g)

Answer at least 8 quiz questions correctly from each leatutkis tutorial.
Download and subsequently read into R data on length, nigtureight, age etc. This

fish<-read.table("http://www.hi.is/“gunnar/kennsla/alsm/data/set111.

Look at the data and see where there are missing values. eDelss where ages @r
lengths are missing. Check to see whether there are otherusyproblems.

e Compute the mean length at age from the raw data. Plot the lapgth againgt
¢ Fit a model (von Bertalanffy) (a) to the mean length at age.d@t) to the raw dat
¢ Plot the weight against length. Suggest a transformatidineéarity. Check whet

her there are data problems and reduce the data set if needed.

e Set up the counts in the age-length table. Compute the agghl&ey.

English

Data set number
Species

Year

Month

Statistical rectangle
Day within month
Depth

Fishing gear

Length of fish

Sex

Maturity stage

Age in years

Ungutted (live) weight
Gutted weight

Liver weight

e Set up the length distribution, first in counts and then pi@si percentages pgr

o>

e Fit the length-weight relationship = alP using an appropriate transformatign.
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Note that one can rename the columns with e.g.

names (fish)<-c("set","species","yr","mon","square",'"day",'"depth","
gear","le","sex","mat","age","whole", "gutted","liver")
Further practicals
Tasks
In this practical you will learn how to do the following in R:
Length distributions
Age-length tables
Age-length keys
Age-length distributions
Proportion at age
Mean length at age
Weight—length relationship
Catch in numbers at age
Summary plots

Length and age data

distributions, age—length distributions etc It is also artpnt that you practice looking
the data — don't just type in the commands, look at what theyAdsn, don’t just do thg
plots | ask for, try other plots as well.

of objects. There are examples of all of these in the Intrbdado R.
For some commands an example has been given with a smaletieddsy first. Wher

a small dataset where you know what the answer should be arwhis easy to se|
exactly what has been done.

Some of this may look quite complicated — it just takes longeexplain than do. It’
can easily replicate the process later.

The data are available at:
http://tutor-web.net/fish/fish5101fishsci/lecture6@.agt
http://tutor-web.net/fish/fish5101fishsci/lecture60gth.dat

e Copy the data into a text editor — remember it is easier if youR in the sam
directory as the file you are reading in.

e Read the data into R using read.table (&@pta <- read.table("age",
header=T)) which creates a data.frame. If R is not running in the samectiry
you will need to provide the path of the file.

The columns are:
station a unique number for each haul/tow
rectangle position: each rectangle is one degree longandénalf a degree latitude
species  code 1is cod

With length and age data it is important to be able to know howcreate length

The most important R commands used here aggregate dataatiteidimension names

using a new command, or trying to do something complex it eGahdipful to first us¢

important, however, that you use a text editor to keep a ceebyour commands so yqu

s\l

1%

14

le length in cm
age age in years
wgt weight in grams

et T e R Tt Tt O Rt T At At Ayt
41



The age data are a subset of the length data, so all lengthe age table should also pe
in the length table.

Length distributions — from a vector of length data
With the age data we have only one fish for each row. With dataformat like this
length distribution can be created usituble.

e Example: Given a vector of length data:= sample(5:12, 20, replace=T)

sort (x)
table(x)
hist(x)

e Create a vector containing the length data from the age étgld <- age$le)
e Plotit and tabulate it (as for the examplexble calculates the length distributioh.

As these data are sparse — only zero or one fish for most leagths maybe better t
aggregate.

A4

e Group into 5cm length classeke5 <- floor(le/5)*5+2.5 What does th@.5
at the end do?

e How would you do this for 10cm groups?
¢ Plot histograms to look at the data.

e To create a length distribution you need to count the numbgstoin each lengtly
group. Create the length distribution.

As the length distribution should be in even groups we hameesmissing. With a larg
dataset this is less likely to be a problem but there stillihlze gaps at the ends of t
distribution.

The gaps in a vector can be filled in as follows:

=D

e

e Create a vector the length the length distribution shouldrmtname the cells @f
the vector. eg

rnames <- seq(min(leb5), max(le5), 5)
1ldist <- rep(0, length(rnames))
names (1dist) <- paste(rnames)

e Then, calculate the length distribution from the data antlipinto the empty
vector. This substitutes the elementstab into 1dist wherenames (tmp) =
names (1dist).

tmp <- table(leb)
id <- names (tmp)
1ldist[id] <- tmp

e This can be done in fewer lines by combining commands:

rnames <- seq(min(leb5), max(le5), 5)
1ldist <- rep(0, length(rnames))
names (1dist) <- paste(rnames)

tmp <- table(leb5)

ldist [names (tmp)] <- tmp
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¢ Plot the length distribution.

