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(ABSTRACT) 

A computer-implemented simulation model was modified to 

compare various regulation schemes and determine how they are 

affected by angler non-compliance and voluntary catch-and- 

release fishing. Combinations of three creel limits and five 

length limits were simulated. Scenarios for no regulations 

and catch-and-release were also simulated. Angler non- 

compliance varied from 0% to 50% and voluntary release 

included rates of 20%, 50%, and 80%. Based on catch, harvest, 

yield, and PSD, the ranking of specific regulations changed 

little among levels of angler non-compliance and voluntary 

release. All four decision variables were most influenced by 

regulations when angler compliance was high and voluntary 

release was low. Further, for a fishery with a high degree of 

voluntary release, and relatively high angler compliance, 

regulations did not produce any discernable benefits in the 

fishery. 

The model was demonstrated with data on a smallmouth 

bass, Micropterus dolomieu, fishery for the upper and lower 

James River, Virginia. Simulated regulations were assessed 

based on adjustments to angler non-compliance, which averaged



based on adjustments to angler non-compliance, which averaged 

17 percent, and voluntary release, which averaged 90 percent. 

Model results indicate that more restrictive regulations 

improved PSD and catch, whereas numerical harvest and yield in 

weight benefitted from liberal regulations. Variability among 

the 81 regulations was low, suggesting that voluntary release 

(90% average) is a dominant control in the James River 

smallmouth bass fishery. From a management standpoint, these 

findings also suggest that, where appropriate, management 

strategies should focus on increasing voluntary release and 

rely on regulations only in certain fisheries.
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GENERAL INTRODUCTION 

Overexploitation has been and continues to be a 

significant threat to commercial and recreational fisheries 

worldwide. As the number and sophistication of recreational 

anglers grow, more restrictive harvest regulations are 

necessary to maintain quality fisheries. Managing for optimum 

sustained harvest requires an understanding of fish stocks, 

angler attitudes, and angler compliance with regulations. 

Fish management objectives are rarely achieved if 

regulatory schemes are implemented without an understanding of 

the fishery to be managed. A great many uncertainties 

Surround factors that affect fish population dynamics. 

Variability in fecundity and survival are influenced by biotic 

and abiotic factors that are not usually well understood. 

This lack of understanding makes it difficult to select 

optimal harvest regulations. Additionally, human behavior may 

play a greater role than biotic or abiotic factors in 

structuring fish populations, particularly in heavily 

exploited fisheries or in urban fisheries. Fisheries 

management has largely neglected angler behavior. Little is 

known about angler response to specific regulations or how it 

may influence the efficacy of various regulatory schemes. As 

described in this study, efficacy of regulations is defined as 

the power of regulations to produce a change in a fish stock. 

Systems analysis is one means of evaluating such complex 
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interactions. Management models allow for testing novel 

management approaches without jeopardizing the fishery and 

minimize natural variability that would otherwise make 

interpretation of results more difficult. A simulation model 

for a specific fish stock that mimics natural conditions 

permits fisheries scientists to alter regulations while 

leaving other variables constant. A fishery manager, then, 

can compare possible impacts of various regulations on a fish 

population prior to implementation. 

Simulation models have been used in fisheries management 

for a variety of purposes (Wagner 1991). However, current 

modelling approaches appear to be inadequate to deal with the 

complexity of recreational fisheries. A survey of recent 

Management) provides a good summary of modelling activity. 

Since 1981, 82 studies have incorporated some type of 

modelling approach, ranging from bioeconomic to bioenergetics 

to models evaluating harvest regulations. Of the harvest 

models, 20 dealt with length limits, 3 with catch-and-release 

fishing, and 2 with creel limits. Two studies examined the 

interaction among special regulations, voluntary release, 

angler compliance (Clark 1983, voluntary release; Gigliotti 

and Taylor 1990, angler compliance). 

Management of commercial fish harvest involves direct 

control of effort, via restricted entry, season restrictions,
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or quota system. However, direct control of effort in 

recreational fisheries is impractical. The "common property 

principle" prohibits denying the right to fish to anyone 

willing to purchase the required license(s). Recreational 

fisheries requires the use of additional, and perhaps less 

conventional, methods to control harvest. 

Harvest in recreational fisheries is controlled by length 

limits, creel limits, season closures, and gear restrictions. 

A limited number of models have been developed to compare 

length limit regulations. Clark et al. (1980) developed such 

a model for a trout fishery, which was subsequently used to 

project the potential effects of catch-and-release fishing 

(Clark 1983). Taylor (1981) developed an age-structured 

model, which addressed length limits and season closures; 

Zagar and Orth (1986) applied Taylor’s model to reservoir 

populations of largemouth bass, Micropterus salmoides. 

Another adaptation of Taylor’s approach was demonstrated by 

Rieman and Beamesderfer (1990) in a model that considered the 

dynamics of a northern squawfish, Ptychocheilus oregonensis, 

population and the potential to reduce predation on juvenile 

salmonids in a Columbia River reservoir. Use of creel limits 

to restructure fish populations was evaluated by Porch and Fox 

(1990) and Wagner (1991). Creel limits were shown to be 

negatively correlated with catch, population size structure, 

and stock abundance, and positively correlated with numerical
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harvest and yield. The previous models allow for variable 

length and creel limits, but none integrate angler behavior 

and harvest regulations to the extent that impacts of angler 

behavior on harvest regulations can be assessed. 

In addition to conventional controls on harvest, 

education and an increasing conservation ethic are stimulating 

voluntary catch-and-release regulations among a greater 

proportion of the angling public. Little published 

information is available which addresses this important 

management alternative. 

In general, angler behavior and attitudes are difficult 

to quantify, and are ignored in current simulation models. 

Most modelling studies assume 100 percent compliance with 

regulations. This is unrealistic, as angler non-compliance 

(Kokel 1991; Giggliotti and Taylor 1990) and voluntary catch- 

and-release fishing (Clark 1983) do occur. Where substantial 

voluntary release and variable compliance occurs, predictions 

of catch and harvest observed after a regulation change may 

not match expected outcomes. 

Because of current and projected changes in angler 

demographics (Hardin et al. 1987, Murdock et al. 1992), future 

trends in fisheries management will likely include novel 

approaches to the evaluation and use of angler attitudes and 

behavior. Understanding angler attitudes and their response 

to regulations is critical. Interactions between fish
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populations and angler behavior will need to be included in 

modelling exercises to adequately predict effects of 

regulatory schemes. In this study, Chapter 1 explores the 

relationship between angler non-compliance and voluntary 

release as they relate to special regulations. In Chapter 2, 

the model is applied to a smallmouth bass fishery, M. 

dolomieu. The case study involved the smallmouth bass fishery 

in the James River, Virginia. These results were analyzed and 

compared to field studies.



STUDY SITE 

The James River is the longest river located entirely in 

the state of Virginia (Figure 1) (Stanovick et al. 1991). 

Formed by the confluence of the Jackson and Cowpasture Rivers 

in the Appalachian Mountains of western Virginia, the river 

flows easterly for more than 400 km to the city of Richmond 

where it becomes tidal. Above Richmond, the river basin is 

largely rural but winds through several distinct geophysical 

regions (For example, Blue Ridge Mountains, Virginia Piedmont) 

and one major metropolitan area, Lynchburg. 

Because of these differences, the river was divided into 

six strata representing different physical zones or having 

different recreational use patterns (Figure 1, Table 1). Area 

1, the most upstream area (96 km), west of the Blue Ridge 

Mountains, starts at the river confluence (Jackson and 

Cowpasture Rivers) at Irongate and continues downstream to 

Snowden Landing near the U.S. Route 501 bridge and Snowden 

Dam. The river here is heavily used by both boat and bank 

anglers, as access to the river is well developed with six 

Virginia Department of Game and Inland Fisheries (VDGIF) 

landings and one commercial canoe livery, located in Buena 

Vista, in the section. Area 1 has the highest river gradient 

as it passes through the Blue Ridge province. Area 2 (48 km) 

starts at Monocan Park above Lynchburg City and 

continuesdownstream to Bent Creek Landing at the U.S. Route 60 

6
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Table 1. General characteristics of the James River, Virginia by surveyed area. The number 
of VDGIF boat landings are shown in parentheses. 

  

  

Area 

Characteristic . 1 2(+6) 3 4 5 

Boundary Irongate - Monocan Park - Norwood - Columbia - Bosher’s Dam 

Snowden Dam Bent Creek Bremo Bluff Watkin’s L. 1-95 Bridge 

Length (km) 96 53 80 6&4 16 

Width (m) 75.3 182.0' 139.0 195.4 354.5 

Area (ha) ve7 967 1,119 1,289 570 

Number of 

Boat Landings 12 6 9 5 4 

(6) (2) (7) (5) (0) 

Number of 

Canoe Outfitters 1 1 2 1 3+ 

  

L 
Width is due to two existing dams in the City of Lynchburg (Reusens Dam and Scots Mill Dam).
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bridge below Lynchburg, but excludes a 5 km section in the 

city of Lynchburg (see Area 6). Boat access in this area on 

the edge of the Piedmont Region is limited, with large 

inaccessible stretches. However, bank anglers have relatively 

easy access. One canoe livery at Galts Mill, below Lynchburg, 

serves this area. Area 3 (80 km) runs through the Piedmont 

Region of Virginia from Norwood to Bremo Bluff. The largely 

pastoral and forested area is characterized by five well 

developed VDGIF landings and two commercial canoe outfitters 

at Hattens Ferry and Scottsville. Area 4 begins at Columbia 

Landing and runs 64 km downstream to Watkin’s Landing above 

Richmond. Access is very good with five equally spaced VDGIF 

landings and one canoe livery in Goochland. Use by both boat 

anglers and bank anglers (congregated at access points) is 

intense in this area. Area 5 consists of the city of Richmond 

from Boshers Dam above the city downstream 16 km to the I-95 

bridge where the river becomes tidal. Access is nearly 

continuous along the river with several city parks and 

landings. Angling use, however, is primarily bank/bridge 

fishing. Area 6 is the small, five kilometer, section of 

river in the city of Lynchburg that extends from Scots Mill 

Dam to the Blackwater Creek park area. Bank angling is the 

predominant use in this area.



CHAPTER 1 

Modelling Angler Non-compliance and Voluntary Catch-and- 
Release Fishing in Smallmouth Bass Fisheries 

Introduction 

Restrictive harvest regulations, most commonly length 

limits and creel limits, are the primary means of controlling 

harvest in recreational fisheries. However, it seems that 

management agencies have largely overlooked the importance of 

angler non-compliance and voluntary release when selecting 

restrictive regulations to impose on a recreational fishery. 

Many of the models developed to simulate length limits 

share simplifying assumptions that affect their general 

applicability, including density-independent growth (Walters 

1969; Clark et al. 1980; Jensen 1981; Taylor 1981; Clark 

1983), absence of hooking mortality (Walters 1969; Jensen 

1981; Taylor 1981), total angler compliance (Walters 1969; 

Clark et al. 1980; Jensen 1981; Smith 1981; Clark 1983), and 

no voluntary catch-and-release (Walters 1969; Clark et al. 

1980; Jensen 1981; Smith 1981; Taylor 1981). 

Creel limits are widely used to redistribute harvest 

among anglers and reduce overall harvest. Although some 

studies indicate that creel limits are acceptable to anglers 

(Chipman and Helfrich 1988), creel limits have been largely 

ignored in modelling efforts. Models have been developed for 

creel limits (Porch and Fox 1990) and both length and creel 

10
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limits (Wagner 1991). However, both models assume 100% 

compliance with regulations, which probably is invalid 

(Gigliotti and Taylor 1990; Kokel 1991). 

Angler non-compliance occurs in recreational fisheries 

and can influence the success of a regulation (Paragamian 

1984a). Angler non-compliance, reported as an illegal harvest 

rate, can range from 0 to 100% (Glass and Maughan 1984; Smith 

and Kauffman 1987; Summers 1988; Giggliotti and Taylor 1990; 

Mitzner 1990). Paragamian (1984a), Eder (1984), and Porak et 

al. (1990) reported a range in angler non-compliance, 

considered as the proportion of anglers harvesting illegal 

fish, from 5% to 30%. 

Although some anglers voluntarily release legal fish 

(Clark 1983), fishery managers tend to overlook this seemingly 

important aspect of angler behavior. Clark (1983) and Waters 

and Huntsman (1986) used a single voluntary release rate for 

non-complying anglers and complying anglers, but since these 

two groups typically release legal fish at different rates 

(Creamer and Orth 1991), this assumption was invalid. 

Survival of released fish is an additional complication 

in evaluating the efficacy of a length or creel limit, based 

on modelling hooking mortality. Field studies on numerous 

species indicate that hooking mortality varies considerably 

depending upon temperature and type of bait used (Clark 1983; 

Harrell 1987; Payer et al. 1987; Clapp and Clark 1989).
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In this chapter, I: (1) develop equations for fishing 

mortality and hooking mortality that incorporate angler non- 

compliance and voluntary release; (2) evaluate the relative 

importance of angler non-compliance and voluntary release in 

selecting appropriate regulation schemes for a_ typical 

smallmouth bass fishery; and (3) provide guidance for fishery 

managers on how to estimate angler non-compliance and 

voluntary release and include the results in population 

models.
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Methods 

In theory, the maximum fishing mortality, or catch rate, 

(F’; 3) is the product of catchability (q = proportion of 

population caught per unit effort) and fishing effort (f). 

The catch rate can be partitioned into four components: 1) 

non-complying anglers harvesting legal fish, 2) non-complying 

anglers harvesting illegal fish, 3) complying anglers 

harvesting legal fish, and 4) hooking mortality. 

Rate of Legal and Illegal Harvest by Non-complying Anglers 

Rate of legal harvest by non-complying anglers is 

calculated as the product of the catch rate [q,*f], the 

probability that a fish of age i is legal [PL,], the 

probability of keeping a fish of age i [1-NR,], and the 

probability that an angler is a non-complier [NC]. The 

illegal harvest rate is the product of the catch rate, the 

probability that a fish of age i is illegal [1-PL,], the 

probability of keeping a fish of age i, and the probability of 

non-compliance. I assume that catching illegal fish is 

independent of whether the angler chooses to comply with 

regulations. 

Rate of Legal Harvest 

The product of the catch rate, the probability that a 

fish of age i is legal, the probability of keeping a fish age 

i (1-PR,], and the probability that an angler is a complier 

[1-NC] is the rate at which complying anglers harvest legal
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fish. Angler non-compliance and voluntary release were 

assumed to be independent, meaning that any one angler could 

non-comply with regulations, while at the same time release 

legal-sized fish. Also, the level of contribution by 

voluntary release to an angler’s overall behavior is 

contingent upon an angler’s compliance status. 

The three rates were combined in the following fishing 

mortality equation: 

F, j= (F’, ,*PL,*(1-NR,)*NC) + [F‘, ,*(1-PL,) *(1- 
' R,)*NC] + [F’, ,*PL, .*(1“Ne) *(1- -PR,) ] (1) 

where: F. realized fishing mortality rate for age 
1, . e * . 

group 1 in year j, and accounting for 
the effect of harvest regulations, angler 
non-compliance, and voluntary release, 

Fs instantaneous catch rate of age group i 
in year j; where F’, j= (a,*f] and 
q,=catchability coefficient and f=angler 
effort in hours, 

PL.=probability that a fish of age i is not 
protected by regulations (varies from 
0 to 1, where 0 is total protection 
and 1 is no protection), 

NC=proportion of angling effort represented by 
non-complying anglers (varies from 0 tol, 
where 0 is total compliance and 1 is 
total non-compliance), 

PR,=conditional probability of voluntary 
release of fish in age group i by 
complying anglers (varies from 0 to 1, 
where 0 is no release and 1 is complete 
release), where PR,= the number of fish in 
age group i released by complying anglers 
divided by the number of fish in age group 
i caught by complying anglers, and 

NR,=conditional probability of voluntary 
release of fish in age group i by non- 
complying anglers (varies from 0 to 1, 
where 0O is no release and 1 is
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complete release), where NR,= the number 
of fish in age group i released by non- 
complying anglers divided by the number of 
fish in age group i caught by non- 
complying anglers. 

Rate of Catch-and-Release and Hooking Mortality 

Hooking mortality is attributed to fish that die after 

being caught and released. The rate of catch-and-release for 

legal fish is [F’, ,*PL,*NR,*NC + F’, ,*PL,*PR,*(1-NC)], and the 

rate of catch-and-release for illegal fish is [F’; ,*(1- 

PL.) *NR,*NC + F’, j* (1-PL,) *(1-NC) ]. The probability that a 

released fish will die [hm,] was multiplied by the sum, which 

simplifies to: 

H,= hm,*[(F’; ,*NR;*NC) + (F/, ,*PR;*(1-NC)) ] (2) 

where: H,=realized hooking mortality rate for age 
group i, accounting for allowed harvest, 
angler non-compliance, and voluntary 
release, and 

hm,=probability that a fish in age group i 
will die if released, and is a function 
of lure type and environmental conditions. 

Fishing Requlations 

Lowered creel limits change fishing and hooking mortality 

by a constant proportion over all age groups. The predicted 

harvest reductions were calculated from a negative binomial 

distribution described in Wagner and Orth (1991). Mean 

harvest per angler-day and k, a dispersion coefficient, 

characterize this distribution. Wagner (1991) found no 

Significant difference (p < 0.05) between the estimated and
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� � 

�V�a�r�i�a�b�l�e�s� �u�s�e�d� �i�n� �e�q�u�a�t�i�o�n�s� 

�N�i�;� �N�u�m�b�e�r� �i�n� �a�g�e� �g�r�o�u�p� �i� �i�n� �y�e�a�r� �j�.� 

�L�j� �T�o�t�a�l� �n�u�m�b�e�r� �o�f� �l�a�r�v�a�e� �p�r�o�d�u�c�e�d� �i�n� �t�h�e� �j�*� �y�e�a�r�.� 

�E�;� �T�o�t�a�l� �n�u�m�b�e�r� �o�f� �e�g�g�s� �p�r�o�d�u�c�e�d� �i�n� �t�h�e� �j�*� �y�e�a�r�.� 

�H�A�T�C�H� �H�a�t�c�h�i�n�g� �s�u�c�c�e�s�s� �r�a�t�e� �o�f� �e�g�g�s�,� �e�x�p�r�e�s�s�e�d� �a�s� �p�e�r�c�e�n�t� �o�f� 
�t�o�t�a�l� �e�g�g�s� �l�a�i�d�.� 

�a� �D�e�n�s�i�t�y� �i�n�d�e�p�e�n�d�e�n�t� �t�e�r�m� �f�o�r� �f�i�r�s�t� �y�e�a�r� �s�u�r�v�i�v�a�l�.� 

�b� �D�e�n�s�i�t�y� �d�e�p�e�n�d�e�n�t� �t�e�r�m� �f�o�r� �f�i�r�s�t� �y�e�a�r� �s�u�r�v�i�v�a�l�.� 

�V�v� �A� �r�a�n�d�o�m� �n�o�r�m�a�l� �t�e�r�m� �t�o� �i�n�t�r�o�d�u�c�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� 
�r�e�c�u�i�t�m�e�n�t�.� 

�n� �T�h�e� �m�a�x�i�m�i�m� �a�g�e� �g�r�o�u�p�.� 

�F ��;� �P�o�t�e�n�t�i�a�l� �f�i�s�h�i�n�g� �m�o�r�t�a�l�i�t�y� �r�a�t�e� �f�o�r� �t�h�e� �i�*�®� �a�g�e� �g�r�o�u�p�,� 
�a�s�s�u�m�i�n�g� �n�o� �h�a�r�v�e�s�t� �r�e�g�u�l�a�t�i�o�n�s� �a�n�d� �n�o� �v�o�l�u�n�t�a�r�y� 
�r�e�l�e�a�s�e�.� 

�F�;� �R�e�a�l�i�z�e�d� �f�i�s�h�i�n�g� �m�o�r�t�a�l�i�t�y� �r�a�t�e� �f�o�r� �t�h�e� �i�t�h� �a�g�e� �g�r�o�u�p�,� 
�a�c�c�o�u�n�t�i�n�g� �f�o�r� �t�h�e� �e�f�f�e�c�t� �o�f� �h�a�r�v�e�s�t� �r�e�g�u�l�a�t�i�o�n�s�,� �a�n�g�l�e�r� 
�n�o�n�-�c�o�m�p�l�i�a�n�c�e�,� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� 

�h�m�,� �P�o�t�e�n�t�i�a�l� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �r�a�t�e� �f�o�r� �t�h�e� �j�t�h� �a�g�e� �g�r�o�u�p�,� 
�a�s�s�u�m�i�n�g� �n�o� �h�a�r�v�e�s�t�.� 

�H�;� �R�e�a�l�i�z�e�d� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �r�a�t�e� �f�o�r� �t�h�e� �i�t�®� �a�g�e� �g�r�o�u�p�,� 
�a�c�c�o�u�n�t�i�n�g� �f�o�r� �a�l�l�o�w�e�d� �h�a�r�v�e�s�t�,� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�,� 
�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.



�R�C� 

�N�C� 

�P�R� 

�N�R�;� 

�P�[�Z�>�2�y� �i�]� 

�t� �N�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y� �r�a�t�e� �f�o�r� �t�h�e� �i�t�?� �a�g�e� �g�r�o�u�p�.� 

�P�r�o�b�a�b�i�l�i�t�y� �t�h�a�t� �a� �f�i�s�h� �i�n� �a�g�e� �g�r�o�u�p� �i� �i�s� �l�e�g�a�l�.� 

�F�a�c�t�o�r� �f�o�r� �r�e�d�u�c�t�i�o�n� �i�n� �h�a�r�v�e�s�t� �i�n� �t�h�e� �i�t�?� �a�g�e� �g�r�o�u�p� �d�u�e� 
�t�o� �t�h�e� �e�f�f�e�c�t� �o�f� �l�e�n�g�t�h� �l�i�m�i�t�s� �(�e�x�p�r�e�s�s�e�d� �a�s� �p�e�r�c�e�n�t� 
�r�e�d�u�c�t�i�o�n�)�.� 

�O�v�e�r�a�l�l� �r�e�d�u�c�t�i�o�n� �i�n� �h�a�r�v�e�s�t� �d�u�e� �t�o� �t�h�e� �e�f�f�e�c�t� �o�f� �a� 
�c�r�e�e�l� �l�i�m�i�t� �(�e�x�p�r�e�s�s�e�d� �a�s� �p�e�r�c�e�n�t� �r�e�d�u�c�t�i�o�n�)�.� 

�O�v�e�r�a�l�l� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �r�a�t�e�.� 

�P�r�o�b�a�b�i�l�i�t�y� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �o�f� �f�i�s�h� �i�n� �t�h�e� �i� �a�g�e� 
�g�r�o�u�p� �b�y� �c�o�m�p�l�y�i�n�g� �a�n�g�l�e�r�s�,� �w�h�e�r�e� �P�R�,�=� �t�h�e� �n�u�m�b�e�r� �o�f� �f�i�s�h� 
�i�n� �a�g�e� �g�r�o�u�p� �i� �r�e�l�e�a�s�e�d� �b�y� �c�o�m�p�l�y�i�n�g� �a�n�g�l�e�r�s� �d�i�v�i�d�e�d� �b�y� 
�t�h�e� �n�u�m�b�e�r� �o�f� �f�i�s�h� �i�n� �a�g�e� �g�r�o�u�p� �i� �c�a�u�g�h�t� �b�y� �c�o�m�p�l�y�i�n�g� 
�a�n�g�l�e�r�s�.� 

�P�r�o�b�a�b�i�l�i�t�y� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �o�f� �f�i�s�h� �i�n� �t�h�e� �i�*�®� �a�g�e� 
�g�r�o�u�p� �b�y� �n�o�n�-�c�o�m�p�l�y�i�n�g� �a�n�g�l�e�r�s�,� �w�h�e�r�e� �P�R�,�=� �t�h�e� �n�u�m�b�e�r� �o�f� 
�f�i�s�h� �i�n� �a�g�e� �g�r�o�u�p� �i� �r�e�l�e�a�s�e�d� �b�y� �n�o�n�-�c�o�m�p�l�y�i�n�g� �a�n�g�l�e�r�s� 
�d�i�v�i�d�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �f�i�s�h� �i�n� �a�g�e� �g�r�o�u�p� �i� �c�a�u�g�h�t� �b�y� 
�n�o�n�-�c�o�m�p�l�y�i�n�g� �a�n�g�l�e�r�s�.� 

�T�h�e� �p�r�o�b�a�b�i�l�i�t�y�,� �b�a�s�e�d� �o�n� �t�h�e� �s�t�a�n�d�a�r�d� �n�o�r�m�a�l� 
�d�i�s�t�r�i�b�u�t�i�o�n�,� �o�f� �z�,� �a� �r�a�n�d�o�m� �v�a�r�i�a�t�e�,� �b�e�i�n�g� �g�r�e�a�t�e�r� �t�h�a�n� 
�z�i�,� �t�h�e� �c�r�i�t�i�c�a�l� �v�a�l�u�e�.� 

�T�h�e� �v�a�l�u�e� �o�n� �t�h�e� �s�t�a�n�d�a�r�d� �n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� 
�c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �(�L�,�)� �i�n� �t�h�e� �p�r�o�t�e�c�t�e�d� 
�l�e�n�g�t�h� �r�a�n�g�e�.� 

�T�h�e� �v�a�l�u�e� �o�n� �t�h�e� �s�t�a�n�d�a�r�d� �n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� 
�c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �m�a�x�i�m�u�m� �l�e�n�g�t�h� �(�L�2�)� �i�n� �t�h�e� �p�r�o�t�e�c�t�e�d� 
�l�e�n�g�t�h� �r�a�n�g�e�.� 

�T�h�e� �v�a�l�u�e� �o�n� �t�h�e� �s�t�a�n�d�a�r�d� �n�o�r�m�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� 
�c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �o�f� �o�n�e� �o�f� �t�h�e� �s�t�o�c�k� 
�d�e�n�s�i�t�y� �l�e�n�g�t�h� �g�r�o�u�p�s�.� 

�T�h�e� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �d�e�f�i�n�i�n�g� �t�h�e� �p�r�o�t�e�c�t�e�d� �r�a�n�g�e�.� 

�T�h�e� �m�a�x�i�m�u�m� �l�e�n�g�t�h� �d�e�f�i�n�i�n�g� �t�h�e� �p�r�o�t�e�c�t�e�d� �r�a�n�g�e�.� 

�T�h�e� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �o�f� �o�n�e� �o�f� �t�h�e� �s�t�o�c�k� �d�e�n�s�i�t�y� �l�e�n�g�t�h� 
�g�r�o�u�p�s�,� �s�p�e�c�i�f�i�c�a�l�l�y� �t�h�e� �k�*� �g�r�o�u�p�.� 

�T�h�e� �m�e�a�n� �l�e�n�g�t�h� �o�f� �t�h�e� �i�t� �a�g�e� �c�l�a�s�s�.� 

�t� �T�h�e� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �o�f� �l�e�n�g�t�h� �f�o�r� �t�h�e� �i�'�®� �a�g�e� �c�l�a�s�s�.



�P�S�D� 

�R�S�D�p� 

�R�S�D�y� 

�R�S�D� 

�R�S�D�g�s� �g� 

�R�S�D�g� �p� 

�R�S�D�p� �y�»� 

�R�S�D�y� �7� 

�W�w� 

�Y� 

�A�g�e�,�;�m�e�a�n� 

�L�M�,�m�e�a�n� 

�C�R�;� 

� � 

�T�h�e� �n�u�m�b�e�r� �o�f� �f�i�s�h� �g�r�e�a�t�e�r� �t�h�a�n� �o�r� �e�q�u�a�l� �t�o� �t�h�e� �m�i�n�i�m�u�m� 
�l�e�n�g�t�h� �o�f� �t�h�e� �k�*�®� �s�t�o�c�k� �d�e�n�s�i�t�y� �l�e�n�g�t�h� �g�r�o�u�p�.� 

�I�d�e�n�t�i�f�i�e�s� �o�n�e� �o�f� �t�h�e� �s�t�o�c�k� �d�e�n�s�i�t�y� �l�e�n�g�t�h� �g�r�o�u�p�s�.� �I�t� 
�c�a�n� �t�a�k�e� �o�n� �t�h�e� �v�a�l�u�e�s� �"�S�t�o�c�k�"�,� �"�Q�u�a�l�i�t�y�"�,�  ��P�r�e�f�e�r�r�e�d�"�,� 
�"�M�e�m�o�r�a�b�l�e�"�,� �o�r�  ��T�r�o�p�h�y ��.� 

�P�r�o�p�o�r�t�i�o�n�a�l� �s�t�o�c�k� �d�e�n�s�i�t�y�.� 

�T�h�e� �r�e�l�a�t�i�v�e� �s�t�o�c�k� �d�e�n�s�i�t�y� �o�f� �f�i�s�h� �p�r�e�f�e�r�r�e�d� �s�i�z�e� 
�(�3�5�0�m�m�)� �a�n�d� �l�a�r�g�e�r�.� 

�T�h�e� �r�e�l�a�t�i�v�e� �s�t�o�c�k� �d�e�n�s�i�t�y� �o�f� �f�i�s�h� �m�e�m�o�r�a�b�l�e� �s�i�z�e� �(�4�3�0� 
�m�m�)� �a�n�d� �l�a�r�g�e�r�.� 

�T�h�e� �r�e�l�a�t�i�v�e� �s�t�o�c�k� �d�e�n�s�i�t�y� �o�f� �f�i�s�h� �t�r�o�p�h�y� �s�i�z�e� �(�5�1�0� �m�m�)� 
�a�n�d� �l�a�r�g�e�r�.� 

�T�h�e� �r�e�l�a�t�i�v�e� �s�t�o�c�k� �d�e�n�s�i�t�y� �o�f� �f�i�s�h� �b�e�t�w�e�e�n� �s�t�o�c�k� �a�n�d� 
�q�u�a�l�i�t�y� �s�i�z�e�.� 

�T�h�e� �r�e�l�a�t�i�v�e� �s�t�o�c�k� �d�e�n�s�i�t�y� �o�f� �f�i�s�h� �b�e�t�w�e�e�n� �q�u�a�l�i�t�y� �a�n�d� 
�p�r�e�f�e�r�r�e�d� �s�i�z�e�.� 

�T�h�e� �r�e�l�a�t�i�v�e� �s�t�o�c�k� �d�e�n�s�i�t�y� �o�f� �f�i�s�h� �b�e�t�w�e�e�n� �p�r�e�f�e�r�r�e�d� �a�n�d� 
�m�e�m�o�r�a�b�l�e� �s�i�z�e�.� 

�T�h�e� �r�e�l�a�t�i�v�e� �s�t�o�c�k� �d�e�n�s�i�t�y� �o�f� �f�i�s�h� �b�e�t�w�e�e�n� �m�e�m�o�r�a�b�l�e� �a�n�d� 
�t�r�o�p�h�y� �s�i�z�e�.� 

�I�n�s�t�a�n�t�a�n�e�o�u�s� �r�a�t�e� �o�f� �g�r�o�w�t�h� �(�i�n� �w�e�i�g�h�t�)� �f�o�r� �f�i�s�h� �i�n� �t�h�e� 
�i�t�h� �a�g�e� �g�r�o�u�p�.� 

�t�h� �M�e�a�n� �b�i�o�m�a�s�s� �f�o�r� �f�i�s�h� �i�n� �t�h�e� �i ��?� �a�g�e� �g�r�o�u�p�.� 

�N�u�m�b�e�r� �o�f� �f�i�s�h� �h�a�r�v�e�s�t�e�d� �(�c�a�t�c�h�)� �i�n� �t�h�e� �i�t�h� �a�g�e� �g�r�o�u�p� �i�n� 
�y�e�a�r� �j�.�-� 

�Y�i�e�l�d� �i�n� �w�e�i�g�h�t� �f�r�o�m� �t�h�e� �i�t�?� �a�g�e� �g�r�o�u�p� �n� �y�e�a�r� �j�.� �U�n�i�t�s� 
�c�o�r�r�e�s�p�o�n�d� �t�o� �t�h�o�s�e� �u�s�e�d� �i�n� �t�h�e� �l�e�n�g�t�h�-�w�e�i�g�h�t� �r�e�g�r�e�s�s�i�o�n� 
�f�r�o�m� �w�h�i�c�h� �w� �a�n�d� �y� �w�e�r�e� �o�b�t�a�i�n�e�d�.� 

�L�i�n�e�a�r� �c�o�e�f�f�i�c�i�e�n�t� �f�r�o�m� �l�e�n�g�t�h�~�w�e�i�g�h�t� �r�e�g�r�e�s�s�i�o�n�.� 

�E�x�p�o�n�e�n�t�i�a�l� �c�o�e�f�f�i�c�i�e�n�t� �f�r�o�m� �l�e�n�g�t�h�-�w�e�i�g�h�t� �r�e�g�r�e�s�s�i�o�n�.� 

�M�e�a�n� �a�g�e� �h�a�r�v�e�s�t�e�d� �i�n� �y�e�a�r� �}�j�.� 

�M�e�a�n� �l�e�n�g�t�h� �h�a�r�v�e�s�t�e�d� �i�n� �y�e�a�r� �j�.� 

�N�u�m�b�e�r� �o�f� �f�i�s�h� �c�a�u�g�h�t�,� �b�u�t� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �h�a�r�v�e�s�t�e�d�,� �i�n� 
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�M�o�r�t�a�l�i�t�y� �M�o�r�t�a�l�i�t�y� �M�o�r�t�a�l�i�t�y� �D�e�n�s�i�t�y� �(�a�g�e� �1�+�)� �P�r�e�s�s�u�r�e� 