Line plot: plot (as.numeric (names(1dist)), 1ldist, type="1")
Barplot: barplot (1dist)

=

e Calculate and plot the length distribution as proportionthe- number in eac
length class divided by the total number. (Use to calculate the total.)

e Practie calculating length distributions with differeavéls of aggregation.

Length distributions — from a matrix of length and count data
With the data in the length file we can have more than one fislhgeewhich means w
cannot useable and usetapply instead.

14

e Example: Create a small dataset temp andtapely. Then plot the length distr
bution.

le <- c(seq(20,40, 5), 25, 35)

num <- c(4,7,9,6,2, 5,3)

temp <- data.frame(le = le, num = num)
temp.tab <- tapply(temp$num, temp$le, sum)

e To create a length distribution from thelorna/length data you need to sum fhe
number of fish in each length group. (8gdist <- tapply(ldata$number,
ldata$le, sum) )

¢ Plot the dataarplot). Do these data need to be aggregated into wider lgngth

groups?

¢ If you want to aggregate the length data you can store themather column ir
the data.frame. efidata$le5 <- floor(ldata$le/5)*5+2.5

e Do you have the same problem with empty length cells? If sahBdength distri
bution.

¢ Plot the length distribution as before.

e Calculate and plot the length distribution as proportions.
Age distributions

e Create a barplot of the age distribution using the methodshave learned fgr
length distributions.

e Calculate the proportion at age.

Age-length tables
Using the age data we can tabulate using 2 columns to creageatength table (ALT)
a 2 dimensional table.

e Tabulate the data (efllt <- table(age$le2, age$age))

e Try with with different length aggregations.

¢ If you have gaps in the length cells how can you create an al#a?
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e This is done in a similar way as for the length distributionut With a matrix. AS
there are 2 dimensiorimnames is used instead afames.

First create a matrix of zeros with dimnames of all possildkies of age angd
length.

age.vec <- min(age$age) :max(age$age)

le.vec <- seq(min(age$leb) ,max(age$leb),5)

alt <- matrix(rep(0, length(age.vec)*length(le.vec)),
ncol=length(age.vec))

dimnames(alt) <- list(le.vec, age.vec)

Then calculate the age length table and substitute the agghleéable into the
empty matrix.

alt.tmp <- table(age$le5, age$age)

alt[dimnames(alt.tmp) [[1]1], dimnames(alt.tmp)[[2]1]] <- alt.tmp

Example: This small example may be clearer. Hetig?2 is a larger matrix of zeros arjd
the values otmp are substituted into it.

tmp <- matrix(c(2,4,2,4,2,4), byrow=T, ncol=2)
dimnames (tmp) <- list(c(2,4,6), 1:2)

tmp2 <- matrix(rep(0,10),byrow=F, ncol=2)
dimnames (tmp2) <- list(2:6, 1:2)

tmp2 [dimnames (tmp) [[1]],dimnames (tmp) [[2]1]] <- tmp

Operations on the rows and columns of a table
The length and age distributions of the age data can be atécltlirectly from the agg-
length table.

To sum the columns (ages)
apply(alt, 2, sum)

To sum the rows (lengths)
apply(alt, 1, sum)

e Compare these with the number at length and at age you cddutam the orig
inal data.

Functions other than sum can be usedpply eg mean, median.

Age-length distributions and mean length at age
Mean length at age can be calculated directly from the agewangtapply.

e Calculate mean length at age from the age data.

e Calculate the corresponding variance.

In length stratified sampling schemes age samples are tadensf fixed number of fis
by length group. This can cause problems in calculating nexegth at age directly fron
the age data. Even without such a stratification scheme tisengngth data (which(E
more abundant) along with the age data provides a bettenastiof mean length at a

=

b

The ALT is used to assign an age to fish with only length dataddhis, the ALT ig
transformed into an age length key (ALK) i.e. each row repmésthe proportion of fig

-
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at each age for a length group eg the age distribution of fidleteen 50 and 54 crj.
To do this each row of the ALT is divided by the total number ehfin that row ie eac
column of the ALT is divided by the total length distributiohthe table.

=

The most reliable way to do this is to create a matrix of theesdimensions as the ALJ.

e Calculate the length distribution of the ALT
egld.tmp <- apply(alt, 1, sum)

e Create a matrix where each column is the length distribution
eg 1d.mat <- matrix(rep(ld.tmp, ncol(alt)), byrow=F,
ncol=ncol(alt))

e Create the ALK by ALT/LD —round will help if you want to look at it to fewe
decimal places.
egalk <- alt/1d.tmp

e As the ALT contains many zeros, these are now missing valgs Ify the ALK
these should be changed back to zero. To substitideeveryNA:
egalk[is.na(alk)] <- O.

The ALK is then multiplied by the length distribution frometlength samples. Again yqu
need to create a matrix from the length samples. The lendttieedength distributio:l

must match those of the ALK. To do this themes of the length distribution must matgh
the lengthdimnames of the age-length key, et <- 1d[dimnames (alk) [[1]1]].

Age distribution from the ALD

¢ Replicate the length distribution as before to create airaith the correct num
ber of columns (and rows) called here LD — the lengths of LDtmusch those
the ALK.

e Calculate the ALD by ALK*LD.
e Calculate the number at age from the ALBpply)
e Calculate the proportion at age.

e How does the proportion at age from the ALD compare with th@anhfthe age data
alone?

Mean length at age from the ALD
To calculate mean length at age from the ALD. The ALD is a matfithe number o
fish in each age—length cell.

e Multiply the ALD by the length of each cell the lengths are
as.numeric(dimnames (ald) [[1]1]) by:

replicate the lengths to create a matrix.
multiply ALD by the length matrix to create a new matrix ALD2

e Sum the columns of ALD2 to calculate the total length of alfiy/ age. Dividé
this by the total number at age.
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How do the calculations of mean length at age directly fromabe data and from tie
ALD compare?

Sourcing a file
Write a file to do all the necessary steps and run the file in Rhguseg)
source("calc.r").

The steps are:

Read in length data

Read in age data

Calculate the length distribution from the length data.
Calculate the age-length table from the age data.
Calculate the age-length key.

Calculate the age-length distribution.

Calculate mean length at age.

To write to the screen from a sourced file it is necessary topuset (objectname .
Normally in R you have just typedbjectname

Changing the range of age and length data
In the method described above, the length distribution wdsced to the dimensions |pf
the ALK. An alternative method is to calculate the lengthritisition only from lengthg
in the same range as the age data. As the age data are a sutbeelenigth data theie
will often be smaller or large fish in the length than age data.

The length data can me modified by deleting values outsideatige of the age data
by changing the lengths to the smallest/largest in the ag@lea The commandifelse
can be used in either case.

=4

r

Some examples dffelse are:

x <- 1:10

ifelse(x<5, 0, x)

ifx <5thenx=0, else x = xifelse(x==5, 0, x)

To useifelse to delete certain values the values outside the length rarggehanged t
NA which means missing and then deleted, eg:

mina <- min(adata$le)

maxa <- min(adata$le)

ldata$le <- ifelse(ldata$le<mina, NA, ldata$le)

ldata$le <- ifelse(ldata$le>maxa, NA, ldata$le)

ldata <- ldatal[is.na(ldata$le),]

Alternatively,ifelse can be used to change the values to the minimum or maxim@m in
the age sample, eg

mina <- min(adata$le)

maxa <- min(adata$le)

ldata$le <- ifelse(ldata$le<mina, mina, ldata$le)

ldata$le <- ifelse(ldata$le>maxa, maxa, ldata$le)
Length—weight relationship

The age data in www.hafro.islorna/age contains length and weight data.
The length—weight relationship is typically written as:

A4
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W=axLP

which can be rewritten as:

INW =Ina+bxInL

¢ Plot weight against length.

e Do any of these data look wrong? Outlying points can be rewhageollows:

plot(data$x, data$y)
identify(data$x,data$y)

click on the ‘bad’ point with the left mouse button - it will leimbered

if you want to identify more points continue to click with theft and wherj
you want to finish click with the right.

the number of all the identified plots will then be in your R daw. You
could also have done:

id <- identify(data$x,data$y)

e To remove the rows of data containing the outlying data goamd create a nejv
dataset:

data2 <- datal-id,]

If you didn’t put the points into an object you can still doghising the informatio
printed into the R window, e.gata2 <- data[-c(3,6),]

¢ Plot the log transformed data (natural logarithm). Do youehany outliers? Relg
bel the x and y axes with appropriate text.

e Fit a linear regression model to the log transformed datgf{€ <- 1m(log(y)
~ log(x))

e Usingfit$coef what are the values @fandb in the first equation above?
e Usesummary (fit) to look more at the fitted model.

e Plot model diagnostic plots using:

par (mfrow=c(2,2))
plot(fit)
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Catch at age th
Catch at age can be calculated using a combination of lerggtn the weight-leng
relationship, proportion at age and total catch.

e Using the length data from the length file (the age data arngaslbset of it) anji
the weight—length relationship, what is the mean weightsif iin the dataset? e

mean (axle~b)

The fish were weighed in grammes so convert this into kg.
e If the total catch is 1000 kg how many fish were caught?

e Using the calculated proportion at age, what is the catchumbers at age? (dg
agep*num)

Plotting

Use boxplots to summarise the datasets. eg

Compare length distribution by rectangle.

Compare length distribution by age.

Compare number of fish by rectangle.

boxplot(le ~ rectangle, data = ldata)

boxplot(le ~ age, data = adata) boxplot(num ~ rectangle, data =
ldata)

Try some other plots.
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