�S�t�r�e�a�m�,� �S�t�a�t�e� �C�F ��)� �(�M�)� �c�h�m�)� �#�/�h�a� �h�r�/�h�a� 

�F�i�e�l�d� �e�s�t�i�m�a�t�e�s�:� 

�E�x�p�e�r�i�m�e�n�t�a�l �� 
�l�i�v�e� �b�a�i�t� �-�-� �-�-� �0�.�1�1� �-�-� �-�-� 
�a�r�t�i�f�i�c�i�a�l�s� �-�-� �-�-� �0�.�0�0� �7�°� �-�-� 

�E�x�p�e�r� �i�m�e�n�t�a�l�?� 
�m�o�u�t�h� �-�-� �-� �0�.�0�6� �-�-� �-�-� 
�g�i�l�l�s� �-�-� �-�-� �0�.�0�2� �-�-� �-� 
�e�s�o�p�h�a�g�u�s� �-�-� �-�-� �0�.�5�6� �-�-� �-�-� 

�G�a�l�e�n�a� �R�.�,� �W�I�?� �0�.�3�5� �0�.�4�3� �-�-� �3�6�1� �2�2�1� 
�P�a�t�s� �C�r�.�,� �W�I�?� �-�-� �-�-� �-�-� �1�7�0� �-�-� 
�P�l�o�v�e�r� �C�r�.�,� �W�I�*� �-�-� �-�-� �-�-� �1�1�8� �-�-� 
�R�e�d� �C�e�d�a�r� �R�.�,� �W�i �� �0�.�4�9� �0�.�3�1� �-�-� �1�3�2� �3�1�8� 
�R�e�d� �C�e�d�a�r� �R�.�,� �W�I�*� �0�.�4�2� �0�.�2�6� �-�-� �-�-� �-�-� 
�N�e�w� �R�i�v�e�r�,� �W�V�?� �1�.�0�1� �0�.�1�9� �-�-� �2�5�4� �-�-� 
�U�.� �J�a�m�e�s� �R�.�,� �V�A�°� �-�-� �-�-� �-�-� �1�1�8� �-�-� 
�L�.� �J�a�m�e�s� �R�.�,� �V�A �� �-�-� �-�-� �-�-� �3�7� �-�-� 
�H�u�z�z�a�h� �C�r�.�,� �M�O �� �-�-� �-�-� �7�?� �5�8� �-�-� 
�C�o�u�r�t�o�i�s� �C�r�.�,� �M�I�°� �0�.�9�4� �0�.�3�9� �-�-� �-�-� �3�6�7� 
�E�l�k�h�o�r�n� �C�r�.�,� �K�y�®� �0�.�3�9� �0�.�7�3� �-�-� �-�-� �-�-� 
�O�h�i�o� �R�.�,� �K�y �� �0�.�5�5� �0�.�6�1� �-�-� �-�-� �-� 
�S�l�a�t�e� �C�r�.�,� �K�y �� �0�.�1�5� �0�.�7�0� �-�-� �-�-� �-�-� 
�M�a�q�u�o�k�e�t�a� �R�.�,� �I�A �� 

�0�.�6�3� �0�.�3�5� �-�-� �=� �9�2�5� 
�M�a�q�u�o�k�e�t�a� �R�.�,� �I�A�"� 

�0�.�5�4� �0�.�3�3� �-�-� �-�-� �8�3�0� 

�R�e�f�e�r�e�n�c�e�s�:� 

�1�.� �C�h�a�p�p� �a�n�d� �C�l�a�r�k� �1�9�8�9� 
�2�.� �P�e�l�z�m�a�n� �1�9�7�8� 
�3�.� �F�o�r�b�e�s� �1�9�8�9� 
�4�.� �P�a�r�a�g�a�m�i�a�n� �a�n�d� �C�o�b�l�e� �1�9�7�5� 
�5�.� �R�o�e�l�l� �1�9�8�9� 
�6�.� �G�a�r�m�a�n� �e�t� �a�l�.� �1�9�9�1� 
�7�.� �F�l�e�e�n�e�r� �1�9�7�4�a� 
�8�.� �F�u�n�k� �1�9�7�5� 
�9�.� �C�r�o�w�e�l�l� �1�9�8�4� 
�1�0�.� �P�a�r�a�g�a�m�i�a�n� �1�9�8�4�a� 
�1�1�.� �P�a�r�a�g�a�m�i�a�n� �1�9�8�4�b



�2�6� 

�m�o�r�t�a�l�i�t�y� �i�n�c�l�u�d�e�s� �a� �c�o�m�p�o�n�e�n�t� �f�o�r� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y�.� �A�s� �t�h�e� 

�m�o�d�e�l� �c�o�n�s�i�d�e�r�s� �s�e�p�a�r�a�t�e� �c�o�m�p�o�n�e�n�t�s� �f�o�r� �n�a�t�u�r�a�l� �a�n�d� �h�o�o�k�i�n�g� 

�m�o�r�t�a�l�i�t�y�,� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �r�e�s�u�l�t�s� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �i�n�f�l�a�t�e�d� 

�v�a�l�u�e� �o�f� �n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y�.� �T�h�e� �p�r�o�b�a�b�i�l�i�t�y� �t�h�a�t� �a� �f�i�s�h� �o�f� 

�a�g�e� �i� �w�o�u�l�d� �d�i�e� �a�f�t�e�r� �b�e�i�n�g� �c�a�u�g�h�t� �a�n�d� �r�e�l�e�a�s�e�d� �w�a�s� �a�s�s�u�m�e�d� �t�o� 

�b�e� �0�.�2� �f�o�r� �a�l�l� �a�g�e�s� �(�C�l�a�r�k� �1�9�8�3�)�,� �a�n�d� �r�e�p�r�e�s�e�n�t�e�d� �a� �m�e�a�n� �f�o�r� 

�b�o�t�h� �b�a�i�t� �a�n�d� �a�r�t�i�f�i�c�i�a�l� �l�u�r�e� �u�s�e� �(�P�e�l�z�m�a�n� �1�9�7�8�;� �C�l�a�p�p� �a�n�d� 

�C�l�a�r�k� �1�9�8�9�)�.� �B�a�s�e�d� �o�n� �a� �n�e�g�a�t�i�v�e� �b�i�n�o�m�i�a�l� �d�i�s�t�r�i�b�u�t�i�o�n�,� �a� 

�m�e�a�n� �h�a�r�v�e�s�t� �p�e�r� �a�n�g�l�e�r�-�d�a�y� �o�f� �1�.�5� �a�n�d� �a� �k� �o�f� �0�.�2�5� �w�e�r�e� �u�s�e�d� 

�t�o� �d�e�s�c�r�i�b�e� �t�h�e� �h�a�r�v�e�s�t� �d�i�s�t�r�i�b�u�t�i�o�n� �(�W�a�g�n�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�)�.� 

�P�o�p�u�l�a�t�i�o�n� �p�a�r�a�m�e�t�e�r�s� �(�i�.�e�.�,� �a�g�e� �a�t� �f�i�r�s�t� �s�p�a�w�n�,� �m�e�a�n� �e�g�g� 

�c�o�n�t�e�n�t�,� �s�e�x� �r�a�t�i�o�,� �a�n�d� �h�a�t�c�h�i�n�g� �s�u�c�c�e�s�s�)� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�C�l�a�d�y� �(�1�9�7�5�)� �a�n�d� �C�a�r�l�a�n�d�e�r� �(�1�9�7�7�)�.� �D�e�n�s�i�t�y� �o�f� �a�g�e�-�1�+� �f�i�s�h� �w�a�s� 

�1�2�3� �f�i�s�h�/�h�a�,� �b�a�s�e�d� �o�n� �e�i�g�h�t� �f�i�e�l�d� �e�s�t�i�m�a�t�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �5�8� 

�f�i�s�h�/�h�a� �(�F�l�e�e�n�e�r� �1�9�7�4�a�)� �t�o� �3�6�1� �f�i�s�h�/�h�a� �(�F�o�r�b�e�s� �1�9�8�9�)� �f�o�r� �r�i�v�e�r� 

�p�o�p�u�l�a�t�i�o�n�s� �o�f� �s�m�a�l �� !"�7�o�u�t�h� �b�a�s�s�.� �T�h�e� �m�o�d�e�l� �i�s� �d�e�s�i�g�n�e�d� �t�o� 

�a�l�l�o�w� �f�o�r� �d�e�n�s�i�t�y�-�d�e�p�e�n�d�e�n�t� �r�e�s�p�o�n�s�e� �i�n� �a�g�e�-�1� �s�u�r�v�i�v�a�l� �b�y� 

�i�n�c�o�r�p�o�r�a�t�i�n�g� �t�h�e� �B�e�v�e�r�t�o�n� �a�n�d� �H�o�l�t �� �s�t�o�c�k�-�r�e�c�r�u�i�t�m�e�n�t� 

�f�u�n�c�t�i�o�n�.� �H�o�w�e�v�e�r�,� �f�o�r� �t�h�i�s� �s�t�u�d�y� �c�o�n�s�t�a�n�t� �r�e�c�r�u�i�t�m�e�n�t� �o�f� 

�1�0�0�,�0�0�0� �a�g�e�-�1� �f�i�s�h� �(�1�1�2� �f�i�s�h�/�h�a�)� �w�a�s� �a�s�s�u�m�e�d�,� �r�e�s�u�l�t�i�n�g� �i�n�a� 

�d�e�n�s�i�t�y�-�i�n�d�e�p�e�n�d�e�n�t� �v�a�l�u�e� �[�A�]� �f�o�r� �t�h�e� �B�e�v�e�r�t�o�n� �a�n�d� �H�o�l�t� �s�t�o�c�k�-� 

�r�e�c�r�u�i�t�m�e�n�t� �f�u�n�c�t�i�o�n� �o�f� �0�.�0�0�0�0�1�.� �U�s�i�n�g� �a�g�e�-�s�p�e�c�i�f�i�c� �m�o�r�t�a�l�i�t�y� 

�e�s�t�i�m�a�t�e�s�,� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �a�g�e�-�s�t�r�u�c�t�u�r�e� �(�a�s� �i�n�p�u�t� �t�o� �t�h�e� 

�m�o�d�e�l�)� �w�a�s� �d�e�t�e�r�m�i�n�e�d�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �p�o�p�u�l�a�t�i�o�n� �s�i�z�e� �o�f� 

�1�1�0�,�6�3�7� �a�g�e�-�1�+� �f�i�s�h�.� �T�h�e� �a�r�e�a� �e�n�c�o�m�p�a�s�s�e�d� �b�y� �t�h�e� �h�y�p�o�t�h�e�t�i�c�a�l



�2�7� 

�f�i�s�h�e�r�y� �w�a�s� �8�9�4� �h�e�c�t�a�r�e�s�.� 

�R�e�p�o�r�t�e�d� �a�n�g�l�i�n�g� �e�f�f�o�r�t� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�i�e�s� 

�r�a�n�g�e�s� �f�r�o�m� �2�2�1� �h�o�u�r�s�/�h�a� �(�F�o�r�b�e�s� �1�9�8�9�)� �t�o� �9�2�5� �h�o�u�r�s�/�h�a� 

�(�P�a�r�a�g�a�m�i�a�n� �1�9�8�4�a�)� �a�n�n�u�a�l�l�y�.� �I� �u�s�e�d� �m�e�a�n� �v�a�l�u�e�s� �f�o�r� �f�i�s�h�i�n�g� 

�m�o�r�t�a�l�i�t�y� �(�0�.�5�8�)� �a�n�d� �a�n�g�l�i�n�g� �e�f�f�o�r�t� �(�4�9�1� �h�o�u�r�s�/�h�a�)� �f�r�o�m� �F�u�n�k� 

�(�1�9�7�5�)�,� �P�a�r�a�g�a�m�i�a�n� �a�n�d� �C�o�b�l�e� �(�1�9�7�5�)�,� �C�r�o�w�e�l�l� �(�1�9�8�4�)�,� �F�o�r�b�e�s� 

�(�1�9�8�9�)�,� �a�n�d� �R�o�e�l�l� �(�1�9�8�9�)� �t�o� �c�a�l�c�u�l�a�t�e� �a� �c�a�t�c�h�a�b�i�l�i�t�y� 

�c�o�e�f�f�i�c�i�e�n�t� �(�q� �=� �F�/�f�)�.� �T�h�i�s� �c�a�t�c�h�a�b�i�l�i�t�y� �(�q�=�0�.�0�0�1�1�8�1�2�)� �w�a�s� 

�a�p�p�l�i�e�d� �t�o� �t�h�e� �f�i�s�h�i�n�g� �m�o�r�t�a�l�i�t�y� �i�n�p�u�t� �o�f� �0�.�4�4� �t�o� �o�b�t�a�i�n� �t�h�e� 

�a�n�g�l�i�n�g� �e�f�f�o�r�t� �o�f� �3�7�3� �h�o�u�r�s�/�h�a�,� �w�h�i�c�h� �i�s� �u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� 

�c�a�t�c�h�/�h�e�c�t�a�r�e�.� �|� 

�S�i�x�t�e�e�n� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �l�e�n�g�t�h� �a�n�d� �c�r�e�e�l� �l�i�m�i�t�s� �w�e�r�e� 

�s�i�m�u�l�a�t�e�d� �f�o�r� �5�0� �y�e�a�r�s�.� �F�i�v�e� �l�e�n�g�t�h� �l�i�m�i�t�s� �i�n�c�l�u�d�e�d� �m�i�n�i�m�u�m� 

�l�e�n�g�t�h� �l�i�m�i�t�s� �o�f� �1�1� �a�n�d� �1�4� �i�n�c�h�e�s�;� �a� �s�l�o�t� �l�e�n�g�t�h� �l�i�m�i�t� �o�f� �1�1�-� 

�1�4� �i�n�c�h�e�s�;� �a�n�d� �m�a�x�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�s� �o�f� �1�1� �a�n�d� �1�4� �i�n�c�h�e�s�.� 

�C�r�e�e�l� �l�i�m�i�t�s� �i�n�c�l�u�d�e�d� �0�,� �2�,� �4�,� �a�n�d� �6� �f�i�s�h� �p�e�r� �a�n�g�l�e�r�-�d�a�y�.� �A� 

�n�o� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o� �w�a�s� �a�l�s�o� �s�i�m�u�l�a�t�e�d�.� �A�n�g�l�e�r� �n�o�n�-� 

�c�o�m�p�l�i�a�n�c�e� �r�a�n�g�e�d� �f�r�o�m� �0�%� �t�o� �5�0�%�,� �i�n� �i�n�c�r�e�m�e�n�t�s� �o�f� �1�0�%�.� 

�V�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �r�a�t�e�s� �i�n�c�l�u�d�e�d� �2�0�%� �(�l�o�w�)�,� �5�0�%� �(�m�o�d�e�r�a�t�e�)�,� 

�a�n�d� �8�0�%� �(�h�i�g�h�)�.� �T�h�e� �s�i�x�t�e�e�n� �l�e�n�g�t�h� �a�n�d� �c�r�e�e�l� �l�i�m�i�t� �s�c�e�n�a�r�i�o�s� 

�a�n�d� �t�h�e� �n�o� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�,� �c�o�m�b�i�n�e�d� �w�i�t�h� �t�h�e� �1�8� 

�c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �r�e�s�u�l�t�e�d� 

�i�n� �3�0�6� �s�i�m�u�l�a�t�i�o�n�s�.� 

�K�e�n�d�a�l�l ��s� �t�e�s�t� �f�o�r� �c�o�n�c�o�r�d�a�n�c�e� �a�n�d� �F�r�i�e�d�m�a�n ��s� �T� �(�C�o�n�o�v�e�r� 

�1�9�7�1�)� �w�e�r�e� �u�s�e�d� �t�o� �t�e�s�t� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �t�h�e� �r�a�n�k�i�n�g�s



�2�8� 

�(�a�s� �r�a�n�k�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �c�a�t�c�h�,� �h�a�r�v�e�s�t�,� �y�i�e�l�d�,� �a�n�d� �P�S�D�)� �o�f� �t�h�e� 

�1�7� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s� �d�o� �n�o�t� �c�h�a�n�g�e� �a�m�o�n�g� �t�h�e� �1�8� 

�c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� 

�T�h�i�s� �t�e�s�t� �w�a�s� �u�s�e�d� �t�o� �a�s�s�e�s�s� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �s�p�e�c�i�f�i�c� 

�r�e�g�u�l�a�t�i�o�n�s� �a�t� �v�a�r�i�o�u�s� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� 

�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� �F�o�r� �e�a�c�h� �d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e� �(�i�.�e�.�,� �c�a�t�c�h�,� 

�h�a�r�v�e�s�t�,� �y�i�e�l�d�,� �a�n�d� �P�S�D�)�,� �t�h�e� �1�7� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s� �(�k�=�1�7�)� 

�w�e�r�e� �r�a�n�k�i�n�g� �f�r�o�m� �h�i�g�h�e�s�t� �t�o� �l�o�w�e�s�t�,� �f�o�r�m�i�n�g� �a� �m�a�t�r�i�x� �o�f� 

�a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �[�0�%� �t�o� �5�0�%�]� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �[�2�0�%�,� 

�5�0�%�,� �a�n�d� �8�0�%�]� �(�b�=�1�8�)�.� �K�e�n�d�a�l�l ��s� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �c�o�n�c�o�r�d�a�n�c�e� 

�w�a�s� �e�s�t�i�m�a�t�e�d� �w�i�t�h� �t�h�e� �f�o�r�m�u�l�a�:� 

�W� �=� �-�n�e�n�e�e�e�e� �e�e�e� �e�e�e� �*� �5� �[�R�,� �-� �b�(�k�+�1�)�/�2�]�?� �(�4�)� 
�b�?�*�#�k�*� �(�k�+�1�)� �*�(�k�-�1�)� 

�w�h�e�r�e�:� �W�=�K�e�n�d�a�l�l ��s� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �c�o�n�c�o�r�d�a�n�c�e� 
�(�v�a�r�i�e�s� �f�r�o�m� �0� �t�o� �1�,� �w�h�e�r�e� �o� �i�s� �n�o� 
�c�o�n�c�o�r�d�a�n�c�e� �a�n�d� �1� �i�s� �c�o�m�p�l�e�t�e� 
�c�o�n�c�o�r�d�a�n�c�e�)�,� 

�R�)�=�t�h�e� �s�u�m� �o�f� �t�h�e� �r�a�n�k�s� �a�s�s�i�g�n�e�d� �t�o� �t�h�e� �j!"� 
�S�a�m�p�l�e�,� �w�h�e�r�e� �j� �=� �1�,�2�,� �.�.�.�,� �k�,� 

�b�=�t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �b�l�o�c�k�s� �u�s�e�d� �i�n� �t�h�e� 
�a�n�a�l�y�s�i�s�,� �w�h�e�r�e� �a� �b�l�o�c�k� �c�o�n�s�i�s�t�s� �o�f� 
�k� �e�x�p�e�r�i�m�e�n�t�a�l� �u�n�i�t�s� �w�h�i�c�h� �h�a�v�e� 
�s�o�m�e�t�h�i�n�g� �i�n� �c�o�m�m�o�n�,� �a�n�d� 

�k�=�t�h�e� �n�u�m�b�e�r� �o�f� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s� �u�s�e�d�.� 

�F�r�i�e�d�m�a�n ��s� �t�e�s�t� �s�t�a�t�i�s�t�i�c� �w�a�s� �e�s�t�i�m�a�t�e�d� �w�i�t�h� �t�h�e� �f�o�r�m�u�l�a�:� 

�T� �=� �W�k�b�*�(�k�-�1�)� �(�5�)� 

�B�r�o�w�n ��s� �m�e�d�i�a�n� �s�c�o�r�e� �t�e�s�t� �(�S�A�S� �I�n�s�t�i�t�u�t�e� �I�n�c�.� �1�9�8�8�)� �w�a�s



�2�9� 

�u�s�e�d� �t�o� �t�e�s�t� �t�h�e� �n�u�l�l� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �t�h�e� �m�e�d�i�a�n� �s�c�o�r�e� �(�f�o�r� 

�P�S�D�,� �c�a�t�c�h�,� �h�a�r�v�e�s�t�,� �a�n�d� �y�i�e�l�d�)� �a�m�o�n�g� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s� �d�i�d� 

�n�o�t� �v�a�r�y� �w�i�t�h� �c�h�a�n�g�e�s� �i�n� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�.� �E�a�c�h� �d�e�c�i�s�i�o�n� 

�v�a�r�i�a�b�l�e� �w�a�s� �t�e�s�t�e�d� �s�e�p�a�r�a�t�e�l�y� �a�t� �t�h�e� �t�h�r�e�e� �l�e�v�e�l�s� �o�f� 

�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �i�n� �o�r�d�e�r� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� 

�e�a�c�h� �d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e� �t�o� �c�h�a�n�g�e�s� �i�n� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�t� 

�d�i�f�f�e�r�e�n�t� �l�e�v�e�l�s� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� 

�D�i�r�e�c�t�i�o�n�a�l� �c�h�a�n�g�e�s� �i�n� �c�a�t�c�h�,� �P�S�D�,� �h�a�r�v�e�s�t�,� �a�n�d� �y�i�e�l�d� 

�w�i�t�h� �v�a�r�i�a�b�l�e� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� 

�r�e�l�e�a�s�e�,� �w�e�r�e� �a�s�s�e�s�s�e�d� �b�y� �i�m�p�o�s�i�n�g� �a� �1�4�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� 

�l�i�m�i�t� �a�n�d� �6� �f�i�s�h�/�d�a�y� �c�r�e�e�l� �l�i�m�i�t� �(�a� �c�o�m�m�o�n� �s�e�t� �o�f� �r�e�g�u�l�a�t�i�o�n�s� 

�u�s�e�d� �i�n� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�i�e�s�)� �o�n� �a� �p�r�e�v�i�o�u�s�l�y� �u�n�r�e�g�u�l�a�t�e�d� 

�s�y�s�t�e�m�.� �E�i�g�h�t�e�e�n� �s�i�m�u�l�a�t�i�o�n�s� �w�e�r�e� �r�u�n� �(�s�i�x� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� 

�n�o�n�-�c�o�m�p�l�i�a�n�c�e� �x� �t�h�r�e�e� �l�e�v�e�l�s� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�)�.� �T�h�e� 

�i�m�p�o�r�t�a�n�c�e� �o�f� �t�e�s�t�i�n�g� �f�o�r� �d�i�r�e�c�t�i�o�n�a�l� �c�h�a�n�g�e�s� �w�a�s� �t�o� �d�e�t�e�r�m�i�n�e� 

�h�o�w� �m�u�c�h� �o�f� �a� �c�h�a�n�g�e� �i�n� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �w�o�u�l�d� �c�o�u�n�t�e�r�-� 

�b�a�l�a�n�c�e� �t�h�e� �e�f�f�e�c�t� �o�f� �a� �r�e�g�u�l�a�t�i�o�n�.� 

�T�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �n�a�t�u�r�a�l� �a�n�d� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �t�o� �m�o�d�e�l� 

�r�e�s�u�l�t�s� �(�w�i�t�h� �a� �1�2�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t� �a�n�d� �6� �f�i�s�h�/�d�a�y� 

�c�r�e�e�l� �l�i�m�i�t�)� �w�a�s� �t�e�s�t�e�d�.� �B�o�t�h� �m�o�r�t�a�l�i�t�y� �r�a�t�e�s� �w�e�r�e� �i�n�c�r�e�a�s�e�d� 

�a�n�d� �d�e�c�r�e�a�s�e�d� �b�y� �1�0�%�,� �2�0�%�,� �a�n�d� �3�0�%�,� �t�o� �a�c�c�o�u�n�t� �f�o�r� �i�n�h�e�r�e�n�t� 

�b�i�a�s�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�s�t�i�m�a�t�i�n�g� �t�h�e� �t�w�o� �p�a�r�a�m�e�t�e�r�s�.� �F�o�r� 

�t�h�i�s� �p�a�r�t�i�c�u�l�a�r� �a�n�a�l�y�s�i�s�,� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� 

�r�e�l�e�a�s�e� �w�e�r�e� �h�e�l�d� �c�o�n�s�t�a�n�t� �a�t� �2�0�%� �a�n�d� �5�0�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.



�3�0� 

�R�e�s�u�l�t�s� 

�R�a�n�k�i�n�g� �o�f� �R�e�g�u�l�a�t�i�o�n�s� 

�F�o�r� �e�a�c�h� �o�f� �t�h�e� �f�o�u�r� �d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s�,� �P�S�D�,� �c�a�t�c�h�,� 

�h�a�r�v�e�s�t�,� �a�n�d� �y�i�e�l�d�,� �t�h�e� �s�i�x� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� 

�a�n�d� �t�h�r�e�e� �l�e�v�e�l�s� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �h�a�d� �l�i�t�t�l�e� �e�f�f�e�c�t� �o�n� �t�h�e� 

�r�a�n�k�i�n�g� �o�f� �t�h�e� �1�7� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s� �(�F�i�g�u�r�e�s� �2�-�9�,� �A�p�p�e�n�d�i�x� 

�A�)�.� �K�e�n�d�a�l�l ��s� �t�e�s�t� �s�t�a�t�i�s�t�i�c� �(�W�)� �r�a�n�g�e�d� �f�r�o�m� �0�.�9�8�6�1� �f�o�r� �y�i�e�l�d� 

�t�o� �0�.�9�9�9�1� �f�o�r� �c�a�t�c�h� �(�T�a�b�l�e� �5�)�,� �w�h�i�c�h� �i�s� �i�n�t�e�r�p�r�e�t�e�d� �t�o� �m�e�a�n� 

�t�h�a�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �r�a�n�k�i�n�g�s� �o�f� �t�h�e� �1�7� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s� 

�w�i�t�h� �v�a�r�i�a�b�l�e� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �p� �<� 

�0�.�0�0�1�.� �.� 

�T�h�e� �m�o�s�t� �r�e�s�t�r�i�c�t�i�v�e� �r�e�g�u�l�a�t�i�o�n� �(�0�/�d�a�y� �c�r�e�e�l� �l�i�m�i�t�)� 

�c�o�n�s�i�s�t�e�n�t�l�y� �r�a�n�k�e�d� �t�h�e� �h�i�g�h�e�s�t� �f�o�r� �c�a�t�c�h� �a�n�d� �P�S�D�,� �f�o�l�l�o�w�e�d� �b�y� 

�t�h�e� �1�4�-�i�n�c�h� �m�i�n�i�m�u�m� �a�n�d� �t�h�e� �1�l�l�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�s�.� 

�T�h�e� �1�1�-�1�4� �i�n�c�h� �s�l�o�t�,� �l�1�l�-�i�n�c�h� �m�a�x�i�m�u�m�,� �a�n�d� �1�4�-�i�n�c�h� �m�a�x�i�m�u�m� 

�l�e�n�g�t�h� �l�i�m�i�t�s� �c�o�n�s�i�s�t�e�n�t�l�y� �r�e�s�u�l�t�e�d� �i�n� �l�o�w� �s�c�o�r�e�s�.� �T�h�e� �n�o� 

�r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o� �s�c�o�r�e�d� �t�h�e� �l�o�w�e�s�t� �i�n� �a�l�l� �c�a�s�e�s�.� �T�h�e� 

�o�p�p�o�s�i�t�e� �r�a�n�k�i�n�g�s� �e�x�i�s�t� �f�o�r� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d�.� �T�h�e� �n�o� 

�r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �g�r�e�a�t�e�s�t� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� 

�(�1�.�e�.�,� �h�i�g�h�e�s�t� �s�c�o�r�e�s�)�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �1�1�-�1�4� �i�n�c�h� �s�l�o�t�,� �1�1�-� 

�i�n�c�h� �m�a�x�i�m�u�m�,� �a�n�d� �1�4�-�i�n�c�h� �m�a�x�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�s�.� �T�h�e� �1�1�-�i�n�c�h� 

�m�i�n�i�m�u�m� �a�n�d� �1�4�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�s� �w�e�r�e� �c�o�n�s�i�s�t�e�n�t�l�y� 

�r�a�n�k�e�d� �n�e�a�r� �t�h�e� �b�o�t�t�o�m�,� �w�i�t�h� �t�h�e� �0�/�d�a�y� �r�e�g�u�l�a�t�i�o�n� �s�c�o�r�i�n�g� �t�h�e� 

�l�o�w�e�s�t�.
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�C�a�t�c�h� 
�2�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� 

�R�E�G�U�L�A�T�I�O�N� 

�1�4�m�i�n� 

�1�4�m�i�n� 

�1�4�m�i�n� 

�T�i�m�i�n� 

�m�i�n� 

�T�i�m�i�n� 

�1�i�m�a�x� 

�1�1�-�1�4� 

�1�4�m�a�x� 

�t�i�m�a�x� 

�1�-�1�4� 

�1�4�m�a�x� 

�T�i�m�a�x� 

�1�1�-�1�4� 

�1�4�m�a�x� 

�0�/�d� 
�2�/�d� 
�4�/�d� 
�6�/�d� 
�2�/�d� 
�4�/�d� 
�6�/�d� 
�2�/�d� 
�2�/�d� 
�2�/�d� 
�4�/�d� 
�4�/�d� 
�4�/�d� 
�6�/�d� 
�6�/�d� 
�6�/�d� 

�n�o�n�e� 

� � 

�R�I�M� �N�W� �0�0� 

�S�A�A�S� �S�S�S� �S�S� �S�D�S�S� �S�U�S�E� �S�S�O� �S�S�S�R� 

�R�N�I�N� 

�K�R� �S�S�S� 

�R�I�M� �o�T� �O�D� 

�R�I�M�M�E�D� �F�D� 

�A�N�N� �D�O� 

�R�X� �S�S�O� �O�S�E�S� �S�S�S� �S�O�S� �S�S� 

�I�R�I�S� �S�S�S� �S�S�S� �S�S�S� 

�R�I�K�I� �R�I� 

�K�Y�M� 

�R�h�i�n�e� 

�R�R�R� �N�W�o�H�I�W� �D�D�D� �D�D� 

�R�I�X� 

�R�A�N�K�S� �S�S�S� �S�S�S� �S�S�S� 

�R�U�F�F� 

�|� �1� �_� 

�0� �0�.�0�2� �0�.�0�4� �0�.�0�6� �0�.�0�8� �0�.�1� 

�C�a�t�c�h� �(�#�/�h�o�u�r�)� 

� � 
�0�.�1�2� 

� � 

�W�E� �1�0�0�%� �C�o�m�p�l�.� 
� � 

�5�0�%� �C�o�m�p�l�.� 
� � � � 

�F�i�g�u�r�e� �2�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �r�e�g�u�l�a�t�i�o�n� �e�f�f�e�c�t�i�v�e�n�e�s�s� �f�o�r� 
�c�a�t�c�h�.� �D�a�t�a� �t�a�k�e�n� �f�r�o�m� �A�p�p�e�n�d�i�x� �A�.



�8�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� 

�R�E�G�U�L�A�T�I�O�N� 

�O�/�d� 

�1�4�m�i�n� �2�/�d� 

�1�4�m�i�n� �4�/�d� 

�1�4�m�i�n� �6�/�d� 

�1�i�m�i�n� �2�/�d� 

�T�i�m�i�n� �4�/�d� 

�1�i�m�i�n� �6�/�d� 

�i�m�a�x� �2�/�d� 

�1�1�-�1�4� �2�/�d� 

�1�4�m�a�x� �2�/�d� 

�1�i�m�a�x� �4�/�d� 

�1�1�-�1�4� �4�/�d� 

�1�4�m�a�x� �4�/�d� 

�l�i�m�a�x� �6�/�d� 
�1�1�-�1�4� �6�/�d� 

�1�4�m�a�x� �6�/�d� 

�n�o�n�e� 

�3�2� 

�C�a�t�c�h� 

� � 

�)� 

�A�N�D�O� �D�O�F� 

�R�N�S� �S�S�S� �S�S�S� 

�R�N�I�D� �T�O� �D�F� �F�T�O� 

�E�M�M� �S�S�S� 

�A�I�I�M� �F�F� 

�K�I�S�S� �A�S�R�S� �A�S�U�S� �S�U�S�U� 

�R�I�S�E�S� �S�E�S�S� �S�S�S� 

�K�I�S� �E�I�E� �S�S�S�S�S�S� 

�K�I�M�I� �S�S�S� 

�R�A�N�I� �F�F�F� 

�R�U�N�O�F�F� 

�N�Y�S� �S�S�S� �S�S�S� 

�M�X�R� �S�S�S� �S�I�S�O�S� �U�S�S�U� �S�S�S� �S�S�O� 

�K�I�S�S� �S�S�U�E�S� �S�S�S� �S�S�S� 

�K�X� �S�S�S� �S�S� �S�R�S� �S�S�S� 

�R�A�I�D� �D�O� �F�o� 

�_�_�|� �_�_� �|� �_�_�|� 

�C�a�t�c�h� �(�#�/�h�o�u�r�)� 

�0�.�0�2� �0�.�0�4� �0�.�0�6� �0�.�0�8� �0�.�1� 

� � 
�a� 

�0�.�1�2� 

� � 

�W�T� �1�0�0�%� �C�o�m�p�l�.� 
� � 

�5�0�%� �C�o�m�p�l�.� 
� � 

�F�i�g�u�r�e� �3�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �r�e�g�u�l�a�t�i�o�n� �e�f�f�e�c�t�i�v�e�n�e�s�s� �f�o�r� 
�c�a�t�c�h�.� �D�a�t�a� �t�a�k�e�n� �f�r�o�m� �A�p�p�e�n�d�i�x� �A�.



�3�3� 

�H�a�r�v�e�s�t� 
�2�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� 

�R�E�G�U�L�A�T�I�O�N� 
� � 

�O�/�d� �M�M�M�M� 

�1�4�m�i�n� �2�/�d� �u�m� 

�1�4�m�i�n� �4�/�d� �K�u�m� 

�1�4�m�i�n� �6�/�d� �M�u�m�m� 

�1�i�m�i�n� �2�/�d� �S�i�u� 

�i�i�m� �i� �n� �4� �/� �d� �R�I�A�A� �F�F�E� 

�i�m� �j� �n� �6� �/� �d� �R�Y�T� �U�A�L�S� 

�T�i�m�a�x� �2�/�d� �R�M� 

�1�1�-�1�4� �2�/�d� �M�M�M�M� �T�T� 

�1�4�m�a�x� �2�/�d� �M�M�U� 

�T�A�T� �A�X� �4�/� �C�o� �A�A�M�T� 

�1�1�-�1�4� �4�/�d� �A�M�M� 

�1�4�m�a�x� �4�/�d� �A�m� 

�1�1�i�M�a�X� �6�/�d� �R�A�M� �T� 

�1�1�-�1�4� �6�/�d� �A�M�M� 

�1�4� �m�a�x� �2� �/� �d� �R�U�S�S�O� �S�S� 

�n�o�n�e� �L�  ��_�t� �_�i� �_�l� �_�_� 

�0� �5� �1�0� �1�5� �2�0� �2�5� �3�0� 

�H�a�r�v�e�s�t� �(�#�/�h�e�c�t�a�r�e�)� 

� � 
� � 

�M�M� �1�0�0�%� �C�o�m�p�l�.� �5�0�%� �C�o�m�p�l�.� 

�F�i�g�u�r�e� �4�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �r�e�g�u�l�a�t�i�o�n� �e�f�f�e�c�t�i�v�e�n�e�s�s� �f�o�r� 
�h�a�r�v�e�s�t�.� �D�a�t�a� �t�a�k�e�n� �f�r�o�m� �A�p�p�e�n�d�i�x� �A�.� 

� � � � � 



�3�4� 

�H�a�r�v�e�s�t� 
�8�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� 

�R�E�G�U�L�A�T�I�O�N� 

�0�/�d� 
�1�4�m�i�n� �2�/�d� 
�1�4�m�i�n� �4�/�d� 

�1�4�m�i�n� �6�/�d� 

�T�i�m�i�n� �2�/�d� 
�t�i�m�i�n� �4�/�d� 

�t�i�m�i�n� �6�/�d� 
�l�i�m�a�x� �2�/�d� 

�1�1�-�1�4� �2�/�d� 
�1�4�m�a�x� �2�/�d� 

�t�i�m�a�x� �4�/�d� 

�1�1�-�1�4� �4�/�d� 
�1�4�m�a�x� �4�/�d� 
�t�i�m�a�x� �6�/�d� 

�1�1�-�1�4� �6�/�d� 
�1�4�m�a�x� �6�/�d� 

�n�o�n�e� 

�0� �2� �4� �6� �8� 

� � 

�R�R�N�A� �o�F� 

�R�E�E� �U�S�S�S� 

�I�X�Y� �S�S� �S�S�S� �S�G� 

�R�F�D� �F�F�F� 

�H�R� �U�R�S� �S�S� �S�S�S� �S�O� 

�M�Y�S�I�M�S� �S�S�S� �S�S�D�S� 

�N�S�I�S� �O�R�E� �S�S�S�A� �N�S�D� �S�A�S�S�Y� 

�R�R�M�.� �;� �W�w�W� �D�D�D� �D�D� 

�K�I� �S�S� 

�R�R�A� 

�N�O�S� 

�N�O�A�M� �D�R�O� 

�E�R� �h�&�h�&�h�h�h�@�h�h�h�n�h�h� �K�S� 

�N�I�S�S�E�N� �S�S�S�I� �S�N�S� �T�O�I�S�A�S� �S�O�I�S� �S�S�O� �S�S�S�R� 

�R�V�I� �F�R� �0�0� �O�o� �o�O� �0�0� 

�R�X� 

�_� �_�t� �|� �_�|� �i� �j� 

�1�0� �1�2� 

�H�a�r�v�e�s�t� �(�#�/�h�e�c�t�a�r�e�)� 

� � 
� � 

�W�E� �1�0�0�%� �C�o�m�p�l�.� �5�0�%� �C�o�m�p�l�.� 
� � � � 
� � 

�F�i�g�u�r�e� �5�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �r�e�g�u�l�a�t�i�o�n� �e�f�f�e�c�t�i�v�e�n�e�s�s� �f�o�r� 
�h�a�r�v�e�s�t�.� �D�a�t�a� �t�a�k�e�n� �f�r�o�m� �A�p�p�e�n�d�i�x� �A�.



�3�5� 

�Y�i�e�l�d� 
�2�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� 

�R�E�G�U�L�A�T�I�O�N� 
� � 

�O�/� �d� �T�a�i� �F�F�F� 

�1�4�m�i�n� �2�/�d� �R�M�U� 

�1�4�m�i�n� �4�/�d� �M�M�M�M� �M�M�M�M� 

�1�4�m�i�n� �6�/�d� �R�M�U� 

�T�i�m�i�n� �2�/�d� �M�M� 

�T�i�m�M�i�I�n� �4�/�d� �W�M�T� 

�1� �1� �m� �i� �n� �6� �/� �d� �R�Y� 

�T�i�m�a�x� �2�/�d� �M�M�M�M� 

�1�1�-�1�4� �2�/�d� �K�A�M� �T�N� 

�1�4�m�M�a�x� �2�/�d� �R�A�M� �m�n� 

�T�i�m�a�x� �4�/�d� �M�M�M�M� �M�T� 

�1�1�-�1�4� �4�/� �c�d� �R�A�T�T� 

�T�O�K� �4�/� �A�A�A� 

�1�i�M�a�x� �6�/�d� �R�A�M� �T�T�T� 

�1�1�-�1�4� �6�/�d� �A�M�M�O� 

�D�4� �a�X� �S�/�R� 

�n�o�n�e� �_� �|� �_� �_� �_�_� �i� 

�0� �1� �2� �3� �4� �5� �6� 

�Y�i�e�l�d� �(�K�g�/�h�e�c�t�a�r�e�)� 

� � 
� � 

�W�E� �1�0�0�%� �C�o�m�p�l�.� �5�0�%� �C�o�m�p�l�.� 
� � � � � � 

�F�i�g�u�r�e� �6�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �r�e�g�u�l�a�t�i�o�n� �e�f�f�e�c�t�i�v�e�n�e�s�s� �f�o�r� 
�y�i�e�l�d�.� �D�a�t�a� �t�a�k�e�n� �f�r�o�m� �A�p�p�e�n�d�i�x� �A�.



�3�6� 

�Y�i�e�l�d� 
�8�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� 

�R�E�G�U�L�A�T�I�O�N� 
� � 

�0�/� �d� �N�R�.� �D�T� �F�F�F� 

� � 
� � 

�1� �4� �m� �i� �n� �2� �/� �d� �R�A�E�I� �S�S� �K�S� �S�S� �O�A�R�S� 

�1� �4� �m� �i� �n� �4� �/� �d� �R�R�M� �F�F�F� �F�O� 

�1� �4� �m� �i� �n� �6� �/� �d� �R�X� �S�S�S� 

�1� �1� �m� �i� �n� �2� �/� �d� �R�E� 

�1� �1� �m� �i� �n� �4� �/� �d� �R�X�R� �F�F�F� �R�D� �0� 

�1� �1� �m� �i� �n� �6� �/� �d� �R�M�N� 

�1� �1� �m�a�x� �2� �/� �d� �R�I�I� �R�F�F� �F�F� �D�O� 

�1� �1� �-�1� �4� �2� �/� �d� �I�R�I�S� 

�1� �4� �m�a�x� �2� �/� �d� �N�I�I� �F�o� �D�o�.� �0�0�0� �F�F� 

�1� �1� �m�a�x� �4� �/� �d� �R�Y�E� �A�S� �S�S� �R�E�S�U�S� �S�S�S�A� 

�1� �1� �-� �1� �4� �4� �/� �d� �M�I�M�S� �D�O�R�I�S� �S�O�O�N� 

�1� �4� �m�a�x� �4� �/� �d� �R�A�S�S� �I�S�S�O� 

�1� �1� �m�a�x� �6� �/� �d� �H�R�S� �R�S�S� �R�O�S�S�A� 

�1� �1� �-�1� �4� �6� �/� �d� �K�S� �S�S�O� 

�1� �4� �m�a�x� �6� �/� �d� �R�N�A�I� �R�R� �R�D� 

�n�o�n�e� �J� �|� �_�_�|� �_�_�_�_�|� 

�0� �1� �2� �3� �4� 

�Y�i�e�l�d� �(�K�g�/�h�e�c�t�a�r�e�)� 
� � 

�M�M� �1�0�0�%� �C�o�m�p�l�.� �5�0�%� �C�o�m�p�l�.� 

�F�i�g�u�r�e� �7�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �r�e�g�u�l�a�t�i�o�n� �e�f�f�e�c�t�i�v�e�n�e�s�s� �f�o�r� 
�y�i�e�l�d�.� �D�a�t�a� �t�a�k�e�n� �f�r�o�m� �A�p�p�e�n�d�i�x� �A�.� 

� � 
� 



�3�7� 

�P�S�D� 
�2�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� 

�R�E�G�U�L�A�T�I�O�N� 
� � 

�O�/�d� �M�m�m�m� 

�1�4�m�i�n� �2�/�d� �M�M�M�M� 

�1�4�m�i�n� �4�/�d� �M�M�M� 

�1�4�m�i�n� �6�/�d� �A�M�M� 

�T�i�m�i�n� �2�7�d� �R�m� 

�T�i�m�i�n� �4�/�d� �(�M�m�m�m� 

�T�i�m�i�n� �6�/�d� �(�m�u� 

�T�i�m�a�x� �2�/�d� �S�M�M� 

�1�1�-�1�4� �2�/�d� �M�M�M�M� 

�1�4�m�a�x� �2�/�d� �M�M�M�M� 

�1�i�m�a�x� �4�/�d� �[�M�M�M�M� 

�1�1�-�1�4� �4�/�d� �M�M�M� 

�1�4�m�a�x� �4�/�d� �[�M�M�M�M� 

�T�i�m�a�x� �6�/�d� �M�M�M�M� 

�1�1�-�1�4� �6�/�d� �S�M�M� 

�1�4�m�a�x� �6�/�d� �M�M� � � �n�o�n�e� �_�_�|� �_�t� �|� �_�_�|� �_�|� �|� 

�0� �0�.�0�5� �0�.�1� �0�.�1�5� �0�.�2� �0�.�2�5� �0�.�3� �0�.�3�5� �0�.�4� 

� � 

�H�E� �1�0�0�%� �C�o�m�p�l�.� �5�0�%� �C�o�m�p�l�.� 
� � � � 

� � 

�F�i�g�u�r�e� �8�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �r�e�g�u�l�a�t�i�o�n� �e�f�f�e�c�t�i�v�e�n�e�s�s� �f�o�r� 
�P�S�D�.� �D�a�t�a� �t�a�k�e�n� �f�r�o�m� �A�p�p�e�n�d�i�x� �A�.



�8�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� 

�R�E�G�U�L�A�T�I�O�N� 

�O�/�d� 

�1�4�m�i�n� �2�/�d� 

�1�4�m�i�n� �4�/�d� 

�1�4�m�i�n� �6�/�d� 

�1�i�m�i�n� �2�/�d� 

�l�i�m�i�n� �4�/�d� 

�t�i�m�i�n� �6�/�d� 

�l�i�m�a�x� �2�/�d� 

�1�1�-�1�4� �2�/�d� 
�1�4�m�a�x� �2�/�d� 

�l�i�m�a�x� �4�/�d� 

�1�1�-�1�4� �4�/�d� 

�1�4�m�a�x� �4�/�d� 

�l�i�m�a�x� �6�/�d� 

�1�1�-�1�4� �6�/�d� 

�1�4�m�a�x� �6�/�d� 

�n�o�n�e� 

�3�8� 

�P�S�D� 

� � 

�M�E� �S�S�S� 

�R�I�E� 

�K�X� 

�R�M�R�.� �F�N� 

�R�S�S� 

�R�I�M� �S�S�S� 

�M�I� �S�S� 

�R�S�M� �S�S�S� 

�R�I�M� 

�R�M�S� �S�S� 

�R�R� 

�S�I�R�I� 

�R�E�I�S�S� 

�R�I�M�E�S� 

�R�I� 

�R�R�S� �S�S� 

�!� �|� �i� �|� �|� �|� � � 
�0� �0�.�0�5� �0�.�1� �0�.�1�5� �0�.�2� �0�.�2�5� �0�.�3� �0�.�3�5� �0�.�4� 

� � 

�5�0�%� �C�o�m�p�l�.� 

�F�i�g�u�r�e� �9�.� �C�o�m�p�a�r�i�s�o�n� �o�f� �r�e�g�u�l�a�t�i�o�n� �e�f�f�e�c�t�i�v�e�n�e�s�s� �f�o�r� 
�P�S�D�.� �D�a�t�a� �t�a�k�e�n� �f�r�o�m� �A�p�p�e�n�d�i�x� �A�.� 

�H�E� �1�0�0�%� �C�o�m�p�l�.� 
� � � � � 



�3�9� 

� � 

� � 

�T�a�b�l�e� �5�.� �K�e�n�d�a�l�l ��s� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �c�o�n�c�o�r�d�a�n�c�e� �(�W�)� �a�n�d� 
�F�r�i�e�d�m�a�n ��s� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�e�s�t� �s�t�a�t�i�s�t�i�c� �(�T�)� �a�c�r�o�s�s� 
�t�h�e� �1�7� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s�,� �s�i�x� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� 
�n�o�n�-�c�o�m�p�l�i�a�n�c�e�,� �a�n�d� �t�h�r�e�e� �l�e�v�e�l�s� �o�f� �v�o�l�u�n�t�a�r�y� 
�r�e�l�e�a�s�e�.� �V�a�l�u�e�s� �f�o�r� �P�S�D�,� �c�a�t�c�h�,� �h�a�r�v�e�s�t�,� �a�n�d� �y�i�e�l�d� 
�a�r�e� �s�h�o�w�n�.� 

�D�e�c�i�s�i�o�n� �K�e�n�d�a�l�l ��s� �F�r�i�e�d�m�a�n ��s� �S�i�g�n�i�f�i�c�a�n�c�e� 
�V�a�r�i�a�b�l�e� �(�W�)� �(�T�)� �l�e�v�e�l� 

�P�S�D� �0�.�9�9�6�5� �2�8�7�.�7� �p� �<� �0�.�0�0�1� 

�C�a�t�c�h� �0�.�9�9�9�1� �2�8�5�.�2� �p� �<� �0�.�0�0�1� 

�H�a�r�v�e�s�t� �0�.�9�9�0�4� �2�8�4�.�0� �p� �<� �0�.�0�0�1� 

�Y�i�e�l�d� �0�.�9�8�6�1� �2�8�7�.�0� �p� �<� �0�.�0�0�1� 

� 



�4�0� 

�T�h�e�s�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �t�h�a�t�,� �a�l�t�h�o�u�g�h� �c�a�t�c�h�,� �h�a�r�v�e�s�t�,� 

�y�i�e�l�d�,� �a�n�d� �P�S�D� �m�a�y� �v�a�r�y� �a�m�o�n�g� �r�e�g�u�l�a�t�i�o�n�s� �d�u�e� �t�o� �a�n�g�l�e�r� 

�b�e�h�a�v�i�o�r�,� �m�u�l�t�i�p�l�e� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� 

�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �h�a�v�e� �l�i�t�t�l�e� �i�m�p�a�c�t� �o�n� �w�h�i�c�h� �r�e�g�u�l�a�t�i�o�n�s� �w�o�r�k� 

�b�e�s�t� �f�o�r� �s�p�e�c�i�f�i�c� �c�o�n�d�i�t�i�o�n�s� �o�f� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r�.� 

�I�n�f�l�u�e�n�c�e� �o�f� �A�n�g�l�e�r� �N�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �V�o�l�u�n�t�a�r�y� �R�e�l�e�a�s�e� 

�M�e�d�i�a�n� �s�c�o�r�e�s� �f�o�r� �P�S�D�,� �c�a�t�c�h�,� �h�a�r�v�e�s�t�,� �a�n�d� �y�i�e�l�d� �v�a�r�i�e�d� 

�c�o�n�s�i�d�e�r�a�b�l�y� �a�m�o�n�g� �t�h�e� �s�i�x� �l�e�v�e�l�s� �o�f� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �t�h�r�e�e� 

�l�e�v�e�l�s� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �(�T�a�b�l�e� �6�)�.� �H�o�w�e�v�e�r�,� �c�a�t�c�h�,� �P�S�D�,� 

�h�a�r�v�e�s�t�,� �a�n�d� �y�i�e�l�d� �w�e�r�e� �i�n�s�i�g�n�i�f�i�c�a�n�t� �a�t� �p� �<� �0�.�0�5�.� �T�h�e� �l�e�v�e�l� 

�o�f� �s�i�g�n�i�f�i�c�a�n�c�e� �f�o�r� �a�l�l� �f�o�u�r� �v�a�r�i�a�b�l�e�s� �o�v�e�r� �s�i�x� �l�e�v�e�l�s� �o�f� 

�a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �t�h�r�e�e� �l�e�v�e�l�s� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� 

�v�a�r�i�e�d� �l�i�t�t�l�e�,� �r�a�n�g�i�n�g� �f�r�o�m� �p� �<� �0�.�0�0�9� �t�o� �p� �<� �0�.�0�0�0�1�.� �A�s� 

�e�x�p�e�c�t�e�d�,� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �d�e�c�r�e�a�s�e�d� �P�S�D� �a�n�d� �c�a�t�c�h�,� �w�h�i�l�e� 

�i�n�c�r�e�a�s�i�n�g� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d�.� 

�V�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �a�l�s�o� �r�e�d�u�c�e�d� �t�h�e� �i�m�p�a�c�t�s� �o�f� �a�n�g�l�e�r� �n�o�n�-� 

�c�o�m�p�l�i�a�n�c�e� �o�n� �t�h�e� �f�o�u�r� �d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s� �(�T�a�b�l�e� �6�)�.� �A�m�o�n�g� 

�t�h�e� �e�i�g�h�t�e�e�n� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s�,� �e�x�c�l�u�d�i�n�g� �t�h�e� �n�o� �r�e�g�u�l�a�t�i�o�n� 

�c�a�s�e�,� �t�h�e� �r�a�n�g�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�a�c�h� �o�f� �t�h�e� �d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s� 

�d�e�c�l�i�n�e�d� �w�i�t�h� �a�n� �i�n�c�r�e�a�s�e� �i�n� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� �O�v�e�r� �a�l�l� 

�l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�,� �t�h�e� �r�a�n�g�e� �i�n� �P�S�D� �d�e�c�l�i�n�e�d� 

�f�r�o�m� �0�.�1� �a�t� �2�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �t�o� �0�.�0�7� �a�t� �8�0�%� �v�o�l�u�n�t�a�r�y� 

�r�e�l�e�a�s�e�,� �w�h�i�l�e� �t�h�e� �r�a�n�g�e� �i�n� �c�a�t�c�h� �d�e�c�l�i�n�e�d� �f�r�o�m� �0�.�0�3� �f�i�s�h�/�h�o�u�r� 

�a�t� �2�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �t�o� �0�.�0�2� �f�i�s�h�/�h�o�u�r� �a�t� �8�0�%� �v�o�l�u�n�t�a�r�y� 

�r�e�l�e�a�s�e�.� �T�h�e� �r�a�n�g�e� �i�n� �h�a�r�v�e�s�t� �d�e�c�l�i�n�e�d� �f�r�o�m� �2�1� �f�i�s�h�/�h�a� �a�t� �2�0�%



�4�1� 

�T�a�b�l�e� �6�.� �M�e�d�i�a�n� �a�n�d� �r�a�n�g�e� �f�o�r� �P�S�D�,� �c�a�t�c�h� �(�#�/�h�o�u�r�)�,� �h�a�r�v�e�s�t� �(�#�/�h�a�)�,� �a�n�d� �y�i�e�l�d� �(�K�g�/�h�a�)� �f�o�r� 
�e�a�c�h� �o�f� �1�6� �r�e�g�u�l�a�t�i�o�n� �s�i�m�u�l�a�t�e�d� �a�t� �s�i�x� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �(�0�%� �-� �5�0�%�)�,� 
�a�n�d� �t�h�r�e�e� �l�e�v�e�l�s� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �(�2�0�%�,� �5�0�%�,� �a�n�d� �8�0�%�)�.� �T�h�e� �r�a�n�g�e� �i�n� �e�s�t�i�m�a�t�e�s� 
�i�s� �s�h�o�w�n� �i�n� �p�a�r�e�n�t�h�e�s�i�s�.� 
� � 

�V�o�l�u�n�t�a�r�y� �R�e�l�e�a�s�e� 

� � 

�2�0�%� �5�0�%� �8�0�%� 
�D�e�c�i�s�i�o�n� �N�O�M�-� �t�t�t� �t�t�t� �t�t�n� �r� �e�e�r� �e� �e�r�e� �m� �n�n�n� �n�n�n� �e�n�c�e� �n� �e�t�e�r� �e�t�e�r� �c�e�n� �n�e�n�n�a�n� 
�V�a�r�i�a�b�l�e� �c�o�m�p�l�i�a�n�c�e� �M�e�d�i�a�n� �M�e�d�i�a�n� �M�e�d�i�a�n� 

�P�S�D �� 

�0�.�0� �0�.�2�9�(�0�.�2�5�-�0�.�3�3�)� �0�.�3�0�¢�0�.�2�8�-�0�.�3�3�)� �0�.�3�2�¢�0�.�3�1�-�0�.�3�3�)� 
�0�.�1� �0�.�2�8�¢�0�.�2�4�-�0�.�3�1�)� �0�.�2�9�(�0�.�2�7�-�0�.�3�1�)� �0�.�3�1�¢�0�.�3�0�-�0�.�3�1�)� 
�0�.�2� �0�.�2�7�(�0�.�2�4�-�0�.�3�0�)� �0�.�2�8�(�0�.�2�6�-�0�.�3�0�)� �0�.�2�9�(�0�.�2�8�-�0�.�3�0�)� 
�0�.�3� �0�.�2�6�¢ ¬�0�.�2�3�-�0�.�2�9�)� �0�.�2�7�(�0�.�2�5�-�0�.�2�9�)� �0�.�2�8�¢�0�.�2�8�-�0�.�2�9�)� 
�0�.�4� �0�.�2�5�¢ ¬�0�.�2�3�-�0�.�2�8�)� �0�.�2�6�( ¬�0�.�2�5�-�0�.�2�8�)� �0�.�2�7�(�0�.�2�7�-�0�.�2�8�)� 
�0�.�5� �0�.�2�4�¢�(�0�.�2�3�-�0�.�2�7�)� �0�.�2�5�( ¬�0�.�2�4�-�0�.�2�7�)� �0�.�2�6�(�0�.�2�6�-�0�.�2�7�)� 

�C�a�t�c�h�?� 

�0�.�0� �0�.�0�9�(�¢�0�.�0�8�-�0�.�1�1�)� �0�.�1�0�¢�0�.�0�9�-�0�.�1�1�)� �0�.�1�0�¢�0�.�1�0�-�0�.�1�1�)� 
�0�.�1� �0�.�0�9�¢�0�.�0�8�-�0�.�1�0�)� �0�.�1�0�(�0�.�0�9�-�0�.�1�0�)� �0�.�1�0�¢�0�.�1�0�-�0�.�1�0�)� 
�0�.�2� �0�.�0�9�¢�0�.�0�8�-�0�.�1�0�)� �0�.�0�9�(�0�.�0�9�-�0�.�1�0�)� �0�.�1�0�¢�0�.�1�0�-�0�.�1�0�)� 
�0�.�3� �0�.�0�9�(�0�.�0�8�-�0�.�1�0�)� �0�.�0�9�(�0�.�0�9�-�0�.�1�0�)� �0�.�1�0�¢�(�0�.�0�9�-�0�.�1�0�)� 
�0�.�4� �0�.�0�8�(�0�.�0�8�-�0�.�1�0�)� �0�.�0�9�(�0�.�0�8�-�0�.�1�0�)� �0�.�0�9�(�0�.�0�9�-�0�.�1�0�)� 
�0�.�5� �0�.�0�8�(�0�.�0�8�-�0�.�0�9�)� �0�.�0�9�(�0�.�0�8�-�0�.�0�9�)� �0�.�0�9�(�0�.�0�9�-�0�.�0�9�)� 

�H�a�r�v�e�s�t�?� 

�0�.�0� �9�.�8�5�(�0�.�0�0�-�1�7�.�5�)� �6�.�4�5�(�0�.�0�0�-�1�1�.�9�)� �0�.�2�7�(�0�.�0�0�-�5�.�2�0�)� 
�0�.�1� �1�1�.�7�¢ ¬�2�.�3�0�-�1�8�.�3�)� �8�.�3�0�(�2�.�3�0�-�1�2�.�9�)� �4�.�6�0�¢�2�.�3�0�-�6�.�7�0�)� 
�0�.�2� �1�3�.�3�¢�4�.�4�0�-�1�9�.�0�)� �1�0�.�1�( ¬�4�.�4�0�-�1�3�.�9�)� �6�.�3�0�(�4�.�4�0�-�8�.�1�0�)� 
�0�.�3� �1�5�.�1�¢�6�.�3�0�-�1�9�.�7�)� �1�1�.�6�(�6�.�3�0�-�1�4�.�9�)� �7�.�8�5�(�6�.�3�0�-�9�.�4�0�)� 
�0�.�4� �1�6�.�6�(�8�.�1�0�-�2�0�.�4�)� �1�3�.�1�¢ ¬�8�.�1�0�-�1�5�.�8�)� �9�.�3�5�(�¢�8�.�1�0�-�1�0�.�6�)� 
�0�.�5� �1�8�.�0�¢�9�.�7�0�-�2�1�.�0�)� �1�4�.�5�(�9�.�7�0�-�1�6�.�6�)� �1�0�.�7�¢�9�.�7�0�-�1�1�.�7�)� 

�Y�i�e�l�d� 

�0�.�0� �2�.�7�0�¢�(�0�.�0�0�-�4�.�1�0�)� �1�.�8�0�(�0�.�0�0�-�2�.�9�0�)� �0�.�8�0�(�0�.�0�0�-�1�.�3�0�)� 
�0�.�1� �3�.�2�0�(�1�.�0�0�-�4�.�3�0�)� �2�.�5�0�¢�1�.�0�0�-�3�.�4�1�)� �1�.�6�0�(�¢�1�.�0�0�-�2�.�1�0�)� 
�0�.�2� �3�.�6�0�(�1�.�9�0�-�4�.�6�0�)� �3�.�0�0�¢�(�1�.�9�0�-�3�.�8�0�)� �2�.�5�0�(�1�.�9�0�-�2�.�7�0�)� 
�0�.�3� �4�.�0�0�¢�2�.�5�0�-�4�.�8�0�)� �3�.�5�0�¢�2�.�6�0�-�4�.�1�0�)� �2�.�9�0�(�2�.�6�0�-�3�.�2�0�)� 
�0�.�4� �4�.�3�5�(�3�.�2�0�-�5�.�0�0�)� �3�.�9�5�(�3�.�2�0�-�4�.�4�0�)� �3�.�5�0�(�3�.�2�0�-�3�.�7�0�)� 
�0�.�5� �4�.�7�0�(�3�.�7�0�-�5�.�2�0�)� �4�.�3�0�¢�3�.�7�0�-�4�.�7�0�)� �3�.�9�0�¢�3�.�7�0�-�4�.�1�0�)� 

� � 

�d�i�f�f�e�r�e�n�c�e� �i�n� �m�e�d�i�a�n�s� �a�m�o�n�g� �s�i�x� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �s�i�g�n�i�f�i�c�a�n�t� �a�t�:� 

�2�0�%� �5�0�%� �8�0�%� 

�"� �P�S�D�,� �p� �<� �0�.�0�0�0�1� �p� �<� �0�.�0�0�0�1� �p� �<� �0�.�0�0�0�1� 

�*� �C�a�t�c�h�,� �p� �<� �0�.�0�0�2� �p� �<� �0�.�0�0�0�3� �p� �<� �0�.�0�0�0�1� 

�*� �H�a�r�v�e�s�t�,� �p� �<� �0�.�0�0�9� �p� �<� �0�.�0�0�0�1� �p� �<� �0�.�0�0�0�1� 

�*� �Y�i�e�l�d�,� �p� �<� �0�.�0�0�0�1� �p� �<� �0�.�0�0�0�1� �p� �<� �0�.�0�0�0�1



�4�2� 

�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �t�o� �1�1�.�7� �f�i�s�h�/�h�a� �a�t� �8�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�,� 

�a�n�d� �t�h�e� �r�a�n�g�e� �i�n� �y�i�e�l�d� �d�e�c�l�i�n�e�d� �f�r�o�m� �5�.�2� �k�g�/�h�a� �a�t� �2�0�%� 

�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �t�o� �4�.�1� �k�g�/�h�a� �a�t� �8�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� 

�A�n�g�l�e�r� �N�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �H�a�r�v�e�s�t� �R�e�g�u�l�a�t�i�o�n�s� 

�I�m�p�o�s�i�n�g� �a� �1�4�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t� �a�n�d� �6� �f�i�s�h�/�d�a�y� 

�c�r�e�e�l� �l�i�m�i�t� �i�n� �a� �p�r�e�v�i�o�u�s�l�y� �u�n�r�e�g�u�l�a�t�e�d� �f�i�s�h�e�r�y� �r�e�s�u�l�t�e�d� �i�n� 

�t�h�r�e�e� �d�i�s�t�i�n�c�t� �t�r�e�n�d�s�.� �A�s� �w�o�u�l�d� �b�y� �e�x�p�e�c�t�e�d�,� �P�S�D� �a�n�d� �c�a�t�c�h� 

�i�n�c�r�e�a�s�e�d�,� �w�h�i�l�e� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� �d�e�c�l�i�n�e�d� �(�F�i�g�u�r�e�s� �1�0�-�1�2�)�.� 

�S�e�c�o�n�d�l�y�,� �a�n� �i�n�c�r�e�a�s�e� �i�n� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �(�0�%� �t�o� �5�0�%�)�,� 

�r�e�d�u�c�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �r�e�g�u�l�a�t�i�o�n� �c�h�a�n�g�e� �o�n� �P�S�D�,� �c�a�t�c�h�,� 

�h�a�r�v�e�s�t�,� �a�n�d� �y�i�e�l�d�.� �T�h�i�r�d�,� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� �w�e�r�e� �m�o�r�e� 

�s�e�n�s�i�t�i�v�e� �t�o� �c�h�a�n�g�e�s� �i�n� �r�e�g�u�l�a�t�i�o�n�s� �t�h�a�n� �w�e�r�e� �P�S�D� �a�n�d� �c�a�t�c�h�.� 

�T�h�e� �c�h�a�n�g�e�s� �i�n� �d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �l�a�r�g�e�s�t� �a�t� �2�0�%� 

�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �(�F�i�g�u�r�e� �1�0�)�.� �A�t� �2�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �t�h�e� 

�p�e�r�c�e�n�t� �c�h�a�n�g�e� �i�n� �P�S�D� �d�e�c�l�i�n�e�d� �f�r�o�m� �4�3�%� �(�0�%� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�)� �t�o� 

�1�9�%� �(�5�0�%� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�)�.� �T�h�e� �p�e�r�c�e�n�t� �c�h�a�n�g�e� �i�n� �c�a�t�c�h� 

�d�e�c�l�i�n�e�d� �f�r�o�m� �3�9�%� �t�o� �1�6�%� �a�c�r�o�s�s� �t�h�e� �s�i�x� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �n�o�n�-� 

�c�o�m�p�l�i�a�n�c�e�.� �T�h�e� �p�e�r�c�e�n�t� �c�h�a�n�g�e� �i�n� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� �d�e�c�l�i�n�e�d� 

�f�r�o�m� �9�3�%� �(�0�%� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�)� �t�o� �3�7�%� �(�5�0�%� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�)�,� �a�n�d� 

�6�3�%� �t�o� �2�3�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�T�h�e� �p�a�t�t�e�r�n� �e�x�h�i�b�i�t�e�d� �b�y� �t�h�e� �f�o�u�r� �d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s� 

�u�n�d�e�r� �5�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �w�a�s� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �f�o�r� �2�0�%� 

�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �(�F�i�g�u�r�e� �1�1�)�.� �T�h�e� �p�e�r�c�e�n�t� �c�h�a�n�g�e� �i�n� �P�S�D� 

�d�r�o�p�p�e�d� �f�r�o�m� �2�5�%� �a�t� �0�%� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �t�o� �1�2�%� �a�t� �5�0�%� �n�o�n�-� 

�c�o�m�p�l�i�a�n�c�e�,� �w�h�i�l�e� �t�h�e� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �c�a�t�c�h� �d�e�c�l�i�n�e�d� �f�r�o�m� �2�4�%
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�4�6� 

�t�o� �1�0�%�.� �C�h�a�n�g�e� �i�n� �h�a�r�v�e�s�t� �d�r�o�p�p�e�d� �f�r�o�m� �a� �9�3�%� �(�0�%� �n�o�n�-� 

�c�o�m�p�l�i�a�n�c�e�)� �t�o� �3�3�%� �(�5�0�%� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�)�,� �a�n�d� �y�i�e�l�d� �d�e�c�r�e�a�s�e�d� 

�b�y� �7�6�%� �a�n�d� �1�9�8�.� 

�C�h�a�n�g�e� �i�n� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �h�a�d� �a� �m�i�n�i�m�a�l� �a�d�d�i�t�i�o�n�a�l� �e�f�f�e�c�t� 

�o�n� �P�S�D� �a�n�d� �c�a�t�c�h� �a�t� �8�0�%� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �(�F�i�g�u�r�e� �1�2�)�.� �T�h�e� 

�c�h�a�n�g�e� �i�n� �P�S�D� �d�r�o�p�p�e�d� �f�r�o�m� �9�%� �a�t� �0�%� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �t�o� �4�%� �a�t� 

�5�0�%� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�,� �a�n�d� �c�a�t�c�h� �d�e�c�l�i�n�e�d� �b�y� �1�0�%� �a�n�d� �4�%�.� �N�o�n�-� 

�c�o�m�p�l�i�a�n�c�e�,� �h�o�w�e�v�e�r�,� �s�i�g�n�i�f�i�c�a�n�t�l�y� �e�f�f�e�c�t�e�d� �c�h�a�n�g�e�s� �i�n� �h�a�r�v�e�s�t� 

�a�n�d� �y�i�e�l�d�.� �H�a�r�v�e�s�t� �d�e�c�l�i�n�e�d� �b�y� �9�4�%� �a�t� �0�%� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� 

�2�1�%� �a�t� �5�0�%� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�,� �a�n�d� �y�i�e�l�d� �d�e�c�l�i�n�e�d� �b�y� �8�1�%� �a�n�d� �1�1�%�.� 

�S�e�n�s�i�t�i�v�i�t�y� �A�n�a�l�y�s�i�s� 

�P�e�r�t�u�r�b�a�t�i�o�n� �o�f� �n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y� �[�M�,�]� �i�n�p�u�t�s� �h�a�d� �a� 

�g�r�e�a�t�e�r� �e�f�f�e�c�t� �o�n� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� �m�o�d�e�l� �o�u�t�p�u�t�s� �(�i�.�e�.�,� �P�S�D�,� 

�c�a�t�c�h�,� �h�a�r�v�e�s�t�,� �a�n�d� �y�i�e�l�d�)� �t�h�a�n� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �(�T�a�b�l�e� �7�)�.� 

�P�e�r�t�u�r�b�a�t�i�o�n� �o�f� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �[�h�m�,�]� �h�a�d� �v�i�r�t�u�a�l�l�y� �n�o� 

�i�m�p�a�c�t�,� �o�r� �a� �n�e�g�l�i�g�i�b�l�e� �i�m�p�a�c�t�,� �o�n� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� �m�o�d�e�l� 

�o�u�t�p�u�t�s�.� �R�e�s�u�l�t�s� �o�f� �t�h�e� �s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s� �a�r�e� �s�u�m�m�a�r�i�z�e�d� 

�i�n� �T�a�b�l�e� �7�.� �T�h�e� �r�e�s�p�o�n�s�e� �e�x�h�i�b�i�t�e�d� �b�y� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� �i�s� 

�g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �r�e�s�p�o�n�s�e� �e�x�h�i�b�i�t�e�d� �b�y� �P�S�D� �a�n�d� �c�a�t�c�h�.



�4�7� 

� � 

� � 

�T�a�b�l�e� �7�.� �A�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �m�o�d�e�l�:� �s�e�n�s�i�t�i�v�i�t�y� �a�n�a�l�y�s�i�s� �-� �n�a�t�u�r�a�l� 
�m�o�r�t�a�l�i�t�y� �a�n�d� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y�.� �R�e�g�u�l�a�t�i�o�n� �a�n�d� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r� �i�n�p�u�t�s� �i�n�c�l�u�d�e�d� �a� �1�2�-� 
�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�,� �6� �f�i�s�h� �p�e�r� �a�n�g�l�e�r�-�d�a�y� �c�r�e�e�l� �l�i�m�i�t� �(�w�i�t�h� �n�e�g�a�t�i�v�e� �b�i�n�o�m�i�a�l� 
�i�n�p�u�t�s� �o�f�:� �m�e�a�n� �h�a�r�v�e�s�t�=�1�.�5�,� �k�=�0�.�2�5�)�,� �2�0� �p�e�r�c�e�n�t� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�,� �a�n�d� �5�0� �p�e�r�c�e�n�t� 
�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �(�b�o�t�h� �a�n�g�l�e�r� �g�r�o�u�p�s�)�.� 

�*�%� �C�h�a�n�g�e� 

�M�o�r�t�a�l�i�t�y� �%� �M�o�r�t�.� 
�P�a�r�a�m�e�t�e�r� �P�e�r�t�u�r�b�a�t�i�o�n� �V�a�l�u�e� �P�S�D� �C�a�t�c�h� �H�a�r�v�e�s�t� �Y�i�e�l�d� 

�N�a�t�u�r�a�l� �m�o�r�t�.� �-�0�.�3�0� �0�.�4�1� �+�0�.�2�7� �+�0�.�5�5� �+�0�.�7�7� �+�1�.�2�3� 
�-�0�.�2�0� �0�.�4�7� �+�0�.�1�7� �+�0�.�3�3� �+�0�.�4�5� �+�0�.�6�8� 
�-�0�.�1�0� �0�.�5�3� �+�0�.�0�8� �+�0�.�1�5� �+�0�.�2�0� �+�0�.�2�9� 

�0�.�0�0� �0�.�5�9� �0�.�0�0� �0�.�0�0� �0�.�0�0� �0�.�0�0� 
�+�0�.�1�0� �0�.�6�5� �-�0�.�0�8� �-�0�.�1�4� �-�0�.�1�9� �-�0�.�2�7� 
�+�0�.�2�0� �0�.�7�1� �-�0�.�1�7� �-�0�.�3�0� �-�0�.�4�0� �-�0�.�6�0� 
�+�0�.�3�0� �0�.�7�7� �-�0�.�2�7� �-�0�.�4�7� �-�0�.�6�4� �-�0�.�9�9� 

�H�o�o�k�i�n�g� �m�o�r�t�.� �-�0�.�3�0� �0�.�1�4� �+�0�.�0�3� �+�0�.�0�3� �+�0�.�0�4� �+�0�.�0�6� 
�-�0�.�2�0� �0�.�1�6� �+�0�.�0�2� �+�0�.�0�2� �+�0�.�0�3� �+�0�.�0�4� 
�-�0�.�1�0� �0�.�1�8� �+�0�.�0�1� �+�0�.�0�1� �+�0�.�0�1� �+�0�.�0�2� 

�0�.�0�0� �0�.�2�0� �0�.�0�0� �0�.�0�0� �0�.�0�0� �0�.�0�0� 
�+�0�.�1�0� �0�.�2�2� �-�0�.�0�1� �-�0�.�0�1� �-�0�.�0�1� �-�0�.�0�2� 
�+�0�.�2�0� �0�.�2�4� �-�0�.�0�2� �-�0�.�0�2� �-�0�.�0�3� �-�0�.�0�4� 
�+�0�.�3�0� �0�.�2�6� �-�0�.�0�3� �-�0�.�0�3� �-�0�.�0�4� �-�0�.�0�6� 

� 



�4�8� 

�D�i�s�c�u�s�s�i�o�n� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �t�o� �d�e�v�e�l�o�p� �a� �m�o�d�e�l� �t�h�a�t� 

�c�o�u�l�d� �b�e� �u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �e�f�f�e�c�t� �t�h�a�t� �a�n�g�l�e�r� �n�o�n�-� 

�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �h�a�v�e� �o�n� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� 

�h�a�r�v�e�s�t� �r�e�g�u�l�a�t�i�o�n�s� �t�o� �a�l�t�e�r� �f�i�s�h� �p�o�p�u�l�a�t�i�o�n�s� �(�i�.�e�.�,� �t�h�e� 

�e�f�f�i�c�a�c�y� �o�f� �r�e�g�u�l�a�t�i�o�n�s�)�.� �G�i�v�e�n� �t�h�e� �c�u�r�r�e�n�t� �s�t�a�t�e� �o�f� 

�s�i�m�u�l�a�t�i�o�n� �m�o�d�e�l�l�i�n�g�,� �t�h�i�s� �m�o�d�e�l� �i�s� �i�m�p�o�r�t�a�n�t� �s�i�n�c�e� �i�t� �i�s� �t�h�e� 

�o�n�l�y� �m�o�d�e�l� �t�h�a�t� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �i�n�c�o�r�p�o�r�a�t�e�s� �a�n�g�l�e�r� �n�o�n�-� 

�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �w�i�t�h� �u�s�e� �o�f� �r�e�g�u�l�a�t�i�o�n�s�.� 

�A�m�o�n�g� �t�h�e� �c�o�n�c�l�u�s�i�o�n�s� �r�e�a�c�h�e�d�,� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �a�n�g�l�e� �n�o�n�-� 

�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �w�e�r�e� �f�o�u�n�d� �t�o� �h�a�v�e� �l�i�t�t�l�e� 

�e�f�f�e�c�t� �o�n� �t�h�e� �r�a�n�k�i�n�g� �o�f� �s�p�e�c�i�f�i�c� �r�e�g�u�l�a�t�i�o�n�s�.� �S�e�c�o�n�d�l�y�,� �f�o�r� 

�c�a�t�c�h�,� �h�a�r�v�e�s�t�,� �y�i�e�l�d�,� �a�n�d� �P�S�D�,� �r�e�g�u�l�a�t�i�o�n�s� �w�o�r�k�e�d� �b�e�s�t� �a�t� 

�h�i�g�h� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �c�o�m�p�l�i�a�n�c�e� �a�n�d� �l�o�w� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� 

�A� �d�e�c�r�e�a�s�e� �i�n� �c�o�m�p�l�i�a�n�c�e� �o�r� �i�n�c�r�e�a�s�e� �i�n� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� 

�r�e�d�u�c�e�d� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �c�e�r�t�a�i�n� �r�e�g�u�l�a�t�i�o�n�s�.� �T�h�e� �l�a�r�g�e�s�t� 

�p�o�s�i�t�i�v�e� �c�h�a�n�g�e� �i�n� �c�a�t�c�h� �a�n�d� �P�S�D�,� �a�n�d� �n�e�g�a�t�i�v�e� �c�h�a�n�g�e� �i�n� 

�h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� �o�c�c�u�r�r�e�d� �u�n�d�e�r� �h�i�g�h� �c�o�m�p�l�i�a�n�c�e� �a�n�d� �l�o�w� 

�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� �T�h�i�r�d�,� �a� �r�e�d�u�c�t�i�o�n� �i�n� �a�n�g�l�e�r� �c�o�m�p�l�i�a�n�c�e� �o�f� 

�1�0�%� �r�e�d�u�c�e�d� �a�n�y� �b�e�n�e�f�i�t�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �v�o�l�u�n�t�a�r�y� �c�a�t�c�h�-�a�n�d�-� 

�r�e�l�e�a�s�e� �f�i�s�h�i�n�g�.� �F�i�n�a�l�l�y�,� �P�S�D� �a�n�d� �c�a�t�c�h� �a�r�e� �m�a�x�i�m�i�z�e�d� �w�i�t�h� 

�h�i�g�h� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �r�a�t�e�.� 

�H�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� �a�r�e� �m�a�x�i�m�i�z�e�d� �u�n�d�e�r� �h�i�g�h� �a�n�g�l�e�r� �n�o�n�-� 

�c�o�m�p�l�i�a�n�c�e� �o�v�e�r� �a�l�l� �l�e�v�e�l�s� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� 

�R�a�n�k�i�n�g� �o�f� �R�e�g�u�l�a�t�i�o�n�s



�4�9� 

�T�h�e� �s�i�x� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �(�r�a�n�g�i�n�g� �f�r�o�m� �0�%� 

�t�o� �5�0�%�)� �a�n�d� �t�h�r�e�e� �l�e�v�e�l�s� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �(�2�0�%�,� �5�0�%�,� �a�n�d� 

�8�0�%�)� �w�e�r�e� �f�o�u�n�d� �t�o� �h�a�v�e� �l�i�t�t�l�e� �e�f�f�e�c�t� �o�n� �t�h�e� �r�a�n�k�i�n�g� �o�f� 

�s�p�e�c�i�f�i�c� �r�e�g�u�l�a�t�i�o�n�s� �w�h�e�n� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� 

�w�e�r�e� �h�e�l�d� �c�o�n�s�t�a�n�t�,� �w�h�i�c�h� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d�.� �A�l�t�h�o�u�g�h� �t�h�e� 

�r�a�n�k�i�n�g�s� �o�f� �r�e�g�u�l�a�t�i�o�n�s� �v�a�r�i�e�d� �l�i�t�t�l�e� �r�e�g�a�r�d�l�e�s�s� �o�f� �a�n�g�l�e�r� 

�n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �i�n�v�e�s�t�i�g�a�t�e�d�,� �t�h�e� 

�d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s� �t�e�s�t�e�d� �(�i�.�e�.�,� �c�a�t�c�h�,� �P�S�D�,� �h�a�r�v�e�s�t�,� �a�n�d� 

�y�i�e�l�d�)� �d�i�d� �v�a�r�y� �c�o�n�s�i�d�e�r�a�b�l�y� �w�i�t�h� �c�h�a�n�g�e�s� �i�n� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r� 

�(�A�p�p�e�n�d�i�x� �A�)�.� �F�r�o�m� �a� �m�a�n�a�g�e�m�e�n�t� �s�t�a�n�d�p�o�i�n�t�,� �t�h�e�s�e� �c�h�a�n�g�e�s� �a�r�e� 

�i�m�p�o�r�t�a�n�t�.� �F�i�s�h�e�r�y� �m�a�n�a�g�e�r�s�,� �o�r� �r�e�g�u�l�a�t�o�r�y� �a�g�e�n�c�i�e�s�,� �c�o�n�s�i�d�e�r� 

�t�h�e�s�e� �p�r�o�j�e�c�t�e�d� �c�h�a�n�g�e�s� �b�e�f�o�r�e� �i�n�s�t�i�t�u�t�i�n�g� �a�n�y� �s�p�e�c�i�a�l� 

�r�e�g�u�l�a�t�i�o�n�s�.� 

�A�l�t�e�r�n�a�t�i�v�e� �r�e�g�u�l�a�t�i�o�n�s� �a�r�e� �l�i�k�e�l�y� �t�o� �h�a�v�e� �a� �m�i�n�i�m�a�l� 

�e�f�f�e�c�t� �o�n� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �(�Q�u�i�n�n� �1�9�8�9�)�.� �H�o�w�e�v�e�r�,� �a�n�g�l�e�r� 

�n�o�n�-�c�o�m�p�l�i�a�n�c�e� �i�s� �l�i�k�e�l�y� �t�o� �e�i�t�h�e�r� �i�n�c�r�e�a�s�e� �o�r� �d�e�c�r�e�a�s�e� 

�d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �r�e�s�t�r�i�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �r�e�g�u�l�a�t�i�o�n� �e�m�p�l�o�y�e�d� 

�(�K�o�k�e�l� �1�9�9�1�)�.� �R�e�s�u�l�t�s� �o�f� �t�h�i�s� �a�n�a�l�y�s�i�s� �s�u�g�g�e�s�t� �t�h�a�t� 

�s�p�e�c�i�f�i�c�a�l�l�y� �d�e�s�i�g�n�e�d� �r�e�g�u�l�a�t�i�o�n�s� �a�r�e� �l�i�k�e�l�y� �t�o� �r�e�s�u�l�t� �i�n� 

�S�i�m�i�l�a�r� �r�e�s�p�o�n�s�e�s� �i�n� �a� �f�i�s�h� �p�o�p�u�l�a�t�i�o�n� �r�e�g�a�r�d�l�e�s�s� �o�f� �w�h�a�t� 

�l�e�v�e�l� �o�f� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �e�x�i�s�t�s� 

�w�i�t�h�i�n� �t�h�e� �a�n�g�l�i�n�g� �p�u�b�l�i�c�.� �H�o�w�e�v�e�r�,� �t�h�e� �b�e�n�e�f�i�t�s� �o�f� �a�n�y� �o�n�e� 

�r�e�g�u�l�a�t�i�o�n� �a�r�e� �r�e�d�u�c�e�d� �a�s� �a�n�g�l�e�r� �c�o�m�p�l�i�a�n�c�e� �d�e�c�l�i�n�e�s� �o�r� 

�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �i�n�c�r�e�a�s�e�s�.� �T�h�e�r�e�f�o�r�e�,� �i�m�p�l�e�m�e�n�t�i�n�g� 

�r�e�g�u�l�a�t�i�o�n�s� �w�h�i�l�e� �n�o�t� �a�c�c�o�u�n�t�i�n�g� �f�o�r� �l�i�k�e�l�y� �c�h�a�n�g�e�s� �i�n� �a�n�g�l�e�r



�5�0� 

�b�e�h�a�v�i�o�r� �i�s� �u�n�w�a�r�r�a�n�t�e�d�.� 

�I�n�f�l�u�e�n�c�e� �o�f� �A�n�g�l�e�r� �N�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �V�o�l�u�n�t�a�r�y� �R�e�l�e�a�s�e� 

�A�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �h�a�d� 

�d�i�s�t�i�n�c�t�l�y� �o�p�p�o�s�i�t�e� �e�f�f�e�c�t�s� �o�n� �P�S�D�/�c�a�t�c�h� �a�n�d� �h�a�r�v�e�s�t�/�y�i�e�l�d� 

�(�T�a�b�l�e� �6�)�.� �P�S�D� �a�n�d� �c�a�t�c�h� �a�r�e� �m�e�a�s�u�r�e�s� �o�f� �q�u�a�l�i�t�y� �(�s�i�z�e� �o�r� 

�c�a�t�c�h� �r�a�t�e�)� �i�n� �a� �f�i�s�h�e�r�y�,� �a�n�d� �e�x�h�i�b�i�t�e�d� �s�i�m�i�l�a�r� �r�e�s�p�o�n�s�e�s�.� 

�H�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� �a�l�s�o� �e�x�h�i�b�i�t�e�d� �s�i�m�i�l�a�r� �r�e�s�p�o�n�s�e�s�,� �a�s� �t�h�e�s�e� 

�t�w�o� �v�a�r�i�a�b�l�e�s� �r�e�f�l�e�c�t� �q�u�a�n�t�i�t�y� �o�f� �o�u�t�p�u�t� �i�n� �a� �f�i�s�h�e�r�y�.� 

�V�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �i�n�c�r�e�a�s�e�d� �t�h�e� �q�u�a�l�i�t�y� �i�n�d�i�c�e�s�,� �P�S�D� �a�n�d� 

�c�a�t�c�h�,� �b�u�t� �d�e�c�r�e�a�s�e�d� �t�h�e� �q�u�a�n�t�i�t�y� �i�n�d�i�c�e�s�,� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d�.� 

�T�h�e� �i�n�c�r�e�a�s�e� �i�n� �P�S�D� �a�n�d� �c�a�t�c�h� �w�a�s� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �n�u�m�b�e�r� 

�o�f� �f�i�s�h� �r�e�l�e�a�s�e�d� �(�C�l�a�r�k� �1�9�8�3�)�.� �F�i�s�h� �t�h�a�t� �a�r�e� �r�e�t�u�r�n�e�d� �t�o� �t�h�e� 

�p�o�p�u�l�a�t�i�o�n� �a�r�e� �a�v�a�i�l�a�b�l�e� �t�o� �b�e� �c�a�u�g�h�t� �s�e�v�e�r�a�l� �m�o�r�e� �t�i�m�e�s�,� 

�w�h�i�c�h� �w�i�l�l� �a�d�d� �t�o� �t�h�e� �o�v�e�r�a�l�l� �p�r�o�d�u�c�t�i�o�n� �o�f� �a� �p�o�p�u�l�a�t�i�o�n�.� �A�s� 

�a� �r�e�s�u�l�t�,� �o�v�e�r�a�l�l� �c�a�t�c�h� �m�a�y� �o�f�t�e�n� �e�x�c�e�e�d� �t�h�e� �e�s�t�i�m�a�t�e�d� 

�p�o�p�u�l�a�t�i�o�n� �s�i�z�e� �f�o�r� �a� �f�i�s�h�e�r�y� �(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�,� 

�P�a�r�a�g�a�m�i�a�n� �1�9�8�2�)�,� �p�r�o�v�i�d�e�d� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �i�s� �l�o�w�.� 

�P�o�p�u�l�a�t�i�o�n� �s�i�z�e� �s�t�r�u�c�t�u�r�e� �(�i�.�e�.�,� �P�S�D�)� �w�o�u�l�d� �b�e�n�e�f�i�t� �f�r�o�m� 

�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�f� �i�n�c�r�e�a�s�i�n�g� �n�u�m�b�e�r�s� �o�f� 

�q�u�a�l�i�t�y�-�s�i�z�e�d� �(�l�a�r�g�e�r� �i�n�d�i�v�i�d�u�a�l�s�)� �f�i�s�h� �a�r�e� �r�e�l�e�a�s�e�d�.� 

�H�o�w�e�v�e�r�,� �w�h�e�n� �a� �g�r�e�a�t�e�r� �p�r�o�p�o�r�t�i�o�n� �o�f� �s�t�o�c�k�-�s�i�z�e�d� �(�s�m�a�l�l�e�r� 

�i�n�d�i�v�i�d�u�a�l�s�)� �f�i�s�h� �a�r�e� �r�e�l�e�a�s�e�d� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� 

�l�a�r�g�e�r�-�s�i�z�e�d� �f�i�s�h�,� �a� �d�e�c�l�i�n�e� �i�n� �P�S�D� �w�o�u�l�d� �b�e� �o�b�s�e�r�v�e�d� �(�C�r�e�a�m�e�r� 

�a�n�d� �O�r�t�h� �1�9�9�1�)�.� �T�h�i�s� �r�e�s�u�l�t� �w�a�s� �n�o�t� �e�v�i�d�e�n�t� �i�n� �t�h�i�s� �s�t�u�d�y�,� �a�s� 

�a� �c�o�n�s�t�a�n�t� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �r�a�t�e� �w�a�s� �u�s�e�d� �f�o�r� �a�l�l� �a�g�e



�5�1� 

�c�l�a�s�s�e�s�.� �T�h�i�s� �a�s�s�u�m�p�t�i�o�n� �i�s� �p�r�o�b�a�b�l�y� �n�o�t� �v�e�r�y� �r�e�p�r�e�s�e�n�t�i�v�e� �o�f� 

�w�h�a�t� �w�o�u�l�d� �o�c�c�u�r� �i�n� �a� �n�a�t�u�r�a�l� �s�y�s�t�e�m�.� 

�T�h�e� �d�e�c�l�i�n�e� �i�n� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� �i�n� �t�h�i�s� �s�t�u�d�y� �i�s� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� �C�l�a�r�k� �(�1�9�8�3�)� �n�o�t�e�d� �t�h�a�t� 

�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �r�e�d�u�c�e�s� �f�i�s�h�i�n�g� �m�o�r�t�a�l�i�t�y�.� �T�h�e� �r�e�s�u�l�t� �i�s� 

�f�e�w�e�r� �f�i�s�h� �c�r�e�e�l�e�d� �(�i�.�e�.�,� �r�e�d�u�c�e�d� �h�a�r�v�e�s�t�)�,� �a�n�d� �a�n� �o�v�e�r�a�l�l� 

�r�e�d�u�c�t�i�o�n� �i�n� �y�i�e�l�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� �C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �(�1�9�9�1�)�,� �i�n� 

�e�v�a�l�u�a�t�i�n�g� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�y�,� �c�o�n�c�l�u�d�e�d� 

�t�h�a�t� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �h�a�r�v�e�s�t� �o�f� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �o�b�s�e�r�v�e�d� 

�w�a�s� �d�u�e� �t�o� �h�i�g�h� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �b�y� �J�a�m�e�s� �R�i�v�e�r� �a�n�g�l�e�r�s�.� 

�I�n� �c�o�n�t�r�a�s�t�,� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �(�e�x�p�r�e�s�s�e�d� �a�s� �p�e�r�c�e�n�t� 

�i�l�l�e�g�a�l� �h�a�r�v�e�s�t�)� �i�n�c�r�e�a�s�e�s� �f�i�s�h�i�n�g� �m�o�r�t�a�l�i�t�y�,� �t�h�u�s� �i�n�c�r�e�a�s�i�n�g� 

�h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� �(�G�i�g�l�i�o�t�t�i� �a�n�d� �T�a�y�l�o�r� �1�9�9�0�)�.� �M�y� �r�e�s�u�l�t�s� 

�c�o�r�r�o�b�o�r�a�t�e� �t�h�e�s�e� �f�i�n�d�i�n�g�s�.� �R�e�m�o�v�a�l� �o�f� �i�l�l�e�g�a�l� �f�i�s�h� 

�(�e�x�p�r�e�s�s�e�d� �a�s� �p�e�r�c�e�n�t� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�)� �i�n�c�r�e�a�s�e�s� �t�h�e� 

�o�v�e�r�a�l�l� �h�a�r�v�e�s�t� �r�a�t�e�.� �H�o�w�e�v�e�r�,� �t�h�e� �o�v�e�r�a�l�l� �c�a�t�c�h� �r�a�t�e� �w�a�s� 

�r�e�d�u�c�e�d� �o�v�e�r� �t�i�m�e�.� 

�I�l�l�e�g�a�l� �h�a�r�v�e�s�t� �r�e�s�u�l�t�s� �i�n� �l�o�w�e�r� �s�t�o�c�k� �d�e�n�s�i�t�i�e�s�,� �f�e�w�e�r� 

�a�v�a�i�l�a�b�l�e� �f�i�s�h� �t�o� �c�a�t�c�h�,� �a�n�d� �a� �r�e�d�u�c�e�d� �P�S�D�.� �P�r�o�p�o�r�t�i�o�n�a�l� 

�s�t�o�c�k� �d�e�n�s�i�t�y� �i�s� �m�o�s�t� �s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �i�l�l�e�g�a�l� �r�e�m�o�v�a�l� �o�f� 

�l�a�r�g�e�r�-�s�i�z�e�d� �f�i�s�h� �f�r�o�m� �a� �p�o�p�u�l�a�t�i�o�n�,� �t�y�p�i�c�a�l�l�y� �t�h�a�t� �p�o�r�t�i�o�n� �o�f� 

�t�h�e� �p�o�p�u�l�a�t�i�o�n� �s�u�b�j�e�c�t� �t�o� �i�l�l�e�g�a�l� �h�a�r�v�e�s�t�.� �U�l�t�i�m�a�t�e�l�y�,� �a� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �r�e�d�u�c�t�i�o�n� �i�n� �c�a�t�c�h� �a�n�d� �P�S�D� �w�o�u�l�d� �o�c�c�u�r�.� �T�h�e� 

�n�e�g�a�t�i�v�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �c�a�t�c�h� 

�a�p�p�a�r�e�n�t� �i�n� �t�h�i�s� �s�t�u�d�y� �w�a�s� �a�l�s�o� �o�b�s�e�r�v�e�d� �b�y� �G�i�g�l�i�o�t�t�i� �a�n�d



�5�2� 

�T�a�y�l�o�r� �(�1�9�9�0�)�.� 

�A�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �a�l�s�o� �r�e�d�u�c�e�d� 

�t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �o�b�s�e�r�v�e�d� �i�n� �f�i�s�h�e�r�y� �s�t�a�t�i�s�t�i�c�s� �a�c�r�o�s�s� �t�h�e� 

�r�a�n�g�e� �o�f� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s� �(�T�a�b�l�e� �6�)�.� �T�h�e� �g�r�e�a�t�e�s�t� 

�d�i�f�f�e�r�e�n�c�e� �i�n� �e�s�t�i�m�a�t�e�s� �w�a�s� �o�b�s�e�r�v�e�d� �a�t� �h�i�g�h� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� 

�c�o�m�p�l�i�a�n�c�e� �a�n�d� �l�o�w� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�;� �t�h�e� �l�e�a�s�t� �v�a�r�i�a�b�i�l�i�t�y� 

�w�a�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �l�o�w� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �c�o�m�p�l�i�a�n�c�e� �a�n�d� �h�i�g�h� 

�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� �T�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �v�a�r�i�a�n�c�e�s� �i�n� �t�h�e� �f�i�s�h�e�r�y� 

�s�t�a�t�i�s�t�i�c�s� �c�o�n�t�i�n�u�e� �t�o� �d�e�c�l�i�n�e� �w�i�t�h� �d�e�c�r�e�a�s�e�s� �i�n� �a�n�g�l�e�r� 

�c�o�m�p�l�i�a�n�c�e�,� �a�n�d�/�o�r� �i�n�c�r�e�a�s�e�s� �i�n� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�,� �s�u�g�g�e�s�t�s� 

�t�h�a�t� �i�m�p�a�c�t�s� �o�f� �a�n�g�l�e�r� �c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �i�n� 

�d�e�t�e�r�m�i�n�i�n�g� �a� �r�e�g�u�l�a�t�i�o�n ��s� �e�f�f�e�c�t�i�v�e�n�e�s�s� �a�r�e� �a�d�d�i�t�i�v�e�.� �T�h�i�s� 

�i�s� �a�t�t�r�i�b�u�t�e�d� �p�r�i�m�a�r�i�l�y� �t�o� �t�h�e� �i�n�d�e�p�e�n�d�e�n�t� �n�a�t�u�r�e� �o�f� �t�h�e� �t�w�o� 

�v�a�r�i�a�b�l�e�s�,� �a�s� �a�s�s�u�m�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �T�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� 

�v�a�r�i�a�n�c�e�s� �a�l�s�o� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �r�e�l�a�t�i�v�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� 

�o�n�e� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o� �o�v�e�r� �a�n�o�t�h�e�r� �i�s� �m�i�n�i�m�i�z�e�d� �a�s� �o�n�e�,� �o�r� 

�b�o�t�h�,� �a�s�p�e�c�t�s� �o�f� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r� �a�p�p�r�o�a�c�h� �m�a�x�i�m�u�m� �l�e�v�e�l�s�.� 

�A�n�g�l�e�r� �N�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �H�a�r�v�e�s�t� �R�e�g�u�l�a�t�i�o�n�s� 

�I�m�p�o�s�i�n�g� �a� �1�4�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t� �a�n�d� �a� �6� �f�i�s�h� �p�e�r� 

�a�n�g�l�e�r�-�d�a�y� �c�r�e�e�l� �l�i�m�i�t� �t�o� �a� �p�r�e�v�i�o�u�s�l�y� �u�n�r�e�g�u�l�a�t�e�d� �f�i�s�h�e�r�y� �i�s� 

�e�x�p�e�c�t�e�d� �t�o� �b�e�n�e�f�i�t� �p�o�p�u�l�a�t�i�o�n� �s�t�r�u�c�t�u�r�e� �(�i�.�e�.�,� �P�S�D�)� �a�n�d� 

�o�v�e�r�a�l�l� �c�a�t�c�h�,� �w�h�i�l�e� �r�e�d�u�c�i�n�g� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �f�i�s�h� 

�h�a�r�v�e�s�t�e�d� �a�n�d� �y�i�e�l�d� �i�n� �w�e�i�g�h�t�.� �T�h�e� �m�o�d�e�l� �p�r�e�d�i�c�t�e�d� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �P�S�D� �a�n�d� �c�a�t�c�h�,� �a�n�d� �a� �d�e�c�r�e�a�s�e� �i�n� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� 

�(�F�i�g�u�r�e�s� �1�0�-�1�2�)�.� �A�l�s�o�,� �r�e�g�u�l�a�t�i�o�n�s� �w�o�r�k�e�d� �b�e�s�t� �a�t� �h�i�g�h� �l�e�v�e�l�s
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�o�f� �a�n�g�l�e�r� �c�o�m�p�l�i�a�n�c�e� �a�n�d� �l�o�w� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �f�o�r� �a�l�l� �f�o�u�r� 

�d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s� �(�i�.�e�.�,� �c�a�t�c�h�,� �P�S�D�,� �h�a�r�v�e�s�t�,� �a�n�d� �y�i�e�l�d�)�.� 

�T�h�e�s�e� �r�e�s�u�l�t�s� �s�h�o�u�l�d� �b�e� �i�n�t�e�r�p�r�e�t�e�d� �w�i�t�h� �c�a�u�t�i�o�n�.� �T�h�i�s� 

�m�o�d�e�l� �a�s�s�u�m�e�d� �c�o�n�s�t�a�n�t� �g�r�o�w�t�h� �a�n�d� �r�e�c�r�u�i�t�m�e�n�t�,� �y�e�t� �u�n�e�x�p�e�c�t�e�d� 

�g�r�o�w�t�h� �c�h�a�n�g�e�s� �h�a�v�e� �o�f�t�e�n� �b�e�e�n� �c�i�t�e�d� �a�s� �t�h�e� �p�r�i�m�a�r�y� �r�e�a�s�o�n� 

�r�e�g�u�l�a�t�i�o�n�s� �f�a�i�l� �t�o� �a�c�h�i�e�v�e� �d�e�s�i�r�e�d� �o�u�t�c�o�m�e�s� �(�P�a�r�a�g�a�m�i�a�n� 

�1�9�8�4�c�,� �A�u�s�t�e�n� �a�n�d� �O�r�t�h� �1�9�8�8�)�.� �S�t�u�d�i�e�s� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �a� �1�2�-� 

�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t� �m�a�y� �d�e�c�r�e�a�s�e� �g�r�o�w�t�h� �(�A�u�s�t�e�n� �1�9�8�4�,� 

�P�a�r�a�g�a�m�i�a�n� �1�9�8�4�c�)�,� �i�n�c�r�e�a�s�e� �g�r�o�w�t�h� �(�K�a�u�f�f�m�a�n� �a�n�d� �S�m�i�t�h� �1�9�8�7�)�,� 

�o�r� �h�a�v�e� �n�o� �e�f�f�e�c�t� �(�K�a�u�f�f�m�a�n� �1�9�8�3�)�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �a� 

�d�e�n�s�i�t�y�-�d�e�p�e�n�d�e�n�t� �r�e�s�p�o�n�s�e� �i�n� �g�r�o�w�t�h� �t�o� �r�e�s�t�r�i�c�t�i�v�e� �h�a�r�v�e�s�t� 

�r�e�g�u�l�a�t�i�o�n�s�,� �a�n�d� �a�l�s�o� �i�n�d�i�c�a�t�e� �t�h�a�t� �r�e�g�u�l�a�t�i�o�n� �e�f�f�e�c�t�i�v�e�n�e�s�s� 

�i�s� �s�i�t�e� �s�p�e�c�i�f�i�c�.� �T�h�e� �c�a�p�a�c�i�t�y� �o�f� �a� �p�o�p�u�l�a�t�i�o�n� �t�o� �i�n�c�r�e�a�s�e� 

�a�n�d� �t�o� �s�u�p�p�o�r�t� �a� �f�i�s�h�e�r�y� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �r�e�l�a�t�i�o�n� �b�e�t�w�e�e�n� 

�s�p�a�w�n�i�n�g� �s�t�o�c�k� �a�n�d� �r�e�c�r�u�i�t�m�e�n�t� �(�R�i�c�k�e�r� �1�9�7�5�)�;� �y�e�t� �a�b�i�o�t�i�c� 

�d�e�t�e�r�m�i�n�a�n�t�s� �o�f� �r�e�c�r�u�i�t�m�e�n�t� �i�n� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �p�o�p�u�l�a�t�i�o�n�s� 

�l�i�m�i�t� �t�h�e� �a�b�i�l�i�t�y� �t�o� �d�e�t�e�c�t� �t�h�i�s� �r�e�l�a�t�i�o�n� �(�P�f�l�i�e�g�e�r� �1�9�7�5�)�.� 

�F�u�r�t�h�e�r�,� �t�h�e� �m�o�d�e�l� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �a�s�s�u�m�e�d� �t�h�a�t� 

�n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y� �r�e�m�a�i�n�s� �c�o�n�s�t�a�n�t� �r�e�g�a�r�d�l�e�s�s� �o�f� �r�e�g�u�l�a�t�i�o�n�s� 

�u�s�e�d� �o�r� �d�e�g�r�e�e� �o�f� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r� �p�r�e�s�e�n�t� �i�n� �t�h�e� �f�i�s�h�e�r�y�.� 

�T�h�i�s� �w�o�u�l�d� �s�e�e�m� �t�o� �b�e� �a�n� �u�n�r�e�a�l�i�s�t�i�c� �a�s�s�u�m�p�t�i�o�n�,� �a�s� 

�c�o�m�p�e�n�s�a�t�o�r�y� �m�o�r�t�a�l�i�t�y� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �o�c�c�u�r� �i�n� �n�a�t�u�r�a�l� �f�i�s�h� 

�p�o�p�u�l�a�t�i�o�n�s�,� �a�l�t�h�o�u�g�h� �s�o�m�e�t�i�m�e�s� �d�i�f�f�i�c�u�l�t� �t�o� �d�e�t�e�c�t�.� �M�c�F�a�d�d�i�n� 

�e�t� �a�l�.� �(�1�9�6�7�)�,� �i�n� �e�v�a�l�u�a�t�i�n�g� �p�o�p�u�l�a�t�i�o�n� �r�e�g�u�l�a�t�i�o�n� �i�n� �a� 

�M�i�c�h�i�g�a�n� �p�o�p�u�l�a�t�i�o�n� �o�f� �b�r�o�o�k� �t�r�o�u�t�,� �S�a�l�v�e�l�i�n�u�s� �f�o�n�t�i�n�a�l�i�s�,
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�c�o�n�c�l�u�d�e�d� �t�h�a�t� �n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y� �w�a�s� �n�o�t� �r�e�l�a�t�e�d� �t�o� �p�o�p�u�l�a�t�i�o�n� 

�d�e�n�s�i�t�y� �i�n� �a�n�y� �w�a�y� �t�h�a�t� �w�o�u�l�d� �t�e�n�d� �t�o� �r�e�g�u�l�a�t�e� �p�o�p�u�l�a�t�i�o�n� 

�s�i�z�e�.� �H�o�w�e�v�e�r�,� �E�l�l�i�o�t�t� �(�1�9�8�9�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �i�n� �a� �m�i�g�r�a�t�o�r�y� 

�p�o�p�u�l�a�t�i�o�n� �o�f� �b�r�o�w�n� �t�r�o�u�t�,� �S�a�l�m�o� �t�r�u�t�t�a�,� �m�o�r�t�a�l�i�t�y� �o�f� �y�o�u�n�g� 

�f�i�s�h� �w�a�s� �l�i�n�k�e�d� �t�o� �a� �c�r�i�t�i�c�a�l� �p�e�r�i�o�d�,� �a�f�t�e�r� �w�h�i�c�h� �m�o�r�t�a�l�i�t�y� 

�d�e�c�l�i�n�e�d�.� �F�u�r�t�h�e�r�,� �R�e�e�d� �a�n�d� �R�a�b�e�n�i� �(�1�9�8�9�)� �f�o�u�n�d� �t�h�a�t� �a�n� 

�u�n�e�x�p�l�o�i�t�e�d� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�y� �i�n� �M�i�s�s�o�u�r�i� �e�x�h�i�b�i�t�e�d� 

�r�e�l�a�t�i�v�e�l�y� �l�o�w� �t�o�t�a�l� �a�n�n�u�a�l� �m�o�r�t�a�l�i�t�y� �(�1�6�%�)�.� �T�h�u�s�,� �i�t� �m�a�y� �b�e� 

�r�e�a�l�i�s�t�i�c� �t�o� �a�s�s�u�m�e� �t�h�a�t� �r�e�g�u�l�a�t�i�o�n�s� �a�n�d� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r� �m�a�y�,� 

�t�o� �s�o�m�e� �d�e�g�r�e�e�,� �c�o�n�t�r�i�b�u�t�e� �t�o� �c�o�m�p�e�n�s�a�t�o�r�y� �m�o�r�t�a�l�i�t�y�.� 

�G�i�v�e�n� �t�h�e�s�e� �l�i�m�i�t�a�t�i�o�n�s� �i�n� �t�h�e� �m�o�d�e�l�,� �i�t� �s�e�e�m�s� �p�r�o�b�a�b�l�e� 

�t�h�a�t� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �c�h�a�n�g�e� �s�e�e�n� �w�i�t�h� �P�S�D�/�c�a�t�c�h� �a�n�d� 

�h�a�r�v�e�s�t�/�y�i�e�l�d� �w�o�u�l�d� �c�h�a�n�g�e�.� �T�h�e� �t�r�e�n�d�s�,� �h�o�w�e�v�e�r�,� �w�o�u�l�d� �r�e�m�a�i�n� 

�t�h�e� �s�a�m�e�.� 

�T�h�e� �c�o�n�s�i�s�t�e�n�t� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �c�a�t�c�h� �a�n�d� �P�S�D�,� �a�n�d� �d�e�c�l�i�n�e� 

�i�n� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d�,� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�,� 

�r�e�g�a�r�d�l�e�s�s� �o�f� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �i�s� �p�r�o�b�a�b�l�y� �d�u�e� �t�o� �t�h�e� 

�l�i�m�i�t�a�t�i�o�n� �o�f� �c�o�n�s�t�a�n�t� �g�r�o�w�t�h� �a�n�d� �r�e�c�r�u�i�t�m�e�n�t�.� �P�r�o�p�o�r�t�i�o�n�a�l� 

�s�t�o�c�k� �d�e�n�s�i�t�y� �i�s� �d�e�p�e�n�d�e�n�t� �u�p�o�n� �t�h�e� �r�a�t�i�o� �o�f� �q�u�a�l�i�t�y�-�s�i�z�e�d� 

�f�i�s�h� �t�o� �s�t�o�c�k�-�s�i�z�e�d� �f�i�s�h� �i�n� �a� �p�o�p�u�l�a�t�i�o�n�.� �I�n� �a�s�s�u�m�i�n�g� 

�c�o�n�s�t�a�n�t� �r�e�c�r�u�i�t�m�e�n�t� �a�n�d� �g�r�o�w�t�h�,� �p�o�p�u�l�a�t�i�o�n� �d�e�n�s�i�t�y� �v�a�r�i�e�d� 

�l�i�t�t�l�e� �w�i�t�h� �r�e�g�u�l�a�t�i�o�n�s� �a�n�d� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r�,� �r�e�s�u�l�t�i�n�g� �i�n� 

�l�i�t�t�l�e� �c�h�a�n�g�e� �i�n� �P�S�D� �r�e�l�a�t�i�v�e� �t�o� �c�h�a�n�g�e�s� �i�n� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d�,� 

�p�a�r�t�i�c�u�l�a�r�l�y� �w�i�t�h� �h�i�g�h� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� �I�t� �w�o�u�l�d� �b�e� 

�r�e�a�s�o�n�a�b�l�e� �t�o� �a�s�s�u�m�e� �t�h�a�t� �t�h�e� �p�r�e�d�i�c�t�e�d� �c�h�a�n�g�e� �i�n� �P�S�D� �i�n� �t�h�e�s�e
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�s�i�m�u�l�a�t�i�o�n�s� �w�o�u�l�d� �b�e� �l�e�s�s� �t�h�a�t� �e�x�p�e�c�t�e�d�.� �I� �a�l�s�o� �a�s�s�u�m�e�d� �a� 

�c�o�n�s�t�a�n�t� �c�a�t�c�h� �r�a�t�e� �a�n�d� �n�o� �c�h�a�n�g�e� �i�n� �a�n�g�l�i�n�g� �p�r�e�s�s�u�r�e�,� 

�r�e�g�a�r�d�l�e�s�s� �o�f� �r�e�g�u�l�a�t�i�o�n�s� �u�s�e�d� �o�r� �c�h�a�n�g�e�s� �i�n� �t�h�e� �s�t�a�t�u�s� �o�f� �t�h�e� 

�f�i�s�h� �p�o�p�u�l�a�t�i�o�n�.� �A�s�s�u�m�i�n�g� �a� �c�o�n�s�t�a�n�t� �c�a�t�c�h� �r�a�t�e� �a�n�d� �a�n�g�l�i�n�g� 

�e�f�f�o�r�t� �f�o�r� �a�n� �u�n�r�e�g�u�l�a�t�e�d� �f�i�s�h�e�r�y� �v�e�r�s�u�s� �a� �r�e�g�u�l�a�t�e�d� �f�i�s�h�e�r�y�,� 

�i�s� �u�n�r�e�a�l�i�s�t�i�c�,� �b�e�c�a�u�s�e� �a�n�g�l�e�r�s� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �t�o� �a�d�j�u�s�t� 

�t�h�e�i�r� �l�e�v�e�l� �o�f� �f�i�s�h�i�n�g� �i�n�t�e�n�s�i�t�y� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �l�i�k�e�l�i�h�o�o�d� 

�o�f� �c�a�t�c�h�i�n�g� �f�i�s�h�.� 

�T�h�e� �s�i�g�n�i�f�i�c�a�n�t� �d�e�c�l�i�n�e�s� �i�n� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d�,� �r�e�l�a�t�i�v�e� 

�t�o� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �P�S�D� �a�n�d� �c�a�t�c�h�,� �i�s� �p�r�o�b�a�b�l�y� �a� �f�u�n�c�t�i�o�n� �o�f� 

�t�h�e�i�r� �s�e�n�s�i�t�i�v�i�t�y� �t�o� �r�e�g�u�l�a�t�i�o�n�s� �a�n�d� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r�.� �H�a�r�v�e�s�t� 

�a�n�d� �y�i�e�l�d� �a�r�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�a�l�l�y� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �a�d�j�u�s�t�m�e�n�t�s� 

�i�n� �s�p�e�c�i�a�l� �r�e�g�u�l�a�t�i�o�n�s� �a�n�d� �c�h�a�n�g�e�s� �i�n� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r�,� 

�r�e�g�a�r�d�l�e�s�s� �o�f� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �p�o�p�u�l�a�t�i�o�n� �d�e�n�s�i�t�y�.� �C�a�t�c�h� �a�n�d� 

�P�S�D� �w�o�u�l�d� �b�e� �m�u�c�h� �l�e�s�s� �s�e�n�s�i�t�i�v�e� �t�o� �r�e�g�u�l�a�t�i�o�n�s� �a�n�d� �a�n�g�l�e�r� 

�b�e�h�a�v�i�o�r�,� �p�r�o�v�i�d�e�d� �t�e�m�p�o�r�a�l� �a�n�d� �s�p�a�t�i�a�l� �v�a�r�i�a�b�i�l�i�t�y� �i�n� 

�p�o�p�u�l�a�t�i�o�n� �d�e�n�s�i�t�y� �i�s� �m�i�n�i�m�a�l�,� �a�s� �i�s� �t�h�e� �c�a�s�e� �i�n� �t�h�i�s� 

�m�o�d�e�l�l�i�n�g� �s�t�u�d�y�.� 

�S�e�n�s�i�t�i�v�i�t�y� �A�n�a�l�y�s�i�s� 

�T�h�e� �s�e�n�s�i�t�i�v�i�t�y� �o�f� �c�a�t�c�h�,� �P�S�D�,� �h�a�r�v�e�s�t�,� �a�n�d� �y�i�e�l�d� �t�o� 

�p�e�r�t�u�r�b�a�t�i�o�n�s� �i�n� �n�a�t�u�r�a�l� �a�n�d� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �i�s� �l�i�k�e�l�y� �d�u�e� 

�t�o� �e�a�c�h� �c�o�m�p�o�n�e�n�t ��s� �l�e�v�e�l� �o�f� �c�o�n�t�r�i�b�u�t�i�o�n� �t�o� �t�o�t�a�l� �m�o�r�t�a�l�i�t�y�.� 

�I�n� �t�h�i�s� �s�t�u�d�y�,� �n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y� �w�a�s� �t�h�r�e�e� �t�i�m�e�s� �h�i�g�h�e�r� �t�h�a�n� 

�h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� �d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s� �w�o�u�l�d� �b�e� 

�e�x�p�e�c�t�e�d� �t�o� �e�x�h�i�b�i�t� �a� �g�r�e�a�t�e�r� �r�e�s�p�o�n�s�e� �t�o� �v�a�r�i�a�b�i�l�i�t�y� �i�n
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�n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y�.� �T�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �i�n�a� 

�f�i�s�h�e�r�y� �m�a�y� �b�e� �g�r�e�a�t�e�r� �i�n� �a� �f�i�s�h�e�r�y� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �h�i�g�h� 

�c�a�t�c�h� �r�a�t�e�s�,� �t�y�p�i�c�a�l�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �h�i�g�h� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� 

�(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�)�,� �o�r� �o�n�e� �w�h�e�r�e� �l�i�v�e� �b�a�i�t� �i�s� 

�p�r�e�d�o�m�i�n�a�t�e�l�y� �u�s�e�d� �a�n�d� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �i�s� �h�i�g�h�.� �I�n� 

�a�d�d�i�t�i�o�n�,� �t�h�e� �g�r�e�a�t�e�r� �o�v�e�r�a�l�l� �r�e�s�p�o�n�s�e� �e�x�h�i�b�i�t�e�d� �b�y� �h�a�r�v�e�s�t� 

�a�n�d� �y�i�e�l�d� �i�s� �p�r�o�b�a�b�l�y� �m�o�r�e� �a� �f�u�n�c�t�i�o�n� �o�f� �r�e�g�u�l�a�t�i�o�n� �u�s�e� �(�i�.�e�.�,� 

�r�e�d�u�c�e�d� �h�a�r�v�e�s�t�)� �t�h�a�n� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �n�a�t�u�r�a�l� �a�n�d� �h�o�o�k�i�n�g� 

�m�o�r�t�a�l�i�t�y�.� �P�r�o�p�o�r�t�i�o�n�a�l� �s�t�o�c�k� �d�e�n�s�i�t�y� �a�n�d� �c�a�t�c�h� �a�r�e� �t�y�p�i�c�a�l�l�y� 

�l�e�s�s� �a�f�f�e�c�t�e�d� �t�h�a�n� �h�a�r�v�e�s�t�/�y�i�e�l�d� �b�y� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� 

�r�e�g�u�l�a�t�i�o�n�s�.� �|� 

�I�n� �m�o�d�e�l�l�i�n�g� �t�o�t�a�l� �c�a�t�c�h� �a�n�d� �h�a�r�v�e�s�t�,� �a�n� �i�n�s�t�a�n�t�a�n�e�o�u�s� 

�n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y� �r�a�t�e� �o�f� �0�.�5�9� �w�a�s� �u�s�e�d�.� �A�l�t�h�o�u�g�h� �t�h�i�s� �v�a�l�u�e� 

�r�e�p�r�e�s�e�n�t�s� �a�n� �a�v�e�r�a�g�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �f�i�e�l�d� �o�b�s�e�r�v�a�t�i�o�n�s� �(�T�a�b�l�e� 

�4�)�,� �i�t� �m�a�y� �b�e� �a�n� �o�v�e�r�e�s�t�i�m�a�t�e� �o�f� �t�h�e� �t�r�u�e� �n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y� 

�(�i�.�e�.�,� �f�i�e�l�d� �e�s�t�i�m�a�t�e�s� �i�n�c�o�r�p�o�r�a�t�e� �b�o�t�h� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �a�n�d� 

�n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y�)�.� �A�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �m�e�t�h�o�d�s�,� �t�h�i�s� �m�o�d�e�l� 

�b�r�e�a�k�s� �t�o�t�a�l� �m�o�r�t�a�l�i�t�y� �i�n�t�o� �t�h�r�e�e� �c�o�m�p�o�n�e�n�t�s� �(�n�a�t�u�r�a�l�,� 

�f�i�s�h�i�n�g�,� �a�n�d� �h�o�o�k�i�n�g�)�.� �T�h�e� �a�d�j�u�s�t�m�e�n�t� �r�e�q�u�i�r�e�d� �t�o� �a�c�c�o�u�n�t� �f�o�r� 

�h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �w�a�s� �n�o�t� �m�a�d�e� �b�e�c�a�u�s�e� �t�h�e� �c�o�n�t�r�i�b�u�t�i�o�n� �o�f� 

�h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �t�o� �t�h�e� �o�v�e�r�a�l�l� �m�o�r�t�a�l�i�t�y� �r�a�t�e� �o�f� �0�.�5�9� �w�a�s� 

�n�o�t� �k�n�o�w�n�.� �B�y� �n�o�t� �m�a�k�i�n�g� �t�h�e� �a�d�j�u�s�t�m�e�n�t� �i�n� �t�h�e� �n�a�t�u�r�a�l� 

�m�o�r�t�a�l�i�t�y� �i�n�p�u�t�s�,� �P�S�D�,� �c�a�t�c�h�,� �h�a�r�v�e�s�t�,� �a�n�d� �y�i�e�l�d� �w�e�r�e� �p�r�o�b�a�b�l�y� 

�p�r�o�p�o�r�t�i�o�n�a�t�e�l�y� �u�n�d�e�r�e�s�t�i�m�a�t�e�d� �(�r�e�f�e�r� �t�o� �T�a�b�l�e� �7�)�.
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�M�a�n�a�g�e�m�e�n�t� �R�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

�R�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y� �h�a�v�e� �s�e�v�e�r�a�l� �i�m�p�o�r�t�a�n�t� �m�a�n�a�g�e�m�e�n�t� 

�i�m�p�l�i�c�a�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r� �a�n�d� �t�h�e� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� 

�o�f� �r�e�g�u�l�a�t�i�o�n�s� �f�o�r� �r�e�c�r�e�a�t�i�o�n�a�l� �f�i�s�h�e�r�i�e�s� �m�a�n�a�g�e�r�s�.� �F�i�r�s�t�,� 

�s�p�e�c�i�f�i�c� �f�i�s�h� �m�a�n�a�g�e�m�e�n�t� �o�b�j�e�c�t�i�v�e�s� �a�r�e� �c�r�i�t�i�c�a�l� �t�o� �d�e�c�i�d�i�n�g� 

�w�h�a�t� �r�e�g�u�l�a�t�i�o�n�s� �a�r�e� �a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �a�n�y� �g�i�v�e�n� �f�i�s�h�e�r�y�.� �I�n�a� 

�f�i�s�h�e�r�y� �w�h�e�r�e� �s�u�b�s�i�s�t�e�n�c�e� �i�s� �i�m�p�o�r�t�a�n�t�,� �t�h�e�n� �r�e�g�u�l�a�t�i�o�n�s� 

�s�h�o�u�l�d� �b�e� �d�e�s�i�g�n�e�d� �t�o� �a�l�l�o�w� �f�o�r� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �a�m�o�u�n�t� �o�f� 

�h�a�r�v�e�s�t�.� �H�o�w�e�v�e�r�,� �i�f� �t�h�e� �o�b�j�e�c�t�i�v�e�s� �a�r�e� �t�o� �m�a�n�a�g�e� �f�o�r� �c�a�t�c�h� 

�a�n�d� �f�i�s�h� �s�i�z�e�,� �a� �d�i�f�f�e�r�e�n�t� �t�y�p�e� �o�f� �r�e�g�u�l�a�t�i�o�n� �i�s� �n�e�e�d�e�d�.� 

�W�h�a�t ��s� �e�v�e�n� �m�o�r�e� �i�m�p�o�r�t�a�n�t� �i�n� �s�u�c�h� �a� �f�i�s�h�e�r�y�,� �i�s� �t�h�e� �i�d�e�a� �o�f� 

�v�o�l�u�n�t�a�r�y� �c�a�t�c�h�-�a�n�d�-�r�e�l�e�a�s�e� �f�i�s�h�i�n�g�.� �T�o�t�a�l� �c�a�t�c�h� �a�n�d� �m�e�a�n� 

�s�i�z�e� �o�f� �f�i�s�h� �i�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �w�o�u�l�d� �b�e� �o�p�t�i�m�i�z�e�d� �i�n� �w�h�a�t� 

�w�o�u�l�d� �b�e� �a� �s�e�l�f�-�r�e�g�u�l�a�t�e�d� �f�i�s�h�e�r�y�.� �I�n� �s�y�s�t�e�m�s� �w�h�e�r�e� �t�h�e� 

�a�n�g�l�i�n�g� �p�u�b�l�i�c� �w�o�u�l�d� �b�e� �a�m�e�n�a�b�l�e� �t�o� �s�u�c�h� �a�n� �i�d�e�a�,� �f�i�s�h�e�r�i�e�s� 

�m�a�n�a�g�e�r�s� �a�n�d� �a�d�m�i�n�i�s�t�r�a�t�o�r�s�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �a�n�g�l�e�r�s� 

�t�h�e�m�s�e�l�v�e�s�,� �n�e�e�d� �t�o� �b�e� �e�d�u�c�a�t�e�d� �a�s� �t�o� �t�h�e� �v�a�l�u�e� �o�f� �v�o�l�u�n�t�a�r�y� 

�r�e�l�e�a�s�e� �p�r�o�g�r�a�m�s�.� �T�h�e�s�e� �p�r�o�g�r�a�m�s� �w�o�u�l�d� �b�e� �b�e�t�t�e�r� �t�h�a�n� 

�r�e�g�u�l�a�t�i�o�n�s� �i�n� �a�c�h�i�e�v�i�n�g� �m�a�n�a�g�e�m�e�n�t� �o�b�j�e�c�t�i�v�e�s�,� �t�h�e�y� �w�o�u�l�d� �b�e� 

�f�a�r� �l�e�s�s� �c�o�m�p�l�i�c�a�t�e�d� �t�o� �u�n�d�e�r�s�t�a�n�d�,� �a�n�d� �t�h�e�y� �w�o�u�l�d� �r�e�q�u�i�r�e� �n�o� 

�l�a�w� �e�n�f�o�r�c�e�m�e�n�t�.� �F�u�r�t�h�e�r�,� �f�i�s�h�e�r�i�e�s� �a�g�e�n�c�i�e�s� �w�o�u�l�d� �n�e�e�d� �t�o� 

�p�r�o�m�o�t�e� �t�h�i�s� �c�a�t�c�h�-�a�n�d�-�r�e�l�e�a�s�e� �p�h�i�l�o�s�o�p�h�y�.� 

�S�e�c�o�n�d�,� �i�l�l�e�g�a�l� �h�a�r�v�e�s�t� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �i�n� �a� 

�r�e�c�r�e�a�t�i�o�n�a�l� �f�i�s�h�e�r�y� �a�r�e� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r�s� �t�o� �c�o�n�s�i�d�e�r� �w�h�e�n� 

�s�e�l�e�c�t�i�n�g� �s�p�e�c�i�a�l� �r�e�g�u�l�a�t�i�o�n�s� �t�o� �a�c�h�i�e�v�e� �m�a�n�a�g�e�m�e�n�t
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�o�b�j�e�c�t�i�v�e�s�.� �R�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y� �s�u�g�g�e�s�t�s� �t�h�a�t� �r�e�g�u�l�a�t�i�o�n�s� 

�w�o�r�k� �b�e�s�t� �a�t� �h�i�g�h� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �c�o�m�p�l�i�a�n�c�e� �a�n�d� �l�o�w� �l�e�v�e�l�s� 

�o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� �A� �d�e�c�r�e�a�s�e� �i�n� �a�n�g�l�e�r� �c�o�m�p�l�i�a�n�c�e� �a�n�d�/�o�r� 

�i�n�c�r�e�a�s�e� �i�n� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �w�i�l�l� �r�e�d�u�c�e� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� 

�s�p�e�c�i�f�i�c�a�l�l�y� �d�e�s�i�g�n�e�d� �r�e�g�u�l�a�t�i�o�n�s�.� �B�e�f�o�r�e� �p�r�o�p�o�s�i�n�g� �u�s�e� �o�f� 

�r�e�g�u�l�a�t�i�o�n�s� �t�o� �c�o�n�t�r�o�l� �h�a�r�v�e�s�t�,� �f�i�s�h�e�r�y� �m�a�n�a�g�e�r�s� �n�e�e�d� �t�o� 

�d�e�v�e�l�o�p� �a� �w�o�r�k�i�n�g� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �a�n�g�l�e�r� 

�b�e�h�a�v�i�o�r� �i�n� �a� �f�i�s�h�e�r�y� �i�n� �o�r�d�e�r� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �l�i�k�e�l�y� 

�e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �s�e�l�e�c�t� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s�.� �W�i�t�h� 

�a�p�p�r�o�p�r�i�a�t�e� �s�i�t�e� �s�p�e�c�i�f�i�c� �d�a�t�a� �a�v�a�i�l�a�b�l�e�,� �a� �m�o�d�e�l� �s�i�m�i�l�a�r� �t�o� 

�t�h�e� �o�n�e� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �c�a�n� �b�e� �u�s�e�d� �t�o� �t�h�i�s� �e�n�d�.� 

�T�h�i�r�d�,� �a� �c�h�a�n�g�e� �i�n� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �(�a�s� �l�i�t�t�l�e� �a�s� 

�1�0�%�)� �c�a�n� �h�a�v�e� �a� �d�i�s�c�e�r�n�a�b�l�e� �i�m�p�a�c�t� �o�n� �t�h�e� �d�e�g�r�e�e� �t�o� �w�h�i�c�h� 

�v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �r�e�g�u�l�a�t�e�s� �a� �f�i�s�h�e�r�y�,� �a�n�d� �h�o�w� �f�i�s�h� 

�p�o�p�u�l�a�t�i�o�n�s� �r�e�s�p�o�n�d� �t�o� �a�l�t�e�r�n�a�t�i�v�e� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s�.� 

�T�h�u�s�,� �e�v�e�n� �i�f� �a� �s�y�s�t�e�m� �i�s� �s�e�l�f�-�r�e�g�u�l�a�t�e�d� �(�i�.�e�.�,� �s�i�g�n�i�f�i�c�a�n�t� 

�l�e�v�e�l�s� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�)�,� �f�i�s�h�e�r�y� �m�a�n�a�g�e�r�s� �n�e�e�d� �t�o� 

�e�s�t�a�b�l�i�s�h� �t�h�e� �p�r�e�s�e�n�c�e� �o�f�-� �a�n�d� �q�u�a�n�t�i�f�y� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� 

�a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�.� �T�h�i�s� �i�m�p�a�c�t� �w�o�u�l�d� �b�e� �m�o�s�t� �c�r�i�t�i�c�a�l� 

�w�i�t�h� �l�o�w� �t�o� �m�o�d�e�r�a�t�e� �l�e�v�e�l�s� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�.� 

�F�o�u�r�t�h�,� �i�t� �i�s� �e�v�i�d�e�n�t� �t�h�a�t� �t�h�e� �a�s�s�u�m�p�t�i�o�n�s� �m�a�d�e� �i�n� 

�d�e�v�e�l�o�p�i�n�g� �t�h�i�s� �m�o�d�e�l� �a�r�e� �c�r�i�t�i�c�a�l� �t�o� �t�h�e� �p�r�o�p�e�r� 

�i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �m�o�d�e�l� �_� �r�e�s�u�l�t�s�.� �T�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� 

�a�s�s�u�m�p�t�i�o�n�s�,� �a�n�d� �l�i�k�e�l�y� �t�h�e� �m�o�s�t� �u�n�r�e�a�l�i�s�t�i�c�,� �i�n�c�l�u�d�e� �c�o�n�s�t�a�n�t� 

�r�e�c�r�u�i�t�m�e�n�t� �a�n�d� �g�r�o�w�t�h�,� �n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y�,� �a�n�d� �a� �c�o�n�s�t�a�n�t



�5�9� 

�c�a�t�c�h� �r�a�t�e�.� �F�i�s�h�e�r�y� �m�a�n�a�g�e�r�s� �n�e�e�d� �t�o� �c�o�n�s�i�d�e�r� �t�h�e� �r�e�l�a�t�i�v�e� 

�i�m�p�o�r�t�a�n�c�e� �o�f� �e�a�c�h� �o�f� �t�h�e�s�e� �a�s�s�u�m�p�t�i�o�n�s� �w�h�e�n� �a�s�s�e�s�s�i�n�g� �t�h�e� 

�e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �v�a�r�i�o�u�s� �r�e�s�t�r�i�c�t�i�v�e� �h�a�r�v�e�s�t� �r�e�g�u�l�a�t�i�o�n�s�.� 

�F�i�n�a�l�l�y�,� �n�a�t�u�r�a�l� �a�n�d� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �a�r�e� �f�r�e�q�u�e�n�t�l�y� 

�e�s�t�i�m�a�t�e�d� �w�i�t�h� �a� �g�r�e�a�t� �d�e�a�l� �o�f� �u�n�c�e�r�t�a�i�n�t�y�.� �S�e�n�s�i�t�i�v�i�t�y� 

�a�n�a�l�y�s�i�s� �o�f� �b�o�t�h� �n�a�t�u�r�a�l� �a�n�d� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �i�n�d�i�c�a�t�e� �t�h�a�t� 

�c�a�t�c�h� �a�n�d� �h�a�r�v�e�s�t� �s�t�a�t�i�s�t�i�c�s� �a�r�e� �h�i�g�h�l�y� �s�e�n�s�i�t�i�v�e� �t�o� �e�r�r�o�r�s� �i�n� 

�e�s�t�i�m�a�t�i�n�g� �n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y�,� �w�h�i�l�e� �m�u�c�h� �l�e�s�s� �s�e�n�s�i�t�i�v�e� �t�o� 

�p�e�r�t�u�r�b�a�t�i�o�n�s� �i�n� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y�.� �B�e�c�a�u�s�e� �n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y� 

�t�y�p�i�c�a�l�l�y� �c�o�n�t�r�i�b�u�t�e�s� �m�o�r�e� �t�o� �t�h�e� �o�v�e�r�a�l�l� �m�o�r�t�a�l�i�t�y� �t�h�a�n� 

�h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y�,� �f�i�s�h�e�r�y� �m�a�n�a�g�e�r�s� �n�e�e�d� �t�o� �o�b�t�a�i�n� �a�c�c�u�r�a�t�e� 

�e�s�t�i�m�a�t�e�s� �o�f� �n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y� �f�o�r� �u�s�e� �i�n� �p�o�p�u�l�a�t�i�o�n� �m�o�d�e�l�s�.



�C�H�A�P�T�E�R� �2� 

�S�i�m�u�l�a�t�i�n�g� �S�p�e�c�i�a�l� �R�e�g�u�l�a�t�i�o�n�s� �a�n�d� �A�n�g�l�e�r� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 
�i�n� �a� �R�e�c�r�e�a�t�i�o�n�a�l� �S�m�a�l�l�m�o�u�t�h� �B�a�s�s� �F�i�s�h�e�r�y� �-� �A� �C�a�s�e� �S�t�u�d�y� 

�I�n�t�r�o�d�u�c�t�i�o�n� 

�B�l�a�c�k� �b�a�s�s� �(�M�i�c�r�o�p�t�e�r�u�s� �s�p�p�.�)� �a�r�e� �a�m�o�n�g� �t�h�e� �m�o�s�t� �p�o�p�u�l�a�r� 

�s�p�o�r�t� �f�i�s�h� �i�n� �t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�,� �s�o�u�g�h�t� �b�y� �4�2� �p�e�r�c�e�n�t� �o�f� �t�h�e� 

�n�a�t�i�o�n ��s� �a�n�g�l�e�r�s� �(�1�9�8�5� �N�a�t�i�o�n�a�l� �S�u�r�v�e�y� �o�f� �F�i�s�h�i�n�g�,� �H�u�n�t�i�n�g�,� 

�a�n�d� �A�s�s�o�c�i�a�t�e�d� �W�i�l�d�l�i�f�e� �R�e�c�r�e�a�t�i�o�n�)�.� �H�e�a�v�y� �f�i�s�h�i�n�g� �p�r�e�s�s�u�r�e� 

�t�a�r�g�e�t�s� �b�l�a�c�k� �b�a�s�s� �i�n� �V�i�r�g�i�n�i�a� �a�s� �w�e�l�l�,� �p�a�r�t�i�c�u�l�a�r�l�y� �o�n� �t�h�e� 

�J�a�m�e�s� �R�i�v�e�r�,� �w�h�e�r�e� �5�3� �p�e�r�c�e�n�t� �o�f� �J�a�m�e�s� �R�i�v�e�r� �a�n�g�l�e�r�s� �p�r�e�f�e�r� 

�f�i�s�h�i�n�g� �f�o�r� �b�l�a�c�k� �b�a�s�s� �(�K�o�k�e�l� �1�9�9�1�)�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� �t�h�e�r�e� �i�s� 

�a� �g�r�e�a�t� �n�e�e�d� �f�o�r� �r�e�c�o�n�s�i�d�e�r�i�n�g� �f�i�s�h�i�n�g� �r�e�g�u�l�a�t�i�o�n�s� �t�o� �s�u�s�t�a�i�n� 

�o�r� �e�n�h�a�n�c�e� �f�i�s�h�i�n�g� �q�u�a�l�i�t�y�.� 

�T�h�e� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s�,� �M�.� �d�o�l�o�m�i�e�u�,� �f�i�s�h�e�r�y� �i�n� �t�h�e� �J�a�m�e�s� 

�R�i�v�e�r�,� �V�i�r�g�i�n�i�a�,� �i�s� �t�h�e� �f�o�c�u�s� �o�f� �t�h�i�s� �s�t�u�d�y� �i�n� �m�o�d�e�l�l�i�n�g� 

�r�e�s�t�r�i�c�t�i�v�e� �r�e�g�u�l�a�t�i�o�n�s� �a�n�d� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r�.� �T�h�e� �J�a�m�e�s� �R�i�v�e�r� 

�w�a�s� �c�h�o�s�e�n� �f�o�r� �s�e�v�e�r�a�l� �r�e�a�s�o�n�s�.� �T�h�e� �J�a�m�e�s� �R�i�v�e�r� �h�a�s� �l�o�n�g� �b�e�e�n� 

�c�o�n�s�i�d�e�r�e�d� �o�n�e� �o�f� �t�h�e� �p�r�e�m�i�e�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�i�e�s� �i�n� �t�h�e� 

�e�a�s�t�e�r�n� �U�n�i�t�e�d� �S�t�a�t�e�s� �(�M�c�C�l�a�n�e� �a�n�d� �G�a�r�d�n�e�r� �1�9�8�4�)�.� �H�o�w�e�v�e�r�,� �i�n� 

�r�e�c�e�n�t� �y�e�a�r�s�,� �h�a�r�v�e�s�t� �o�f� �c�i�t�a�t�i�o�n�-�s�i�z�e�d� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �[�f�i�v�e� 

�p�o�u�n�d�s� �(�2�.�3� �k�i�l�o�g�r�a�m�s�)� �a�n�d� �l�a�r�g�e�r�]� �h�a�s� �d�e�c�l�i�n�e�d� �(�F�i�g�u�r�e� �1�3�)�.� 

�O�n�e� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�i�s� �r�e�d�u�c�t�i�o�n� �i�s� �a�n� �a�l�l�e�g�e�d� �i�n�c�r�e�a�s�e� �i�n� 

�f�i�s�h�i�n�g� �p�r�e�s�s�u�r�e� �o�n� �r�i�v�e�r�s� �i�n� �g�e�n�e�r�a�l� �a�n�d� �o�n� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� 

�i�n� �p�a�r�t�i�c�u�l�a�r�.� �A�n� �i�n�c�r�e�a�s�e� �i�n� �c�a�t�c�h�-�a�n�d�-�r�e�l�e�a�s�e�,� �o�r� �r�e�d�u�c�e�d� 

�h�a�r�v�e�s�t�,� �o�f� �"�t�r�o�p�h�y�"� �f�i�s�h� �c�o�u�l�d� �a�l�s�o� �e�x�p�l�a�i�n� �t�h�i�s� �t�r�e�n�d�.� �I�n� 
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�o�r�d�e�r� �t�o� �p�r�e�s�e�r�v�e� �t�h�e� �s�t�a�t�u�s� �o�f� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �s�m�a�l�l�m�o�u�t�h� 

�b�a�s�s� �f�i�s�h�e�r�y�,� �t�h�e� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �G�a�m�e� �a�n�d� �I�n�l�a�n�d� 

�F�i�s�h�e�r�i�e�s� �r�e�c�e�n�t�l�y� �b�e�g�a�n� �a� �p�r�o�g�r�a�m� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� 

�e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �c�u�r�r�e�n�t� �r�e�g�u�l�a�t�i�o�n�s�.� 

�P�r�e�s�e�n�t� �r�e�g�u�l�a�t�i�o�n�s� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �i�n� �t�h�e� �J�a�m�e�s� 

�R�i�v�e�r� �h�a�v�e� �b�e�e�n� �i�n� �p�l�a�c�e� �s�i�n�c�e� �J�a�n�u�a�r�y� �1�,� �1�9�8�7�.� �T�h�e�y� �i�n�c�l�u�d�e� 

�a�n� �1�1�-�1�4� �i�n�c�h� �s�l�o�t� �l�e�n�g�t�h� �l�i�m�i�t� �a�n�d� �a� �d�a�i�l�y� �c�r�e�e�l� �l�i�m�i�t� �o�f� 

�f�i�v�e�.� �C�a�t�c�h� �a�n�d� �h�a�r�v�e�s�t� �d�a�t�a� �(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�)�,� 

�s�u�p�p�o�r�t�e�d� �b�y� �r�e�s�u�l�t�s� �o�f� �a� �r�e�c�e�n�t� �s�t�u�d�y� �o�n� �t�h�e� �S�h�e�n�a�n�d�o�a�h� 

�R�i�v�e�r�,� �V�i�r�g�i�n�i�a� �(�K�a�u�f�f�m�a�n� �a�n�d� �S�m�i�t�h� �1�9�8�7�)�,� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e�s�e� 

�r�e�g�u�l�a�t�i�o�n�s� �a�r�e� �n�o�t� �a�c�h�i�e�v�i�n�g� �t�h�e� �d�e�s�i�r�e�d� �o�b�j�e�c�t�i�v�e� �(�w�h�i�c�h� �i�s� 

�t�o� �s�u�s�t�a�i�n� �f�i�s�h�i�n�g� �q�u�a�l�i�t�y� �b�y� �i�m�p�r�o�v�i�n�g� �g�r�o�w�t�h� �o�f� �s�m�a�l�l� �f�i�s�h�)�,� 

�a�n�d� �m�a�y� �n�o�t� �b�e� �a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �t�h�e� �J�a�m�e�s� �R�i�v�e�r�.� �K�a�u�f�f�m�a�n� �a�n�d� 

�S�m�i�t�h� �(�1�9�8�7�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� �i�n�e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �s�l�o�t� 

�l�i�m�i�t� �i�n� �t�h�e� �S�h�e�n�a�n�d�o�a�h� �R�i�v�e�r� �w�a�s� �t�h�e� �r�e�s�u�l�t� �o�f� �v�o�l�u�n�t�a�r�y� 

�c�a�t�c�h�-�a�n�d�-�r�e�l�e�a�s�e� �t�h�a�t� �a�v�e�r�a�g�e�d� �7�2� �p�e�r�c�e�n�t� �f�o�r� �l�e�g�a�l�-�s�i�z�e�d� 

�b�a�s�s� �l�e�s�s� �t�h�a�n� �1�l� �i�n�c�h�e�s�.� �T�h�i�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �w�i�t�h�o�u�t� �a�d�e�q�u�a�t�e� 

�h�a�r�v�e�s�t� �o�f� �f�i�s�h� �b�e�l�o�w� �a� �s�l�o�t� �l�i�m�i�t�,� �t�h�e� �r�e�g�u�l�a�t�i�o�n� �b�e�c�o�m�e�s� 

�i�n�e�f�f�e�c�t�i�v�e� �i�n� �i�m�p�r�o�v�i�n�g� �g�r�o�w�t�h� �o�f� �y�o�u�n�g�e�r� �a�g�e� �c�l�a�s�s�e�s�.� 

�F�u�r�t�h�e�r�,� �g�r�o�w�t�h� �o�f� �f�i�s�h� �l�e�s�s� �t�h�a�n� �1�1� �i�n�c�h�e�s� �i�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� 

�i�s� �g�o�o�d� �(�G�a�r�m�a�n� �e�t� �a�l�.� �1�9�9�1�)�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �g�r�o�w�t�h� 

�e�n�h�a�n�c�e�m�e�n�t� �v�i�a� �a� �s�l�o�t� �l�i�m�i�t� �m�a�y� �b�e� �i�n�e�f�f�e�c�t�i�v�e�.� 

�T�h�e� �e�f�f�e�c�t� �o�f� �n�o�v�e�l�,� �o�r� �n�e�w�,� �r�e�g�u�l�a�t�i�o�n�s� �c�a�n�n�o�t� �b�y� 

�a�n�a�l�y�z�e�d� �w�i�t�h�o�u�t� �s�o�m�e� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �t�h�e� �l�e�v�e�l� �o�f� �a�n�g�l�e�r� 

�n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �t�h�a�t� �e�x�i�s�t�s� �w�i�t�h� �v�a�r�i�o�u�s



�6�3� 

�r�e�g�u�l�a�t�i�o�n�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �e�a�c�h� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�y� 

�d�i�f�f�e�r�s� �i�n� �f�i�s�h� �p�o�p�u�l�a�t�i�o�n� �d�y�n�a�m�i�c�s� �a�n�d� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r� �a�n�d� 

�s�h�o�u�l�d� �b�y� �t�r�e�a�t�e�d� �a�s� �s�u�c�h�.� �T�h�e� �p�r�e�s�e�n�t� �s�l�o�t�-�l�e�n�g�t�h� �a�n�d� �d�a�i�l�y� 

�c�r�e�e�l� �l�i�m�i�t�s� �w�e�r�e� �i�m�p�l�e�m�e�n�t�e�d� �i�n� �1�9�8�7� �b�a�s�e�d� �o�n� �f�i�e�l�d� �s�t�u�d�i�e�s� 

�f�r�o�m� �o�t�h�e�r� �V�i�r�g�i�n�i�a� �s�t�r�e�a�m�s�.� �N�e�w� �d�a�t�a� �o�n� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� 

�c�a�t�c�h� �a�n�d� �h�a�r�v�e�s�t� �(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�)� �a�n�d� �g�r�o�w�t�h� �(�G�a�r�m�a�n� 

�e�t� �a�l�.� �1�9�9�1�)� �n�o�w� �a�v�a�i�l�a�b�l�e� �f�o�r� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �p�r�o�v�i�d�e� �t�h�e� 

�b�a�s�i�s� �f�o�r� �r�e�-�e�x�a�m�i�n�i�n�g� �t�h�e� �n�e�e�d� �f�o�r� �a�n�d� �e�f�f�e�c�t� �o�f� �n�o�v�e�l� 

�r�e�g�u�l�a�t�i�o�n�.� �A�l�s�o�,� �e�s�t�i�m�a�t�e�s� �o�f� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �(�K�o�k�e�l� �1�9�9�1�)� 

�a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�)� �b�y� �a�n�g�l�e�r�s� �o�n� 

�t�h�e� �J�a�m�e�s� �R�i�v�e�r� �p�r�o�v�i�d�e� �f�o�r� �m�o�r�e� �r�e�a�l�i�s�t�i�c� �a�n�a�l�y�s�e�s� �o�f� �t�h�e� 

�e�f�f�e�c�t�s� �o�f� �c�h�a�n�g�i�n�g� �r�e�g�u�l�a�t�i�o�n�s�.� �F�i�n�a�l�l�y�,� �t�h�e� �p�r�o�f�i�l�e� �o�f� 

�r�e�c�r�e�a�t�i�o�n�a�l� �u�s�e�r�s� �o�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �(�S�t�a�n�o�v�i�c�k� �e�t� �a�l�.� �1�9�9�1�)� 

�p�r�o�v�i�d�e�s� �a�n� �o�b�j�e�c�t�i�v�e� �b�a�s�i�s� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� �a�p�p�r�o�p�r�i�a�t�e� 

�d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s� �o�n� �w�h�i�c�h� �t�o� �b�a�s�e� �d�e�c�i�s�i�o�n�s� �r�e�g�a�r�d�i�n�g� 

�r�e�g�u�l�a�t�i�o�n�s�.� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �s�t�u�d�y� �w�a�s� �t�o� �a�n�a�l�y�z�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

�a�l�t�e�r�n�a�t�i�v�e� �r�e�g�u�l�a�t�i�o�n�s� �f�o�r� �m�e�e�t�i�n�g� �m�a�n�a�g�e�m�e�n�t� �o�b�j�e�c�t�i�v�e�s� �f�o�r� 

�t�h�e� �J�a�m�e�s� �R�i�v�e�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�y�.� �A� �n�u�m�b�e�r� �o�f� �l�e�n�g�t�h� 

�l�i�m�i�t�s� �a�n�d� �c�r�e�e�l� �l�i�m�i�t�s� �w�e�r�e� �s�i�m�u�l�a�t�e�d�,� �i�n�c�l�u�d�i�n�g� �m�i�n�i�m�u�m�s�,� 

�s�l�o�t�s�,� �a�n�d� �m�a�x�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�s�.� �T�h�e� �r�a�n�g�e� �o�f� �m�i�n�i�m�u�m� �a�n�d� 

�s�l�o�t� �l�e�n�g�t�h� �l�i�m�i�t�s� �i�n�c�l�u�d�e�d� �t�h�o�s�e� �r�e�g�u�l�a�t�i�o�n�s� �c�o�m�m�o�n�l�y� 

�e�m�p�l�o�y�e�d� �i�n� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �m�a�n�a�g�e�m�e�n�t�.� �M�a�x�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�s� 

�w�e�r�e� �i�n�c�l�u�d�e�d� �b�e�c�a�u�s�e� �n�o� �o�t�h�e�r� �s�t�u�d�y� �a�d�d�r�e�s�s�e�s� �t�h�e�i�r� �u�s�e� �i�n� 

�f�r�e�s�h�w�a�t�e�r� �f�i�s�h�e�r�i�e�s� �m�a�n�a�g�e�m�e�n�t�.
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�H�i�g�h� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �i�s� �p�o�t�e�n�t�i�a�l�l�y� �i�m�p�o�r�t�a�n�t� �i�n� 

�c�o�n�t�r�o�l�l�i�n�g� �c�h�a�n�g�e�s� �i�n� �r�e�c�r�e�a�t�i�o�n�a�l� �f�i�s�h�e�r�i�e�s� �(�C�l�a�r�k� �1�9�8�3�)�.� 

�G�i�v�e�n� �t�h�e� �h�i�g�h� �l�e�v�e�l�s� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �o�f� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� 

�i�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�)�,� �i�t� �s�e�e�m�s� 

�r�e�a�s�o�n�a�b�l�e� �t�o� �a�s�s�u�m�e� �t�h�a�t� �r�e�c�r�u�i�t�m�e�n�t� �o�f� �y�o�u�n�g� �f�i�s�h� �w�o�u�l�d� 

�c�h�a�n�g�e� �l�i�t�t�l�e� �w�i�t�h� �n�e�w� �r�e�g�u�l�a�t�i�o�n�s�.� �H�o�w�e�v�e�r�,� �d�e�n�s�i�t�y�-� 

�d�e�p�e�n�d�e�n�t� �r�e�c�r�u�i�t�m�e�n�t� �r�e�m�a�i�n�s� �a� �f�u�n�d�a�m�e�n�t�a�l� �a�s�s�u�m�p�t�i�o�n� �o�f� �t�h�i�s� 

�m�o�d�e�l�,� �a�s� �t�h�i�s� �m�o�d�e�l� �w�a�s� �d�e�s�i�g�n�e�d� �t�o� �b�e� �a� �g�e�n�e�r�a�l� �m�e�t�h�o�d� �o�f� 

�e�v�a�l�u�a�t�i�n�g� �h�a�r�v�e�s�t� �r�e�g�u�l�a�t�i�o�n�s� �a�n�d� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r� �i�n� �a� �w�i�d�e� 

�v�a�r�i�e�t�y� �o�f� �r�e�c�r�e�a�t�i�o�n�a�l� �f�i�s�h�e�r�i�e�s�.� 

�F�r�o�m� �a� �m�a�n�a�g�e�m�e�n�t� �s�t�a�n�d�p�o�i�n�t�,� �i�m�p�r�o�v�i�n�g� �o�v�e�r�a�l�l� �c�a�t�c�h� �a�n�d� 

�p�r�o�p�o�r�t�i�o�n�a�l� �s�t�o�c�k� �d�e�n�s�i�t�y� �(�P�S�D�)� �w�o�u�l�d� �l�i�k�e�l�y� �b�e� �t�h�e� �m�o�s�t� 

�i�m�p�o�r�t�a�n�t� �o�b�j�e�c�t�i�v�e�s�:� �c�a�t�c�h�i�n�g� �m�a�n�y� �f�i�s�h� �a�n�d� �c�a�t�c�h�i�n�g� �l�a�r�g�e� 

�f�i�s�h� �w�e�r�e� �m�o�r�e� �i�m�p�o�r�t�a�n�t� �m�o�t�i�v�a�t�i�o�n�s� �o�f� �J�a�m�e�s� �R�i�v�e�r� �a�n�g�l�e�r�s� 

�t�h�a�n� �s�u�b�s�i�s�t�e�n�c�e� �(�S�t�a�n�o�v�i�c�k� �e�t� �a�l�.� �1�9�9�1�)�,� �a�l�t�h�o�u�g�h� �m�a�n�y� �c�a�t�c�h�-� 

�a�n�d�-�r�e�l�e�a�s�e� �a�n�g�l�e�r�s� �m�a�y� �d�e�s�i�r�e� �t�o� �k�e�e�p� �s�o�m�e� �l�a�r�g�e� �f�i�s�h�.� 

�H�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d�,� �t�h�e�n�,� �n�e�e�d� �t�o� �b�e� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �o�v�e�r�a�l�l� 

�m�a�n�a�g�e�m�e�n�t� �p�l�a�n�.� �M�e�a�n� �l�e�n�g�t�h� �c�a�u�g�h�t� �a�n�d� �h�a�r�v�e�s�t�e�d� �a�r�e� 

�m�e�a�s�u�r�e�s� �o�f� �q�u�a�l�i�t�y� �i�n� �a� �f�i�s�h�e�r�y� �a�n�d� �o�f�t�e�n� �c�o�n�s�i�d�e�r�e�d� 

�i�m�p�o�r�t�a�n�t� �b�y� �f�i�s�h�e�r�y� �m�a�n�a�g�e�r�s�.� �T�h�e�s�e� �t�w�o� �v�a�r�i�a�b�l�e�s� �w�e�r�e� 

�h�i�g�h�l�y� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �P�S�D� �e�s�t�i�m�a�t�e�s� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �i�n� 

�t�h�e� �N�e�w� �R�i�v�e�r�,� �W�e�s�t� �V�i�r�g�i�n�i�a� �(�W�a�g�n�e�r� �1�9�9�1�)�,� �a�n�d� �t�h�e�r�e�f�o�r�e�,� 

�w�e�r�e� �i�n�d�i�r�e�c�t�l�y� �a�d�d�r�e�s�s�e�d� �i�n� �t�h�e�s�e� �a�n�a�l�y�s�e�s�.



�6�5� 

�M�e�t�h�o�d�s� 

�A�n� �a�g�e�-�s�t�r�u�c�t�u�r�e�d�,� �n�o�n�-�l�i�n�e�a�r�,� �p�o�p�u�l�a�t�i�o�n� �m�o�d�e�l� �f�o�r� 

�m�o�d�e�l�l�i�n�g� �r�e�c�r�e�a�t�i�o�n�a�l� �f�i�s�h�e�r�i�e�s� �(�W�a�g�n�e�r� �1�9�9�1�)� �w�a�s� �m�o�d�i�f�i�e�d�,� 

�n�a�m�e�l�y� �i�n� �t�h�e� �f�o�r�m�u�l�a�t�i�o�n� �o�f� �f�i�s�h�i�n�g� �a�n�d� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y�,� �t�o� 

�e�x�a�m�i�n�e� �t�h�e� �r�o�l�e�s� �o�f� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� 

�r�e�l�e�a�s�e� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �e�f�f�i�c�a�c�y� �o�f� �s�p�e�c�i�a�l� �r�e�g�u�l�a�t�i�o�n�s�,� �i�n� 

�p�a�r�t�i�c�u�l�a�r� �l�e�n�g�t�h� �a�n�d� �c�r�e�e�l� �l�i�m�i�t�s�.� �I�n� �g�e�n�e�r�a�l�,� �p�o�p�u�l�a�t�i�o�n� 

�p�a�r�a�m�e�t�e�r�s� �(�f�r�o�m� �G�a�r�m�a�n� �e�t� �a�l�.� �1�9�9�1�)� �w�e�r�e� �p�r�o�v�i�d�e�d� �a�s� �i�n�p�u�t� �t�o� 

�t�h�e� �m�o�d�e�l�.� �I�n�s�t�a�n�t�a�n�e�o�u�s� �t�o�t�a�l� �m�o�r�t�a�l�i�t�y� �[�Z�]� �w�a�s� �s�e�p�a�r�a�t�e�d� 

�i�n�t�o� �t�h�r�e�e� �c�o�m�p�o�n�e�n�t� �p�a�r�t�s�,� �i�n�s�t�a�n�t�a�n�e�o�u�s� �r�a�t�e�s� �o�f� �f�i�s�h�i�n�g� 

�[�F�]�,� �h�o�o�k�i�n�g� �[�H�]�,� �a�n�d� �n�a�t�u�r�a�l� �[�M�]� �m�o�r�t�a�l�i�t�y�.� �S�i�m�u�l�a�t�e�d� 

�c�h�a�n�g�e�s� �i�n� �a�n�g�l�e�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �a�n�d� �r�e�g�u�l�a�t�i�o�n�s� �i�m�p�a�c�t� �t�h�e� 

�r�a�t�e�s� �o�f� �f�i�s�h�i�n�g� �a�n�d� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y�.� �N�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y� �w�a�s� 

�a�s�s�u�m�e�d� �t�o� �b�e� �d�e�n�s�i�t�y�-�i�n�d�e�p�e�n�d�e�n�t� �a�n�d� �h�e�l�d� �c�o�n�s�t�a�n�t� �f�o�r� �a�l�l� 

�r�e�g�u�l�a�t�i�o�n�s� �s�t�u�d�i�e�d�.� �T�h�e�r�e�f�o�r�e�,� �r�e�g�u�l�a�t�i�o�n�s� �a�n�d� �a�n�g�l�e�r� 

�b�e�h�a�v�i�o�r� �h�a�d� �n�o� �i�n�f�l�u�e�n�c�e� �o�n� �n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y�.� �I�n� �o�r�d�e�r� �t�o� 

�h�e�l�p� �c�l�a�r�i�f�y� �q�u�e�s�t�i�o�n�s� �r�e�g�a�r�d�i�n�g� �t�h�e� �m�o�d�e�l ��s� �s�t�r�u�c�t�u�r�e�,� �a� �c�o�p�y� 

�o�f� �t�h�e� �p�r�o�g�r�a�m� �u�s�e�d� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �a�u�t�h�o�r�.� 

�M�o�d�e�l� �D�e�s�c�r�i�p�t�i�o�n� 

�T�h�e� �c�a�l�c�u�l�a�t�e�d� �c�h�a�n�g�e� �i�n� �n�u�m�b�e�r�s� �o�f� �f�i�s�h� �i�n� �e�a�c�h� �c�o�h�o�r�t� 

�f�o�r� �a� �g�i�v�e�n� �y�e�a�r� �w�a�s� �b�a�s�e�d� �o�n� �a�n�n�u�a�l� �m�o�r�t�a�l�i�t�y� �a�n�d� �g�r�o�w�t�h� 

�r�a�t�e�s�,� �a�n�d� �n�u�m�b�e�r� �i�n� �t�h�e� �c�o�h�o�r�t� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �p�r�e�v�i�o�u�s� 

�y�e�a�r� �a�s� �s�h�o�w�n� �i�n� �e�q�u�a�t�i�o�n� �4� �o�f� �T�a�b�l�e� �2� �i�n� �C�h�a�p�t�e�r� �1� �(�b�a�s�e�d� �o�n� 

�W�a�l�t�e�r�s� �1�9�6�9�)�.� �T�h�e� �n�u�m�e�r�i�c�a�l� �a�b�u�n�d�a�n�c�e� �o�f� �a�g�e�-�1�l� �f�i�s�h� 

�r�e�c�r�u�i�t�e�d� �e�a�c�h� �y�e�a�r� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �p�r�e�v�i�o�u�s� �y�e�a�r ��s� �a�g�e�-
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�0� �g�r�o�u�p� �(�e�q�u�a�t�i�o�n�s� �1�,� �2�)� �a�n�d� �t�h�e� �s�u�r�v�i�v�a�l� �o�f� �a�g�e�-�0� �a�s� 

�c�a�l�c�u�l�a�t�e�d� �w�i�t�h� �t�h�e� �d�e�n�s�i�t�y�-�d�e�p�e�n�d�e�n�t� �B�e�v�e�r�t�o�n� �a�n�d� �H�o�l�t� �s�t�o�c�k�-� 

�r�e�c�r�u�i�t�m�e�n�t� �f�u�n�c�t�i�o�n� �(�e�q�u�a�t�i�o�n� �3�)� �(�R�i�c�k�e�r� �1�9�7�5�)�.� �F�o�r� �p�u�r�p�o�s�e�s� 

�o�f� �t�h�i�s� �s�t�u�d�y� �(�b�a�s�e�d� �o�n� �t�h�e� �o�b�s�e�r�v�e�d� �h�i�g�h� �l�e�v�e�l� �o�f� �v�o�l�u�n�t�a�r�y� 

�r�e�l�e�a�s�e�)�,� �r�e�c�r�u�i�t�m�e�n�t� �t�o� �a�g�e�-�1� �w�a�s� �a�s�s�u�m�e�d� �c�o�n�s�t�a�n�t�.� �T�h�i�s� 

�a�s�s�u�m�p�t�i�o�n� �i�s� �p�r�o�b�a�b�l�y� �n�o�t� �v�a�l�i�d� �f�o�r� �m�o�s�t� �r�i�v�e�r� �p�o�p�u�l�a�t�i�o�n�s� �o�f� 

�s�m�a�l�l�m�o�u�t�h� �b�a�s�s�.� 

�T�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �a�g�e�-�0� �f�i�s�h� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �b�a�s�e�d� �o�n� �e�g�g� 

�p�r�o�d�u�c�t�i�o�n� �a�n�d� �h�a�t�c�h�i�n�g� �s�u�c�c�e�s�s� �(�e�q�u�a�t�i�o�n� �1�)�,� �w�h�e�r�e� �e�g�g� 

�p�r�o�d�u�c�t�i�o�n� �b�y� �c�o�h�o�r�t� �w�a�s� �t�h�e� �p�r�o�d�u�c�t� �o�f� �n�u�m�b�e�r�s�,� �p�r�o�p�o�r�t�i�o�n� �o�f� 

�f�e�m�a�l�e�s�,� �m�a�t�u�r�i�t�y� �r�a�t�e�,� �a�n�d� �m�e�a�n� �f�e�c�u�n�d�i�t�y� �o�f� �m�a�t�u�r�e� �f�e�m�a�l�e�s� 

�i�n� �t�h�e� �c�o�h�o�r�t� �(�e�q�u�a�t�i�o�n� �2�)�.� �F�u�r�t�h�e�r�,� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �e�g�g� 

�p�r�o�d�u�c�t�i�o�n� �a�s�s�u�m�e�s� �t�h�a�t� �a�l�l� �e�g�g�s� �a�r�e� �s�p�a�w�n�e�d�.� �E�a�c�h� �s�i�m�u�l�a�t�e�d� 

�y�e�a�r� �b�e�g�i�n�s� �a�t� �t�h�e� �t�i�m�e� �o�f� �h�a�t�c�h�i�n�g� �f�o�r� �y�o�u�n�g�-�o�f�-�t�h�e�-�y�e�a�r� 

�f�i�s�h�,� �w�h�i�c�h� �d�e�p�e�n�d�s� �u�p�o�n� �t�h�e� �s�p�e�c�i�e�s� �o�f� �f�i�s�h� �b�e�i�n�g� �m�o�d�e�l�l�e�d�.� 

�A�t� �t�h�i�s� �t�i�m�e�,� �e�a�c�h� �c�o�h�o�r�t� �w�a�s� �s�h�i�f�t�e�d� �t�o� �t�h�e� �n�e�x�t� �h�i�g�h�e�r� �a�g�e� 

�g�r�o�u�p�.� �E�a�c�h� �c�o�h�o�r�t� �w�a�s� �a�s�s�u�m�e�d� �t�o� �h�a�v�e� �t�h�e� �m�e�a�n� �l�e�n�g�t�h� �t�h�a�t� 

�w�a�s� �e�n�t�e�r�e�d� �f�o�r� �t�h�a�t� �a�g�e� �g�r�o�u�p�.� �G�r�o�w�t�h� �i�n� �w�e�i�g�h�t� �w�a�s� 

�c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �l�e�n�g�t�h�-�w�e�i�g�h�t� �r�e�g�r�e�s�s�i�o�n�.� �T�h�e� �m�e�a�n� �l�e�n�g�t�h� 

�f�o�r� �a�n� �a�g�e� �g�r�o�u�p� �w�a�s� �e�n�t�e�r�e�d� �i�n�t�o� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �a�n�d� �t�h�e� 

�r�e�s�u�l�t�i�n�g� �w�e�i�g�h�t� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �m�e�a�n� �w�e�i�g�h�t� �f�o�r� �t�h�e� �a�g�e� 

�g�r�o�u�p�.� �A� �c�o�m�p�l�e�t�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �i�n�p�u�t� �p�a�r�a�m�e�t�e�r�s� �a�n�d� �s�o�u�r�c�e�s� 

�o�f� �d�a�t�a� �i�s� �f�o�u�n�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n�.� 

�M�o�r�t�a�l�i�t�y� �a�t� �a�n�y� �i�n�s�t�a�n�t� �i�n� �t�i�m�e� �i�s� �d�i�v�i�d�e�d� �b�e�t�w�e�e�n� 

�n�a�t�u�r�a�l� �c�a�u�s�e�s� �a�n�d� �f�i�s�h�i�n�g�,� �i�n� �t�h�e� �r�a�t�i�o� �o�f� �F� �t�o� �M�.� �P�o�t�e�n�t�i�a�l
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�h�a�r�v�e�s�t�,� �o�r� �c�a�t�c�h� �i�n� �t�h�i�s� �m�o�d�e�l�,� �i�s� �F� �t�i�m�e�s� �t�h�e� �a�v�e�r�a�g�e� 

�p�o�p�u�l�a�t�i�o�n�.� �T�h�e�r�e�f�o�r�e�,� �a�n�n�u�a�l� �c�a�t�c�h� �i�n� �n�u�m�b�e�r�s� �w�a�s� �c�a�l�c�u�l�a�t�e�d� 

�f�r�o�m� �B�a�r�a�n�o�v ��s� �c�a�t�c�h� �e�q�u�a�t�i�o�n� �a�s� �i�n� �e�q�u�a�t�i�o�n� �2�5� �o�f� �T�a�b�l�e� �2� 

�(�R�i�c�k�e�r� �1�9�7�5�)�.� �T�o� �c�o�m�b�i�n�e� �g�r�o�w�t�h� �a�n�d� �m�o�r�t�a�l�i�t�y� �i�n� �t�h�e� �s�a�m�e� 

�e�x�p�r�e�s�s�i�o�n�,� �f�o�r� �t�h�e� �p�u�r�p�o�s�e�s� �o�f� �e�s�t�i�m�a�t�i�n�g� �y�i�e�l�d� �p�e�r� �a�g�e� �g�r�o�u�p� 

�(�e�q�u�a�t�i�o�n� �2�4�)�,� �B�a�r�a�n�o�v ��s� �c�a�t�c�h� �e�q�u�a�t�i�o�n� �w�a�s� �m�o�d�i�f�i�e�d� �b�y� 

�h�a�r�v�e�s�t� �(�e�q�u�a�t�i�o�n� �2�1�)�,� �m�e�a�n� �b�i�o�m�a�s�s� �(�e�q�u�a�t�i�o�n� �2�2�)�,� �a�n�d� �t�h�e� 

�i�n�s�t�a�n�t�a�n�e�o�u�s� �g�r�o�w�t�h� �r�a�t�e� �(�e�q�u�a�t�i�o�n� �2�3�)�.� 

�D�a�t�a� �S�o�u�r�c�e�s� �a�n�d� �D�e�r�i�v�a�t�i�o�n� �o�f� �M�o�d�e�l� �I�n�p�u�t� �P�a�r�a�m�e�t�e�r�s� 

�D�a�t�a� �s�p�e�c�i�f�i�c� �f�o�r� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�G�a�r�m�a�n� �e�t� �a�l�.� �(�1�9�9�1�)�,� �C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �(�1�9�9�1�)�,� �S�t�a�n�o�v�i�c�k� �e�t� 

�a�l�.� �(�1�9�9�1�)�,� �a�n�d� �K�o�k�e�l� �(�1�9�9�1�)�.� �T�h�e�s�e� �d�a�t�a� �i�n�c�l�u�d�e�d� �s�m�a�l�l�m�o�u�t�h� 

�b�a�s�s� �p�o�p�u�l�a�t�i�o�n� �s�t�a�t�i�s�t�i�c�s�,� �a�n�g�l�e�r� �e�f�f�o�r�t�,� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r�a�l� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �a�n�d� �c�a�t�c�h�/�h�a�r�v�e�s�t� �s�t�a�t�i�s�t�i�c�s�.� �T�o� �f�i�l�l� �a�n�y� 

�e�x�i�s�t�i�n�g� �g�a�p�s�,� �d�a�t�a� �o�f� �a� �m�o�r�e� �g�e�n�e�r�a�l� �n�a�t�u�r�e� �w�e�r�e� �o�b�t�a�i�n�e�d� 

�f�r�o�m� �p�u�b�l�i�s�h�e�d� �l�i�t�e�r�a�t�u�r�e� �o�f� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �l�i�f�e� �h�i�s�t�o�r�y�.� 

�T�h�e� �p�a�r�a�m�e�t�e�r�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �p�u�b�l�i�s�h�e�d� �a�c�c�o�u�n�t�s� �(�C�l�a�d�y� �1�9�7�5�,� 

�C�a�r�l�a�n�d�e�r� �1�9�7�7�)� �w�e�r�e� �t�h�o�s�e� �w�h�i�c�h� �w�e�r�e� �r�e�l�a�t�i�v�e�l�y� �c�o�n�s�t�a�n�t� �f�o�r� 

�t�h�e� �s�p�e�c�i�e�s� �i�n� �s�i�m�i�l�a�r� �r�i�v�e�r�i�n�e� �s�y�s�t�e�m�s� �o�v�e�r� �i�t�s� �e�n�t�i�r�e� �r�a�n�g�e�,� 

�s�u�c�h� �a�s� �a�g�e� �a�t� �f�i�r�s�t� �s�p�a�w�n�,� �e�g�g� �c�o�n�t�e�n�t� �b�y� �l�e�n�g�t�h�,� �s�e�x� �r�a�t�i�o�,� 

�a�n�d� �h�a�t�c�h�i�n�g� �s�u�c�c�e�s�s� �(�T�a�b�l�e� �3� �i�n� �C�h�a�p�t�e�r� �1�)�.� 

�T�o�t�a�l� �m�o�r�t�a�l�i�t�y� �f�o�r� �e�a�c�h� �a�g�e� �g�r�o�u�p� �w�a�s� �e�s�t�i�m�a�t�e�d� �f�r�o�m� 

�a�g�e�-� �s�p�e�c�i�f�i�c� �s�u�r�v�i�v�a�l� �r�a�t�e�s�,� �b�a�s�e�d� �o�n� �c�a�t�c�h� �p�e�r� �u�n�i�t� �e�f�f�o�r�t� 

�d�a�t�a� �(�T�a�b�l�e� �8�)� �f�r�o�m� �1�9�8�7� �t�h�r�o�u�g�h� �1�9�8�9�.� �A�g�e�-�s�p�e�c�i�f�i�c� �s�u�r�v�i�v�a�l� 

�w�a�s� �c�a�l�c�u�l�a�t�e�d� �b�y� �t�h�e� �e�q�u�a�t�i�o�n�:
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�T�a�b�l�e� �8�.� �C�a�t�c�h� �p�e�r� �u�n�i�t� �e�f�f�o�r�t� �(�#�/�h�o�u�r�;� �b�o�a�t� �e�l�e�c�t�r�o�f�i�s�h�i�n�g�)� �a�n�d� �a�g�e� 
�s�p�e�c�i�f�i�c� �s�u�r�v�i�v�a�l� �(�a�n�d� �t�o�t�a�l� �i�n�s�t�a�n�t�a�n�e�o�u�s� �m�o�r�t�a�l�i�t�y�)� �f�o�r� 
�s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �i�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r�,� �V�i�r�g�i�n�i�a�.� �D�e�r�i�v�e�d� �f�r�o�m� 
�G�a�r�m�a�n� �e�t� �a�l�.� �(�1�9�9�1�)�.� 

� � 

� � 

� � 

�Y�e�a�r� 

�A�v�e�r�a�g�e� 
�Y�e�a�r� �1�9�8�7� �1�9�8�8� �1�9�8�9� �S�u�r�v�i�v�a�l� �T�o�t�a�l� �M�o�r�t�.� 
�C�l�a�s�s� �C�P�U�E� �C�P�U�E� �C�P�U�E� �A�g�e� �S� �Z� 

�1�9�8�6� �0�.�1�9�3� �0�.�1�2�4� �0�.�0�8�3� �1�-�3� �0�.�6�6� �0�.�4�3� 

�1�9�8�5� �0�.�0�8�1� �0�.�0�3�5� �0�.�0�1�2� �2�-�4� �0�.�3�8� �0�.�9�8� 

�1�9�8�4� �0�.�0�2�4� �0�.�0�0�9� �0�.�0�0�3� �3�-�5� �0�.�3�5� �1�.�0�4� 

�1�9�8�3� �0�.�0�3�8� �0�.�0�1�5� �0�.�0�0�7� �4�-�6� �0�.�4�3� �0�.�8�5� 

�1�9�8�2�2� �0�.�0�0�6� �0�.�0�0�7� �0�.�0�0�3� �6�+� �0�.�4�3� �0�.�8�4� 

� � 

�*� �T�h�e� �1�9�8�2� �y�e�a�r� �c�l�a�s�s� �i�n�c�l�u�d�e�s� �a�l�l� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �a�g�e� �5� �a�n�d� �o�l�d�e�r� �i�n� 
�t�h�e� �p�o�p�u�l�a�t�i�o�n�.� �S�u�r�v�i�v�a�l� �a�n�d� �t�o�t�a�l� �m�o�r�t�a�l�i�t�y� �b�a�s�e�d� �o�n�l�y� �o�n� �1�9�8�8� �a�n�d� 
�1�9�8�9� �c�a�t�c�h� �p�e�r� �u�n�i�t� �e�f�f�o�r�t�.



�6�9� 

�S�=� �-�-�-�-�-�-�-�-�-�-� �(�6�)� 

�w�h�e�r�e�:� �C�/�f�,�,�,�=�c�a�t�c�h� �p�e�r� �u�n�i�t� �e�f�f�o�r�t� �o�f� �a�g�e� �t�+�l� 
�f�i�s�h�,� �a�n�d� 

�C�/�f�,�=�c�a�t�c�h� �p�e�r� �u�n�i�t� �e�f�f�o�r�t� �o�f� �a�g�e� �t� �f�i�s�h�.� 

�T�o�t�a�l� �i�n�s�t�a�n�t�a�n�e�o�u�s� �m�o�r�t�a�l�i�t�y� �[�Z�]� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �a�s� �t�h�e� 

�n�e�g�a�t�i�v�e� �n�a�t�u�r�a�l� �l�o�g� �o�f� �s�u�r�v�i�v�a�l� �[�S�]�.� �A� �m�a�x�i�m�u�m� �a�g�e� �o�f� �1�3� �w�a�s� 

�a�s�s�u�m�e�d� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �b�e�c�a�u�s�e� �t�h�i�s� �w�a�s� �t�h�e� �o�l�d�e�s�t� �f�i�s�h� 

�c�a�u�g�h�t� �b�y� �s�a�m�p�l�i�n�g� �o�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �(�G�a�r�m�a�n� �e�t� �a�l�.� �1�9�9�1�)�.� 

�T�h�e� �p�r�o�b�a�b�i�l�i�t�y� �t�h�a�t� �a� �f�i�s�h� �o�f� �a�g�e� �i� �w�o�u�l�d� �d�i�e� �a�f�t�e�r� 

�b�e�i�n�g� �c�a�u�g�h�t� �a�n�d� �r�e�l�e�a�s�e�d� �[�h�m�,�]� �w�a�s� �a�s�s�u�m�e�d� �t�o� �b�e� �0�.�2� �f�o�r� �a�l�l� 

�a�g�e�s�.� �T�h�i�s� �v�a�l�u�e� �i�s� �a�n� �a�v�e�r�a�g�e� �o�f� �l�i�t�e�r�a�t�u�r�e� �e�s�t�i�m�a�t�e�s� �f�o�r� 

�b�l�a�c�k�b�a�s�s� �f�i�s�h�e�r�i�e�s� �[�2�0�%�;� �C�l�a�r�k� �(�1�9�8�3�)�:� �1�1�%� �a�n�d� �0�%� �f�o�r� �f�i�s�h� 

�h�o�o�k�e�d� �o�n� �m�i�n�n�o�w�s� �a�n�d� �s�p�i�n�n�e�r�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�;� �C�l�a�p�p� �a�n�d� �C�l�a�r�k� 

�(�1�9�8�9�)�:� �a�n�d� �5�6�%� �f�o�r� �b�a�s�s� �h�o�o�k�e�d� �i�n� �t�h�e� �e�s�o�p�h�a�g�u�s�;� �P�e�l�z�m�a�n� 

�(�1�9�7�8�)� �]�.� 

�T�h�e� �p�o�t�e�n�t�i�a�l� �f�i�s�h�i�n�g� �m�o�r�t�a�l�i�t�y� �[�F ��;� �j�]� �r�e�p�r�e�s�e�n�t�s� �a�n� 

�i�n�s�t�a�n�t�a�n�e�o�u�s� �c�a�t�c�h� �r�a�t�e�,� �a�n�d� �w�a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �e�s�t�i�m�a�t�e�d� 

�c�a�t�c�h�,� �p�o�p�u�l�a�t�i�o�n� �d�e�n�s�i�t�y�,� �a�n�d� �a�n�g�l�i�n�g� �e�f�f�o�r�t� �(�T�a�b�l�e� �9�)�.� 

�C�a�t�c�h�a�b�i�l�i�t�y� �w�a�s� �e�s�t�i�m�a�t�e�d� �b�a�s�e�d� �o�n� �t�h�e� �e�q�u�a�t�i�o�n�:� 

�C�a�t�c�h�,�/�h�a� 

�G�p�q� �T�a�t�r�a� �(�7�)� 
�N�,�/�h�a�*�f�/�h�a� 

�w�h�e�r�e�:� �N�.�=�d�e�n�s�i�t�y� �f�o�r� �a�g�e� �i�,� 
�f�=�a�n�g�l�i�n�g� �e�f�f�o�r�t� �i�n� �h�o�u�r�s�,� �a�n�d� 
�C�a�t�c�h�,�=�c�a�t�c�h� �a�t� �a�g�e� �i�.� 

�T�h�e� �c�a�t�c�h�a�b�i�l�i�t�y� �c�o�e�f�f�i�c�i�e�n�t� �w�a�s� �m�u�l�t�i�p�l�i�e�d� �b�y� �a�n�g�l�e�r� �e�f�f�o�r�t



�7�0� 

� � 

�T�a�b�l�e� �9�.� �D�e�n�s�i�t�y�/�h�a�,� �c�a�t�c�h�/�h�a�,� �h�a�r�v�e�s�t�/�h�a�,� �F�;� �,�,� �a�n�d� �F�r�e�y� 
�f�o�r� �a�g�e� �1�+� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �i�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� 
�(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�,� �G�a�r�m�a�n� �e�t� �a�l�.� �1�9�9�1�)�.� �S�a�m�p�l�e� 
�s�i�z�e� �f�o�r� �b�o�t�h� �d�e�n�s�i�t�y� �a�n�d� �c�a�t�c�h� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �a�s� 
�t�h�e� �n�u�m�b�e�r� �o�f� �p�r�i�m�a� �c�o�r�d� �s�a�m�p�l�e�s� �a�n�d� �c�o�m�p�l�e�t�e� �t�r�i�p� 
�a�n�g�l�e�r� �i�n�t�e�r�v�i�e�w�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �S�e�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� 
�i�n� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� �1� �-� �I�r�o�n� 
�G�a�t�e� �t�o� �S�n�o�w�d�e�n� �D�a�m� �a�n�d� �2� �-� �M�o�n�o�c�a�n� �P�a�r�k� �t�o� �B�e�n�t� 
�C�r�e�e�k�.� �S�e�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� 
�w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� �3� �-� �N�o�r�w�o�o�d� �t�o� �B�r�e�m�o� �B�l�i�u�f�f�,� �4� �-� 
�C�o�l�u�m�b�i�a� �t�o� �W�a�t�k�i�n�s� �L�a�n�d�i�n�g�,� �a�n�d� �5� �-� �B�o�s�h�e�r�s� �D�a�m� �t�o� 
�I�-�9�5� �B�r�i�d�g�e� �(�R�i�c�h�m�o�n�d� �C�i�t�y�)�.� 

�S�i�z�e� �S�i�z�e� �S�i�z�e� 
�S�e�c�t�i�o�n� �<�1�1�"� �1�1�-�1�4�"� �>�1�4�"� 

�u�p�p�e�r� �J�a�m�e�s� �R�.� 

�d�e�n�s�i�t�y�/�h�a� �1�0�0�.�3� �4�.�2� �1�.�1� �=�7� 

�c�a�t�c�h�/�h�a� �5�5�.�3� �9�.�4� �2�.�1� �N�=�1�3�8� 

�h�a�r�v�e�s�t�/�h�a� �3�.�3� �0�.�6�5� �0�.�4�6� �N�=�1�3�8� 

�F�i�.� �0�.�0�3� �0�.�1�5� �0�.�4�2� 
 ��q�'� �0�.�0�0�0�6�1�8�4� �0�.�0�0�2�9�0�9� �0�.�0�0�7�8�6�0�5� 

�F�r�i�d� �0�.�5�5� �2�.�2�4� �1�.�9�1� 
�q� �0�.�0�1�0�3�6�3�6� �0�.�0�4�2�0�6�9�4� �0�.�0�3�5�8�8�5�1� 

�l�o�w�e�r� �J�a�m�e�s� �R�.� 

�d�e�n�s�i�t�y�/�h�a� �3�5�.�4� �1�.�9� �0�.�3�8� �N�=�8� 

�c�a�t�c�h�/�h�a� �2�6�.�8� �1�2�.�6� �3�.�1� �N�=�3�5�6� 

�h�a�r�v�e�s�t�/�h�a� �1�.�4� �0�.�1�7� �0�.�9�5� �N�=�3�5�6� 

�F�i�.� �0�.�0�4� �0�.�0�9� �2�.�5�0� 
 ��q�'� �0�.�0�0�0�5�9�9�2� �0�.�0�0�1�3�5�5�6� �0�.�0�3�7�8�7�8�7� 

�F�'�s� �0�.�7�6� �6�.�6�4� �8�.�1�6� 
�i� �0�.�0�1�1�4�7�0�6� �0�.�1�0�0�4�7�8�4� �0�.�1�2�3�6�0�4�4� 

� 



�7�1� 

�[�q�,�*�f�]� �t�o� �g�e�t� �t�h�e� �i�n�s�t�a�n�t�a�n�e�o�u�s� �c�a�t�c�h� �r�a�t�e� �(�R�i�c�k�e�r� �1�9�7�5�)�.� 

�T�h�e� �a�d�j�u�s�t�e�d� �f�i�s�h�i�n�g� �m�o�r�t�a�l�i�t�y� �(�F�;� �;�]� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �a�s� 

�h�a�r�v�e�s�t�/�d�e�n�s�i�t�y� �(�T�a�b�l�e� �9�)�.� �I� �a�s�s�u�m�e�d� �t�h�a�t� �c�a�t�c�h�a�b�i�l�i�t�y� �f�o�r� �a�n� 

�a�g�e� �c�l�a�s�s� �d�i�d� �n�o�t� �v�a�r�y� �w�i�t�h�i�n� �s�i�z�e� �g�r�o�u�p�s�,� �a�n�d� �t�h�a�t� �f�i�s�h� �d�o� 

�n�o�t� �a�l�t�e�r� �t�h�e�i�r� �b�e�h�a�v�i�o�r� �i�n� �r�e�s�p�o�n�s�e� �t�o� �a�n�g�l�i�n�g�.� �T�h�e� �s�i�z�e�-� 

�s�p�e�c�i�f�i�c� �a�d�j�u�s�t�e�d� �f�i�s�h�i�n�g� �m�o�r�t�a�l�i�t�y� �(�T�a�b�l�e� �9�)� �a�n�d� �a�n� �e�s�t�i�m�a�t�e� 

�o�f� �h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �w�e�r�e� �s�u�b�t�r�a�c�t�e�d� �f�r�o�m� �a� �m�e�a�n� �e�s�t�i�m�a�t�e� �o�f� 

�t�o�t�a�l� �m�o�r�t�a�l�i�t�y� �f�r�o�m� �T�a�b�l�e� �8� �t�o� �d�e�r�i�v�e� �t�h�e� �a�g�e�-�s�p�e�c�i�f�i�c� 

�n�a�t�u�r�a�l� �m�o�r�t�a�l�i�t�y� �i�n� �T�a�b�l�e� �1�0�.� �T�h�e� �a�g�e�-�s�p�e�c�i�f�i�c� �e�s�t�i�m�a�t�e�s� �o�f� 

�h�o�o�k�i�n�g� �m�o�r�t�a�l�i�t�y� �u�s�e�d� �w�e�r�e� �d�e�r�i�v�e�d� �b�y� �f�i�t�t�i�n�g� �a� �c�u�r�v�e� �t�o� �t�h�e� 

�e�s�t�i�m�a�t�e�s� �o�b�t�a�i�n�e�d� �b�y� �a�p�p�l�y�i�n�g� �e�q�u�a�t�i�o�n� �2� �i�n� �C�h�a�p�t�e�r� �1� �t�o� �t�h�e� 

�J�a�m�e�s� �R�i�v�e�r� �d�a�t�a� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �c�h�a�p�t�e�r�.� �T�h�e� �a�d�j�u�s�t�e�d� 

�f�i�s�h�i�n�g� �m�o�r�t�a�l�i�t�y� �[�F�,� �j�]� �a�n�d� �t�h�e� �c�a�t�c�h� �r�a�t�e� �[�F ��;� �;�]� �w�e�r�e� 

�e�s�t�i�m�a�t�e�d� �f�o�r� �t�h�r�e�e� �s�i�z�e� �g�r�o�u�p�s� �(�<�1�1� �i�n�c�h�e�s�,� �1�1�-�1�4� �i�n�c�h�e�s�,� �a�n�d� 

�>�1�4� �i�n�c�h�e�s�;� �T�a�b�l�e� �9�)� �a�n�d� �a� �c�u�r�v�e� �f�i�t� �t�o� �t�h�e� �e�s�t�i�m�a�t�e�s� �t�o� �y�i�e�l�d� 

�a�g�e�-�s�p�e�c�i�f�i�c� �r�a�t�e�s� �u�s�e�d� �a�s� �m�o�d�e�l� �i�n�p�u�t� �(�F ��;� �j�i� �T�a�b�l�e� �1�0�)�.� �F�o�r� 

�t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �t�h�e� �f�i�s�h�i�n�g� �m�o�r�t�a�l�i�t�y� �e�s�t�i�m�a�t�e� �w�a�s� 

�g�r�e�a�t�e�r� �t�h�a�n� �t�o�t�a�l� �m�o�r�t�a�l�i�t�y� �f�o�r� �f�i�s�h� �l�a�r�g�e�r� �t�h�a�n� �1�4� �i�n�c�h�e�s�;� 

�t�h�e�r�e�f�o�r�e�,� �a�s� �a�n� �a�r�b�i�t�r�a�r�y� �c�h�o�i�c�e�,� �I� �a�s�s�u�m�e�d� �m�i�n�i�m�a�l� �n�a�t�u�r�a�l� 

�m�o�r�t�a�l�i�t�y� �(�M�)� �w�a�s� �0�.�0�5� �f�o�r� �a�g�e� �g�r�o�u�p�s� �5� �a�n�d� �o�l�d�e�r�.� 

�P�a�r�a�m�e�t�e�r�s� �o�f� �t�h�e� �f�i�r�s�t�-�y�e�a�r� �s�u�r�v�i�v�a�l� �f�u�n�c�t�i�o�n� �(�e�q�u�a�t�i�o�n� 

�3�)� �w�e�r�e� �f�i�t� �b�a�s�e�d� �o�n� �a�g�e�-�1� �d�a�t�a� �(�T�a�b�l�e� �1�1�)� �f�r�o�m� �t�h�e� �J�a�m�e�s� 

�R�i�v�e�r� �(�G�a�r�m�a�n� �e�t� �a�l�.� �1�9�9�1�)�.� �I� �a�s�s�u�m�e�d� �c�o�n�s�t�a�n�t� �r�e�c�r�u�i�t�m�e�n�t� �t�o� 

�a�g�e�-�1� �a�n�d� �t�h�a�t� �t�h�e� �a�g�e�-�1� �n�u�m�b�e�r�s� �r�e�p�o�r�t�e�d� �b�y� �G�a�r�m�a�n� �e�t� �a�l�.� 

�(�1�9�9�1�)� �w�e�r�e� �m�a�x�i�m�u�m� �l�e�v�e�l�s�.� �A�l�l� �C�h�a�p�t�e�r� �2� �s�i�m�u�l�a�t�i�o�n�s� �w�e�r�e



�7�2� 

�T�a�b�l�e� �1�0�.� �M�o�r�t�a�l�i�t�y� �p�a�r�a�m�e�t�e�r� �i�n�p�u�t�s� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �i�n� 
�t�h�e� �J�a�m�e�s� �R�i�v�e�r�,� �V�i�r�g�i�n�i�a� �(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�,� 
�G�a�r�m�a�n� �e�t� �a�l�.� �1�9�9�1�)�.� �S�e�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �u�p�p�e�r� 
�J�a�m�e�s� �R�i�v�e�r� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� �1� �-� �I�r�o�n� �G�a�t�e� �t�o� 
�S�n�o�w�d�e�n� �D�a�m� �a�n�d� �2� �-� �M�o�n�o�c�a�n� �P�a�r�k� �t�o� �B�e�n�t� �C�r�e�e�k�.� 
�S�e�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �w�e�r�e� �a�s� 
�f�o�l�l�o�w�s�:� �3� �~�-� �N�o�r�w�o�o�d� �t�o� �B�r�e�m�o� �B�l�u�f�f�,� �4� �-� �C�o�l�u�m�b�i�a� 
�t�o� �W�a�t�k�i�n�s� �L�a�n�d�i�n�g�,� �a�n�d� �5� �-� �B�o�s�h�e�r�s� �D�a�m� �t�o� �I�-�9�5� 
�B�r�i�d�g�e� �(�R�i�c�h�m�o�n�d� �C�i�t�y�)�.� 

� � 

� � 

�F�i�s�h�i�n�g� �M�o�r�t�.� �N�a�t�u�r�a�l� �M�o�r�t�.� �H�o�o�k�i�n�g� �M�o�r�t�.� 
�(�F ��;�)� �(�M�;�)� �(�h�m�;�)� 

�A�g�e� �u�p�p�e�r� �l�o�w�e�r� �u�p�p�e�r� �l�o�w�e�r� 

�1� �0�.�1�0� �0�.�3�8� �0�.�4�2� �0�.�3�9� �0�.�2�0� 
�2� �1�.�3�0� �1�.�1�0� �0�.�8�5� �0�.�7�2� �0�.�2�0� 
�3� �1�.�8�0� �4�.�0�0� �0�.�7�6� �0�.�2�8� �0�.�2�0� 
�4� �2�.�3�0� �6�.�6�4� �0�.�3�2� �0�.�1�2� �0�.�2�0� 
�5� �2�.�5�0� �7�.�5�0� �0�.�2�9� �0�.�0�5� �0�.�2�0� 
�6� �2�.�6�0� �8�.�0�0� �0�.�2�2� �0�.�0�5� �0�.�2�0� 
�7� �2�.�7�0� �8�.�0�5� �0�.�1�4� �0�.�0�5� �0�.�2�0� 
�8� �2�.�7�0� �8�.�1�0� �0�.�1�2� �0�.�0�5� �0�.�2�0� 
�9� �2�.�7�0� �8�.�2�0� �0�.�1�2� �0�.�0�5� �0�.�2�0� 
�1�0� �2�.�7�0� �8�.�2�0� �0�.�1�2� �0�.�0�5� �0�.�2�0� 
�1�1� �2�.�7�0� �8�.�2�0� �0�.�1�2� �0�.�0�5� �0�.�2�0� 
�1�2� �2�.�7�0� �8�.�2�0� �0�.�1�2� �0�.�0�5� �0�.�2�0� 
�1�3� �2�.�7�0� �8�.�2�0� �0�.�1�2� �0�.�0�5� �0�.�2�0� 
�1�4� �4�.�5�0� �1�0�.�0� �1�.�0�0� �1�.�0�0� �0�.�2�0� 
�1�5� �4�.�5�0� �1�0�.�0� �1�.�0�0� �1�.�0�0� �0�.�2�0� 
�1�6� �4�.�5�0� �1�0�.�0� �1�.�0�0� �1�.�0�0� �0�.�2�0� 
�1�7� �4�.�5�0� �1�0�.�0� �1�.�0�0� �1�.�0�0� �0�.�2�0� 
�1�8� �4�.�5�0� �1�0�.�0� �1�.�0�0� �1�.�0�0� �0�.�2�0� 
�1�9� �4�.�5�0� �1�0�.�0� �1�.�0�0� �1�.�0�0� �0�.�2�0� 
�2�0� �4�.�5�0� �1�0�.�0� �1�.�0�0� �1�.�0�0� �0�.�2�0� 

� 



�7�3� 

�T�a�b�l�e� �1�1�.� �P�o�p�u�l�a�t�i�o�n� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �i�n� �t�h�e� 
�J�a�m�e�s� �R�i�v�e�r�,� �V�i�r�g�i�n�i�a� �(�G�a�r�m�a�n� �e�t� �a�l�.� �1�9�9�1�)� �u�s�e�d� �a�s� 
�m�o�d�e�l� �i�n�p�u�t�s�.� �S�e�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� 
�R�i�v�e�r� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� �1� �-� �I�r�o�n� �G�a�t�e� �t�o� �S�n�o�w�d�e�n� �D�a�m� 
�a�n�d� �2� �-� �M�o�n�o�c�a�n� �P�a�r�k� �t�o� �B�e�n�t� �C�r�e�e�k�.� �S�e�c�t�i�o�n�s� 
�i�n�c�l�u�d�e�d� �i�n� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� 
�3� �-� �N�o�r�w�o�o�d� �t�o� �B�r�e�m�o� �B�l�u�f�f�,� �4� �-� �C�o�l�u�m�b�i�a� �t�o� �W�a�t�k�i�n�s� 
�L�a�n�d�i�n�g�,� �a�n�d� �5� �-� �B�o�s�h�e�r�s� �D�a�m� �t�o� �I�-�9�5� �B�r�i�d�g�e� 
�(�R�i�c�h�m�o�n�d� �C�i�t�y�)�.� 

� � 

� � 

�M�e�a�n� �T�o�t�a�l� 
�N�u�m�b�e�r �� �L�e�n�g�t�h� �(�m�m�)� �S�D� �L�e�n�g�t�h� 

�A�g�e� �u�p�p�e�r� �l�o�w�e�r� �u�p�p�e�r� �l�o�w�e�r� �u�p�p�e�r� �l�o�w�e�r� 

�0� �1�5�8�,�6�0�6� �4�8�3�,�3�3�4� �5� �5� �1� �1� 
�1� �1�0�6�,�4�4�3� �6�4�,�0�7�5� �1�0�2� �1�1�3� �1�8� �1�8� 
�2� �6�3�,�3�3�1� �2�8�,�0�2�5� �1�7�3� �1�9�7� �2�4� �2�5� 
�3� �1�6�,�5�6�5� �1�0�,�0�1�3� �2�2�2� �2�6�3� �2�7� �3�3� 
�4� �8�,�0�4�7� �6�,�0�0�9� �3�0�1� �3�1�2� �3�0� �4�0� 
�5� �3�,�3�4�0� �2�,�0�0�3� �3�1�2� �3�3�1� �3�3� �5�6� 
�6� �1�,�4�3�6� �4�0�1� �3�2�2� �3�7�8� �4�5� �5�6� 
�7� �6�1�7� �8�0� �3�9�9� �4�7�8� �4�5� �5�6� 
�8� �2�6�5� �1�6� �4�2�7� �5�3�1� �4�5� �5�6� 
�9� �1�1�4� �8� �4�5�9� �5�5�0� �4�5� �5�6� 
�1�0� �4�9� �4� �5�1�4� �5�5�5� �4�5� �5�6� 
�1�1� �2�1� �2� �5�4�5� �5�6�0� �4�5� �5�6� 
�1�2� �9� �1� �5�6�0� �5�6�5� �4�5� �5�6� 
�1�3� �4� �0� �5�8�6� �5�7�0� �4�5� �5�6� 
�1�4� �2� �0� �5�9�5� �5�7�5� �4�5� �5�6� 
�1�5� �1� �0� �5�9�6� �5�8�0� �4�5� �5�6� 
�1�6� �0� �0� �5�9�7� �5�8�5� �4�5� �5�6� 
�1�7� �0� �0� �5�9�8� �5�9�0� �4�5� �5�6� 
�1�8� �0� �0� �5�9�9� �5�9�5� �4�5� �5�6� 
�1�9� �0� �0� �6�0�0� �5�9�7� �4�5� �5�6� 
�2�0� �0� �0� �6�0�0� �6�0�0� �4�5� �5�6� 
� � 

 �� �N�u�m�b�e�r� �i�n� �s�t�u�d�y� �s�e�c�t�i�o�n� �(�u�p�p�e�r� �-� �1�,�6�9�4� �h�e�c�t�a�r�e�s�)� 
�(�l�o�w�e�r� �-� �2�,�9�7�8� �h�e�c�t�a�r�e�s�)� 

�L�e�n�g�t�h�-�W�e�i�g�h�t� �R�e�g�r�e�s�s�i�o�n� �p�a�r�a�m�e�t�e�r�s� �u�s�e�d� �i�n� �e�q�u�a�t�i�o�n�s� �2�1� �a�n�d� 
�2�2� �i�n� �T�a�b�l�e� �2� �-� 

�L�i�n�e�a�r� �C�o�e�f�f�i�c�i�e�n�t� �0�.�0�0�0�0�1�6�2� 
�E�x�p�o�n�e�n�t�i�a�l� �C�o�e�f�f�i�c�i�e�n�t� �2�.�9�6



�7�4� 

�d�o�n�e� �b�y� �a�s�s�u�m�i�n�g� �a� �c�o�n�s�t�a�n�t� �r�e�c�r�u�i�t�m�e�n�t� �o�f� �1�0�6�,�4�4�3� �a�g�e�-�1� �f�i�s�h� 

�i�n� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r� �a�n�d� �6�4�,�0�7�5� �a�g�e�-�1� �f�i�s�h� �i�n� �t�h�e� �l�o�w�e�r� 

�J�a�m�e�s� �R�i�v�e�r�.� 

�P�o�p�u�l�a�t�i�o�n� �p�a�r�a�m�e�t�e�r�s� �s�p�e�c�i�f�i�c� �t�o� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� 

�p�o�p�u�l�a�t�i�o�n� �(�T�a�b�l�e� �1�1�)� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �G�a�r�m�a�n� �e�t� �a�l�.� �(�1�9�9�1�)�.� 

�T�h�e�s�e� �i�n�c�l�u�d�e�d� �m�e�a�n� �a�n�d� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �o�f� �l�e�n�g�t�h� �a�t� �a�g�e�,� 

�a�n�d� �c�o�e�f�f�i�c�i�e�n�t�s� �o�f� �t�h�e� �l�e�n�g�t�h�-�w�e�i�g�h�t� �r�e�g�r�e�s�s�i�o�n�.� �N�u�m�b�e�r� �a�t� 

�a�g�e� �w�a�s� �e�s�t�i�m�a�t�e�d� �f�r�o�m� �a�g�e� �s�p�e�c�i�f�i�c� �d�e�n�s�i�t�y� �a�n�d� �s�a�m�p�l�e� �s�i�z�e�.� 

�C�r�e�e�l� �s�u�r�v�e�y� �i�n�f�o�r�m�a�t�i�o�n� �u�s�e�d� �i�n� �t�h�i�s� �m�o�d�e�l� �w�a�s� �o�b�t�a�i�n�e�d� 

�f�r�o�m� �a� �r�e�c�r�e�a�t�i�o�n�a�l� �u�s�e� �s�u�r�v�e�y� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �i�n� 

�1�9�8�8� �a�n�d� �1�9�8�9� �(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�,� �S�t�a�n�o�v�i�c�k� �e�t� �a�l�.� �1�9�9�1�,� 

�K�o�k�e�l� �1�9�9�1�)�.� �A� �d�e�t�a�i�l�e�d� �d�i�s�c�u�s�s�i�o�n� �o�f� �t�h�e� �s�a�m�p�l�i�n�g� �p�r�o�c�e�d�u�r�e�s� 

�c�a�n� �b�e� �f�o�u�n�d� �i�n� �A�p�p�e�n�d�i�x� �B�.� �A�n�g�l�i�n�g� �e�f�f�o�r�t�,� �c�a�t�c�h� �r�a�t�e�,� �a�n�d� 

�h�a�r�v�e�s�t� �r�a�t�e� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �t�h�e� 

�f�r�a�c�t�i�o�n� �o�f� �a�n�g�l�e�r�s� �w�h�o� �e�i�t�h�e�r� �t�a�r�g�e�t�e�d� �s�m�a�l�l�m�o�u�t�h� �o�r� �w�h�o� �h�a�d� 

�c�a�u�g�h�t� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �w�h�i�l�e� �f�i�s�h�i�n�g� �f�o�r� �o�t�h�e�r� �s�p�e�c�i�e�s�.� �T�h�i�s� 

�w�a�s� �d�o�n�e� �t�o� �l�i�m�i�t� �t�h�e� �a�m�o�u�n�t� �o�f� �b�i�a�s� �(�o�v�e�r�-�e�s�t�i�m�a�t�i�n�g� �t�h�e� 

�n�u�m�b�e�r� �o�f� �a�n�g�l�e�r�s� �w�h�o� �h�a�r�v�e�s�t�e�d� �n�o� �f�i�s�h�)� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�a�c�h� 

�o�f� �t�h�e� �e�s�t�i�m�a�t�e�s�.� �S�i�m�i�l�a�r�l�y�,� �t�h�e� �n�u�m�b�e�r� �o�f� �a�n�g�l�e�r�s� �h�a�r�v�e�s�t�i�n�g� 

�z�e�r�o� �f�i�s�h�/�d�a�y� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �d�i�v�i�d�i�n�g� �a�n�g�l�e�r� �i�n�t�e�r�v�i�e�w�s� 

�i�n�t�o� �t�w�o� �c�a�t�e�g�o�r�i�e�s�;� �t�h�o�s�e� �w�h�e�r�e� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �w�e�r�e� �t�a�r�g�e�t�e�d� 

�o�r� �c�a�u�g�h�t�,� �a�n�d� �t�h�o�s�e� �w�h�e�r�e� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �w�e�r�e� �n�o�t� �t�a�r�g�e�t�e�d�.� 

�F�o�r� �t�h�o�s�e� �i�n�t�e�r�v�i�e�w�s� �w�h�e�r�e� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �w�e�r�e� �t�a�r�g�e�t�e�d� �o�r� 

�c�a�u�g�h�t�,� �h�a�r�v�e�s�t� �p�e�r� �a�n�g�l�e�r�-�d�a�y� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �(�T�a�b�l�e�s� �1�2� �a�n�d� 

�1�3�)�.� �H�a�r�v�e�s�t� �d�a�t�a� �w�e�r�e� �i�n� �t�h�e� �f�o�r�m� �o�f� �h�a�r�v�e�s�t�/�a�n�g�l�e�r� �p�a�r�t�y�;



�7�5� 

� � 

� � 

� � 

� � 

� � 

� � 

� � 

�T�a�b�l�e� �1�2�.� �H�a�r�v�e�s�t� �p�e�r� �a�n�g�l�e�r�-�d�a�y� �(�p�e�r�c�e�n�t� �h�a�r�v�e�s�t� �s�h�o�w�n� �i�n� �p�a�r�e�n�t�h�e�s�i�s�)� �a�n�d� �p�r�e�d�i�c�t�e�d� �h�a�r�v�e�s�t� 
�r�e�d�u�c�t�i�o�n�s� �d�u�e� �t�o� �c�r�e�e�l� �L�i�m�i�t� �r�e�d�u�c�t�i�o�n� �(�s�h�o�w�n� �a�s� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �h�a�r�v�e�s�t� �r�e�m�a�i�n�i�n�g�)�,� 
�b�a�s�e�d� �o�n� �d�a�t�a� �(�c�o�m�p�l�e�t�e�d� �t�r�i�p� �i�n�t�e�r�v�i�e�w�s�)� �f�r�o�m� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �V�i�r�g�i�n�i�a� �(�C�r�e�a�m�e�r� 
�a�n�d� �O�r�t�h� �1�9�9�1�)�.� �S�e�c�t�i�o�n�s� �a�r�e� �a�s� �f�o�l�l�o�w�s�:� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r�;� �1� �-�I�r�o�n� �g�a�t�e� �t�o� �S�n�o�w�d�e�n� 
�D�a�m� �a�n�d� �2� �-� �M�o�n�o�c�a�n� �P�a�r�k� �t�o� �B�e�n�t� �C�r�e�e�k�.� 

�H�a�r�v�e�s�t� �p�e�r� �A�n�g�l�e�r�-�d�a�y� 
�S�e�c�t�i�o�n� �0� �1� �2� �3� �4� �5� 

�1� �1�8�3� �2�0� �3� �3� �2� �1� 

�2� �4�?� �6� �1� �1� �0� �0� 

�T�o�t�a�l� �2�3�0� �2�6� �4� �4� �2� �1� 
�(�0�.�8�6�1�)� �(�0�.�0�9�7�)� �(�0�.�0�1�5�)� �(�0�.�0�1�5�)� �(�0�.�0�0�7�)� �(�0�.�0�0�4�)� 

�H�A�R�V�E�S�T� �R�E�D�U�C�T�I�O�N�S� 

�N�e�w� �C�r�e�e�l� �L�i�m�i�t� 
�S�e�c�t�i�o�n� �0� �1� �2� �3� �4� �5� 

�1� �1�.�0�0�0� �0�.�3�8�0� �0�.�1�9�6� �0�.�0�7�6� �0�.�0�2�2� �0�.�0�0�0� 

�2� �1�.�0�0�0� �0�.�1�8�7� �0�.�0�6�2� �0�.�0�0�0� �0�.�0�0�0� �0�.�0�0�0� 

�W�e�i�g�h�t�e�d� 
�M�e�a�n� �1�.�0�0�0� �0�.�3�5�2� �0�.�1�7�6� �0�.�0�6�5� �0�.�0�1�9� �0�.�0�0�0� 

�P�r�o�p�o�r�t�i�o�n� 
�r�e�m�a�i�n�i�n�g� 

�0�.�0�0�0� �0�.�6�4�8� �0�.�8�2�4� �0�.�9�3�5� �0�.�9�8�1� �1�.�0�0�0� 
� 
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�T�a�b�l�e� �1�3�.� �H�a�r�v�e�s�t� �p�e�r� �a�n�g�l�e�r�-�d�a�y� �(�p�e�r�c�e�n�t� �h�a�r�v�e�s�t� �s�h�o�w�n� �i�n� �p�a�r�e�n�t�h�e�s�i�s�)� �a�n�d� �p�r�e�d�i�c�t�e�d� �h�a�r�v�e�s�t� 
�r�e�d�u�c�t�i�o�n�s� �d�u�e� �t�o� �c�r�e�e�l� �L�i�m�i�t� �r�e�d�u�c�t�i�o�n� �(�s�h�o�w�n� �a�s� �t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �h�a�r�v�e�s�t� �r�e�m�a�i�n�i�n�g�)�,� 
�b�a�s�e�d� �o�n� �d�a�t�a� �(�c�o�m�p�l�e�t�e�d� �t�r�i�p� �i�n�t�e�r�v�i�e�w�s�)� �f�r�o�m� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �V�i�r�g�i�n�i�a� �(�C�r�e�a�m�e�r� 
�a�n�d� �O�r�t�h� �1�9�9�1�)�.� �S�e�c�t�i�o�n�s� �a�r�e� �a�s� �f�o�l�l�o�w�s�:� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�;� �3� �-� �N�o�r�w�o�o�d� �t�o� �B�r�e�m�o� 
�B�l�u�f�f�,� �4� �-� �C�o�l�u�m�b�i�a� �t�o� �W�a�t�k�i�n�s� �l�a�n�d�i�n�g�,� �a�n�d� �5� �-� �B�o�s�h�e�r ��s� �D�a�m� �t�o� �1�-�9�5� �B�r�i�d�g�e� �(�R�i�c�h�m�o�n�d� 
�C�i�t�y�)�.� 

�H�a�r�v�e�s�t� �p�e�r� �A�n�g�l�e�r�-�d�a�y� 
�S�e�c�t�i�o�n� �0� �1� �2� �3� �4� �5� 

�3� �1�5�0� �1�8� �4� �3� �1� �1� 

�4� �2�2�1� �2�2� �2� �1� �0� �0� 

�5� �6�2� �2� �0� �0� �i�)� �0� 

�T�o�t�a�l� �4�3�3� �4�2� �6� �4� �1� �1� 
�(�0�.�8�8�9�)� �(�0�.�0�8�6�)� �(�0�.�0�1�2� �(�0�.�0�0�8�)� �(�0�.�0�0�2�)� �(�0�.�0�0�2�)� 

�H�A�R�V�E�S�T� �R�E�D�U�C�T�I�O�N�S� 

�N�e�w� �C�r�e�e�l� �L�i�m�i�t� 
�S�e�c�t�i�o�n� �0� �|� �2� �3� �4� �5� 

�3� �1�.�0�0�0� �0�.�3�3�3� �0�.�1�3�3� �0�.�0�4�0� �0�.�0�1�3� �0�.�0�0�0� 

�4� �1�.�0�0�0� �0�.�1�3�8� �0�.�0�3�4� �0�.�0�0�0� �0�.�0�0�0� �0�.�0�0�0� 

�5� �1�.�0�0�0� �0�.�0�0�0� �0�.�0�0�0� �0�.�0�0�0� �0�.�0�0�0� �0�.�0�0�0� 

�W�e�i�g�h�t�e�d� 
�M�e�a�n� �1�.�0�0�0� �0�.�2�4�1� �0�.�0�8�8� �0�.�0�2�2� �0�.�0�0�7� �0�.�0�0�0� 

�P�r�o�p�o�r�t�i�o�n� 
�r�e�m�a�i�n�i�n�g� 

�0�.�0�0�0� �0�.�7�5�9� �0�.�9�1�2� �0�.�9�7�8� �0�.�9�9�3� �1�.�0�0�0� 
� 
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�i�n�i�t�i�a�l� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �d�i�v�i�d�e�d� �b�y� �p�a�r�t�y� �s�i�z�e� �t�o� �g�i�v�e� 

�h�a�r�v�e�s�t�/�a�n�g�l�e�r�.� �T�h�e�s�e� �a�n�g�l�e�r� �h�a�r�v�e�s�t� �d�i�s�t�r�i�b�u�t�i�o�n�s� �w�e�r�e� 

�t�r�a�n�s�f�o�r�m�e�d� �i�n�t�o� �t�h�e� �p�r�e�d�i�c�t�e�d� �h�a�r�v�e�s�t� �r�e�d�u�c�t�i�o�n�s� �(�T�a�b�l�e�s� �1�2� 

�a�n�d� �1�3�)� �b�y� �u�s�i�n�g� �t�h�e� �c�e�n�s�o�r�i�n�g� �p�r�o�c�e�d�u�r�e� �d�e�s�c�r�i�b�e� �b�y� �W�a�g�n�e�r� 

�(�1�9�9�1�)�.� �B�r�i�e�f�l�y�,� �c�e�n�s�o�r�i�n�g� �i�s� �a�c�h�i�e�v�e�d� �b�y� �t�r�u�n�c�a�t�i�n�g� �t�h�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �n�u�m�b�e�r� �o�f� �f�i�s�h� �h�a�r�v�e�s�t�e�d� �p�e�r� �a�n�g�l�e�r�-�d�a�y�.� 

�T�r�u�n�c�a�t�i�o�n� �i�s� �a�c�h�i�e�v�e�d� �b�y� �t�r�a�n�s�f�e�r�r�i�n�g� �a�l�l� �a�n�g�l�e�r�s� �t�h�a�t�,� �i�f� 

�u�n�r�e�g�u�l�a�t�e�d�,� �w�o�u�l�d� �h�a�v�e� �h�a�r�v�e�s�t�e�d� �b�e�y�o�n�d� �t�h�e� �l�i�m�i�t� �i�n�t�o� �t�h�e� 

�g�r�o�u�p� �t�h�a�t� �h�a�r�v�e�s�t�e�d� �e�x�a�c�t�l�y� �t�h�e� �l�i�m�i�t�.� �S�t�a�t�i�s�t�i�c�a�l� �a�n�a�l�y�s�i�s� 

�o�f� �t�h�e� �c�r�e�e�l� �s�u�r�v�e�y� �d�a�t�a� �w�a�s� �d�o�n�e� �w�i�t�h� �S�A�S� �(�S�A�S� �I�n�s�t�i�t�u�t�e� �I�n�c�.� 

�1�9�8�8�)�.� 

�A�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �[�N�C�]� �w�a�s� �e�s�t�i�m�a�t�e�d� �f�o�r� �c�u�r�r�e�n�t� 

�r�e�g�u�l�a�t�i�o�n�s� �(�K�o�k�e�l� �1�9�9�1�)� �a�s�:� 

�#� �o�f� �a�n�g�l�e�r� �t�r�i�p�s� �w�/� �i�l�l�e�g�a�l� �f�i�s�h� 
�N�C� �=� �-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-� �(�8�)� 

�#� �o�f� �a�n�g�l�e�r� �t�r�i�p�s� �m�e�e�t�i�n�g� �c�r�i�t�e�r�i�a� 

�C�l�a�s�s�i�f�i�c�a�t�i�o�n� �c�r�i�t�e�r�i�a� �m�e�a�n�t� �t�h�a�t� �e�i�t�h�e�r� �o�n�e� �f�i�s�h� �w�a�s� �c�a�u�g�h�t� 

�i�n� �t�h�e� �s�l�o�t� �(�1�1�-�1�4� �i�n�c�h�e�s�)� �o�r� �m�o�r�e� �t�h�a�n� �f�i�v�e� �f�i�s�h� �w�e�r�e� �c�a�u�g�h�t� 

�p�e�r� �a�n�g�l�e�r�-�d�a�y�.� �N�o�n�-�c�o�m�p�l�i�a�n�c�e� �w�a�s� �a�s�s�u�m�e�d� �t�o� �b�e� �c�o�n�s�t�a�n�t� �f�o�r� 

�a�l�l� �r�e�g�u�l�a�t�i�o�n�s� �(�T�a�b�l�e� �1�4�)�;� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �0�.�2�4� �f�o�r� �t�h�e� �u�p�p�e�r� 

�J�a�m�e�s� �R�i�v�e�r� �a�n�d� �0�.�1�0� �f�o�r� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�.� 

�V�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �w�a�s� �e�s�t�i�m�a�t�e�d� �f�o�r� �c�o�m�p�l�y�i�n�g� �a�n�g�l�e�r�s� �a�n�d� 

�n�o�n�-�c�o�m�p�l�y�i�n�g� �a�n�g�l�e�r�s�.� �T�h�e� �c�o�n�d�i�t�i�o�n�a�l� �r�a�t�e� �o�f� �v�o�l�u�n�t�a�r�y� 

�r�e�l�e�a�s�e� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �t�w�o� �l�e�g�a�l� �s�i�z�e� �c�l�a�s�s�e�s�;� �<�1�1� �i�n�c�h�e�s� 

�a�n�d� �>�1�4� �i�n�c�h�e�s� �(�T�a�b�l�e� �1�5�)�.� �V�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �w�a�s� �c�a�l�c�u�l�a�t�e�d� 

�a�s� �t�h�e� �r�a�t�i�o� �o�f� �t�h�e� �n�u�m�b�e�r� �o�f� �a�n�g�l�e�r�s� �w�h�o� �r�e�l�e�a�s�e�d� �l�e�g�a�l�-�s�i�z�e�d
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�T�a�b�l�e� �1�4�.� �E�s�t�i�m�a�t�e�d� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �r�a�t�e�s� �f�o�r� �J�a�m�e�s� 
�R�i�v�e�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�m�a�n�.� �D�a�t�a� �d�e�r�i�v�e�d� �f�r�o�m� 
�a�n� �o�n�-�s�i�t�e� �r�e�c�r�e�a�t�i�o�n�a�l� �u�s�e� �s�u�r�v�e�y� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� 
�J�a�m�e�s� �R�i�v�e�r� �i�n� �1�9�8�8� �a�n�d� �1�9�8�9� �(�K�o�k�e�l� �1�9�9�1�)�.� �A�n�g�l�e�r� 
�n�o�n�-�c�o�m�p�l�i�a�n�c�e� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �1� �m�i�n�u�s �� �t�h�e� 
�c�o�m�p�l�i�a�n�c�e� �r�a�t�e�,� �a�n�d� �i�s� �s�h�o�w�n� �i�n� �p�a�r�e�n�t�h�e�s�i�s�.� 
�S�e�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� �u�n� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r� �w�e�r�e� �a�s� 
�f�o�l�l�o�w�s�:� �1� �-� �I�r�o�n� �G�a�t�e� �t�o� �S�n�o�w�d�e�n� �D�a�m� �a�n�d� �2� �-� 
�M�o�n�o�c�a�n� �P�a�r�k� �t�o� �B�e�n�t� �C�r�e�e�k�.� �S�e�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� �i�n� 
�t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� �3� �-� �N�o�r�w�o�o�d� 
�t�o� �B�r�e�m�o� �B�l�u�f�f�,� �4� �-� �C�o�l�u�m�b�i�a� �t�o� �W�a�t�k�i�n�s� �L�a�n�d�i�n�g�,� �a�n�d� 
�5� �-� �B�o�s�h�e�r�s� �D�a�m� �t�o� �I�-�9�5� �B�r�i�d�g�e� �(�R�i�c�h�m�o�n�d� �C�i�t�y�)�.� 

� � 

�N�u�m�b�e�r� �o�f� �C�o�m�p�l�i�a�n�c�e� �w�i�t�h� 
�S�e�c�t�i�o�n� �a�n�g�l�e�r�s�?� �r�e�g�u�l�a�t�i�o�n�s� �(�%�)� 

�8�B� �T�T� 
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�T�o�t�a�l� �4�8� �7�6�.�3� �(�2�3�.�7�)� 

�3� �4�1� �8�6�.�6� 

�4� �5�9� �8�4�.�7� 

�5� �1�1� �1�0�0�.�0� 

�T�o�t�a�l� �1�1�1� �9�0�.�4� �(�9�.�6�)� 

� � 

�*� �A�n�g�l�e�r�s� �w�h�o� �m�e�e�t� �c�l�a�s�s�i�f�i�c�a�t�i�o�n� �c�r�i�t�e�r�i�a� �(�c�a�u�g�h�t� �1� �f�i�s�h� �i�n� 
�t�h�e� �s�l�o�t� �o�r� �c�a�u�g�h�t� �m�o�r�e� �t�h�a�n� �5� �f�i�s�h�)�.



�7�9� 

� � 

�T�a�b�l�e� �1�5�.� �E�s�t�i�m�a�t�e�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �r�a�t�e�s� �f�o�r� �J�a�m�e�s� �R�i�v�e�r� 
�s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�m�a�n�.� �D�a�t�a� �d�e�r�i�v�e�d� �f�r�o�m� �a�n� 
�o�n�-�s�i�t�e� �r�e�c�r�e�a�t�i�o�n�a�l� �u�s�e� �s�u�r�v�e�y� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� 
�J�a�m�e�s� �R�i�v�e�r� �i�n� �1�9�8�8� �a�n�d� �1�9�8�9� �(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� 
�1�9�9�1�)�.� �V�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �i�s� �s�h�o�w�n� �a�s� �t�h�e� �r�a�t�i�o� �o�f� 
�t�h�e� �n�u�m�b�e�r� �o�f� �a�n�g�l�e�r�s� �r�e�l�e�a�s�i�n�g� �l�e�g�a�l� �f�i�s�h� �w�h�o� �a�l�s�o� 
�c�a�u�g�h�t� �l�e�g�a�l� �f�i�s�h�.� �S�e�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� �u�n� �t�h�e� �u�p�p�e�r� 
�J�a�m�e�s� �R�i�v�e�r� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� �1� �-� �I�r�o�n� �G�a�t�e� �t�o� 
�S�n�o�w�d�e�n� �D�a�m� �a�n�d� �2� �-� �M�o�n�o�c�a�n� �P�a�r�k� �t�o� �B�e�n�t� �C�r�e�e�k�.� 
�S�e�c�t�i�o�n�s� �i�n�c�l�u�d�e�d� �i�n� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �w�e�r�e� �a�s� 
�f�o�l�l�o�w�s�:� �3� �-� �N�o�r�w�o�o�d� �t�o� �B�r�e�m�o� �B�l�u�f�f�,� �4� �-� �C�o�l�u�m�b�i�a� 
�t�o� �W�a�t�k�i�n�s� �L�a�n�d�i�n�g�,� �a�n�d� �5� �-� �B�o�s�h�e�r�s� �D�a�m� �t�o� �I�-�9�5� 
�B�r�i�d�g�e� �(�R�i�c�h�m�o�n�d� �C�i�t�y�)�.� 

�u�p�p�e�r� �J�a�m�e�s� �l�o�w�e�r� �J�a�m�e�s� 
�A�n�g�l�e�r� �t�y�p�e� �<�2�8�0� �m�m� �>�3�5�6� �m�m� �<�2�8�0� �m�m� �>�3�5�6� �m�m� 

�N�o�n�-�c�o�m�p�l�i�e�r� 

�r�e�l�e�a�s�e�d�?� �8� �0� �7� �0� 

�c�a�u�g�h�t� �1�0� �2� �8� �3� 

�r�e�l�e�a�s�i�n�g� 
�f�i�s�h� �8�0�.�0� �0�.�0� �8�7�.�0� �0�.�0� 

�C�o�m�p�l�i�e�r� 

�r�e�l�e�a�s�e�d� �1�3�4� �1�2� �2�3�9� �4�6� 

�c�a�u�g�h�t� �1�3�8� �1�8� �2�4�7� �6�5� 

�r�e�l�e�a�s�i�n�g� 
�f�i�s�h� �9�7�.�0� �6�7�.�0� �9�7�.�0� �7�1�.�0� 

� � 

�*� �N�u�m�b�e�r� �o�f� �n�o�n�-�c�o�m�p�l�y�i�n�g� �a�n�g�l�e�r�s� �w�h�o� �r�e�l�e�a�s�e� �l�e�g�a�l� �f�i�s�h� 
�(�a�n�g�l�e�r�s� �w�h�o� �c�a�u�g�h�t� �m�o�r�e� �t�h�a�n� �1� �f�i�s�h� �i�n� �e�a�c�h� �s�i�z�e� �c�a�t�e�g�o�r�y�)�.� 

�>� �N�u�m�b�e�r� �o�f� �c�o�m�p�l�y�i�n�g� �a�n�g�l�e�r�s� �w�h�o� �r�e�l�e�a�s�e� �l�e�g�a�l� �f�i�s�h� �(�a�n�g�l�e�r�s� 
�w�h�o� �c�a�u�g�h�t� �m�o�r�e� �t�h�a�n� �1� �f�i�s�h� �i�n� �e�a�c�h� �s�i�z�e� �c�a�t�e�g�o�r�y�)�.



�8�0� 

�f�i�s�h� �t�o� �t�h�e� �n�u�m�b�e�r� �o�f� �a�n�g�l�e�r�s� �w�h�o� �c�a�u�g�h�t� �l�e�g�a�l�-�s�i�z�e�d� �f�i�s�h�.� 

�F�o�r� �c�o�m�p�l�y�i�n�g� �a�n�g�l�e�r�s�,� �t�h�e�s�e� �v�a�l�u�e�s� �w�e�r�e� �0�.�9�7� �a�n�d� �0�.�6�7� �f�o�r� �t�h�e� 

�u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �a�n�d� �0�.�9�7� �a�n�d� �0�.�7�1� �f�o�r� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� 

�R�i�v�e�r�.� �F�o�r� �n�o�n�-�c�o�m�p�l�y�i�n�g� �a�n�g�l�e�r�s� �t�h�e�s�e� �v�a�l�u�e�s� �w�e�r�e� �l�o�w�e�r�:� 

�0�.�8�0� �a�n�d� �0�.�0� �f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �a�n�d� �0�.�8�7� �a�n�d� �0�.�0� �f�o�r� 

�t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�.� �B�e�c�a�u�s�e� �r�e�l�e�a�s�e� �r�a�t�e�s� �a�r�e� �l�i�k�e�l�y� �t�o� �b�e� 

�a�g�e�-�s�p�e�c�i�f�i�c� �(�r�e�g�a�r�d�l�e�s�s� �o�f� �r�e�g�u�l�a�t�i�o�n�s�)�,� �c�u�r�v�e�s� �w�e�r�e� 

�d�e�v�e�l�o�p�e�d� �(�b�a�s�e�d� �o�n� �s�u�b�j�e�c�t�i�v�e� �j�u�d�g�e�m�e�n�t�)� �t�o� �d�e�s�c�r�i�b�e� �t�h�i�s� 

�r�e�l�a�t�i�o�n�s�h�i�p� �f�o�r� �c�o�m�p�l�y�i�n�g� �a�n�d� �n�o�n�-�c�o�m�p�l�y�i�n�g� �a�n�g�l�e�r�s� �i�n� �t�h�e� 

�u�p�p�e�r� �a�n�d� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�.� 

�M�o�d�e�l� �O�u�t�p�u�t�s� 

�M�o�d�e�l� �o�u�t�p�u�t� �w�a�s� �g�e�n�e�r�a�t�e�d� �o�n� �a� �y�e�a�r�l�y� �b�a�s�i�s�,� �b�u�t� �o�n�l�y� 

�t�h�e� �y�e�a�r� �5�0� �r�e�s�u�l�t�s� �w�e�r�e� �u�s�e�d�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �w�a�s� �t�a�k�e�n�,� 

�b�e�c�a�u�s�e� �a�f�t�e�r� �5�0� �y�e�a�r�s�,� �t�h�e� �n�u�m�b�e�r�s� �i�n� �e�a�c�h� �c�o�h�o�r�t� �h�a�d� �b�e�c�o�m�e� 

�c�o�n�s�t�a�n�t�.� �T�h�e� �o�u�t�p�u�t� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �i�m�m�e�d�i�a�t�e�l�y� 

�a�f�t�e�r� �a� �g�i�v�e�n� �y�e�a�r ��s� �s�p�a�w�n�.� �O�u�t�p�u�t�s� �b�y� �a�g�e� �i�n�c�l�u�d�e�d� �n�u�m�b�e�r�s�,� 

�h�a�r�v�e�s�t�,� �y�i�e�l�d�,� �a�n�d� �c�a�t�c�h�.� �O�t�h�e�r� �o�u�t�p�u�t�s� �i�n�c�l�u�d�e�d� �m�e�a�n� �l�e�n�g�t�h� 

�a�n�d� �a�g�e� �c�a�u�g�h�t�,� �m�e�a�n� �l�e�n�g�t�h� �a�n�d� �a�g�e� �h�a�r�v�e�s�t�e�d�,� �t�o�t�a�l�s� �f�o�r� �a�g�e�-� 

�s�p�e�c�i�f�i�c� �p�a�r�a�m�e�t�e�r�s�,� �p�r�o�p�o�r�t�i�o�n�a�l� �s�t�o�c�k� �d�e�n�s�i�t�y� �(�A�n�d�e�r�s�o�n� 

�1�9�7�6�)�,� �a�n�d� �v�a�r�i�o�u�s� �o�t�h�e�r� �r�e�l�a�t�i�v�e� �s�t�o�c�k� �d�e�n�s�i�t�i�e�s� �(�e�q�u�a�t�i�o�n�s� 

�1�1�-�2�0� �i�n� �T�a�b�l�e� �2�)� �(�G�a�b�l�e�h�o�u�s�e� �1�9�8�4�)�.� �M�e�a�n� �w�e�i�g�h�t� �o�f� �f�i�s�h� 

�h�a�r�v�e�s�t�e�d� �c�a�n� �b�e� �e�s�t�i�m�a�t�e�d� �b�y� �t�h�e� �r�a�t�i�o�:� �y�i�e�l�d�\�h�a�r�v�e�s�t�.� 

�S�a�m�p�l�e� �o�u�t�p�u�t� �i�s� �p�r�o�v�i�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �D�.� 

�S�i�m�u�l�a�t�i�o�n�s� 

�R�e�s�u�l�t�s� �f�r�o�m� �t�w�o� �s�e�p�a�r�a�t�e� �d�a�t�a� �s�e�t�s� �(�u�p�p�e�r� �a�n�d� �l�o�w�e�r



�8�1� 

�J�a�m�e�s� �R�i�v�e�r�)� �w�e�r�e� �a�n�a�l�y�z�e�d�.� �W�i�t�h� �e�x�i�s�t�i�n�g� �c�o�n�d�i�t�i�o�n�s� �o�f� 

�a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �a�n�d� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e�,� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� 

�l�e�n�g�t�h� �a�n�d� �c�r�e�e�l� �l�i�m�i�t�s� �w�e�r�e� �s�i�m�u�l�a�t�e�d�.� �L�e�n�g�t�h� �l�i�m�i�t� 

�r�e�g�u�l�a�t�i�o�n�s� �i�n�c�l�u�d�e�d� �a� �n�o� �l�e�n�g�t�h� �l�i�m�i�t� �s�c�e�n�a�r�i�o�;� �m�i�n�i�m�u�m�s� �o�f� 

�1�0�,� �1�1�,� �1�2�,� �1�3�,� �1�4�,� �a�n�d� �1�5� �i�n�c�h�e�s�;� �s�l�o�t� �l�e�n�g�t�h� �l�i�m�i�t�s� �o�f� �1�0�-� 

�1�3�,� �1�1�-�1�4�,� �a�n�d� �1�2�-�1�5� �i�n�c�h�e�s�;� �a�n�d� �m�a�x�i�m�u�m�s� �o�f� �1�0�,� �1�1�,� �1�2�,� �1�3�,� 

�1�4�,� �a�n�d� �1�5� �i�n�c�h�e�s�.� �C�r�e�e�l� �l�i�m�i�t�s� �r�a�n�g�e�d� �f�r�o�m� �0� �(�c�a�t�c�h�-�a�n�d�-� 

�r�e�l�e�a�s�e�)� �t�o� �5� �(�e�x�i�s�t�i�n�g� �r�e�g�u�l�a�t�i�o�n�)� �f�i�s�h� �p�e�r� �a�n�g�l�e�r�-�d�a�y�.� 

�T�h�e�s�e� �r�e�g�u�l�a�t�i�o�n�s� �w�e�r�e� �s�i�m�u�l�a�t�e�d� �i�n�d�i�v�i�d�u�a�l�l�y� �a�n�d� �i�n� 

�c�o�m�b�i�n�a�t�i�o�n�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� �t�o�t�a�l� �o�f� �8�1� �s�i�m�u�l�a�t�i�o�n�s�.� 

�F�o�u�r� �v�a�r�i�a�b�l�e�s� �(�c�a�t�c�h�,� �h�a�r�v�e�s�t�,� �P�S�D�,� �a�n�d� �y�i�e�l�d�)� �w�e�r�e� 

�c�o�m�b�i�n�e�d� �i�n� �a� �u�t�i�l�i�t�y� �f�u�n�c�t�i�o�n� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �"�r�e�l�a�t�i�v�e� 

�e�f�f�e�c�t�i�v�e�n�e�s�s�"� �o�f� �e�a�c�h� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�.� �T�h�e� �o�p�t�i�m�u�m� �i�s� 

�t�h�a�t� �s�c�o�r�e� �w�h�i�c�h� �p�r�o�d�u�c�e�s� �t�h�e� �g�r�e�a�t�e�s�t� �u�t�i�l�i�t�y�,� �a�n�d� �i�s� �a� 

�c�o�m�p�r�o�m�i�s�e� �a�m�o�n�g� �t�h�e� �f�o�u�r� �d�e�c�i�s�i�o�n� �v�a�r�i�a�b�l�e�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�b�e�s�t� �s�c�e�n�a�r�i�o�.� �T�h�e� �f�o�u�r� �v�a�r�i�a�b�l�e�s� �w�e�r�e� �s�c�a�l�e�d� �t�o� �a� �r�a�n�g�e� �f�r�o�m� 

�0� �t�o� �1� �b�a�s�e�d� �o�n� �a� �r�a�n�g�e� �o�f� �v�a�l�u�e�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� 

�l�i�t�e�r�a�t�u�r�e�;� �0� �r�e�p�r�e�s�e�n�t�e�d� �t�h�e� �m�i�n�i�m�u�m� �a�n�d� �1� �r�e�p�r�e�s�e�n�t�e�d� �t�h�e� 

�m�a�x�i�m�u�m� �v�a�l�u�e�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y�:� 

�a�;�*�[�(�v�,�;�-�m�i�n�,�)� �/� �(�m�a�x�,�-�m�i�n�,�)� �]� �(�9�)� �f�o�
m� �I�l� 

�I
�M

�s
� 

�i�=�1� 

�w�h�e�r�e�:� �a�,�=�w�e�i�g�h�t�i�n�g� �f�a�c�t�o�r� �f�o�r� �v�a�r�i�a�b�l�e� �i�,� 
�v�,�=�v�a�l�u�e� �o�f� �v�a�r�i�a�b�l�e� �i� �f�r�o�m� �s�i�m�u�l�a�t�i�o�n�s�,� 
�m�i�n�,�=�m�i�n�i�m�u�m� �v�a�l�u�e� �f�o�r� �v�a�r�i�a�b�l�e� �i�,� �a�n�d� 
�m�a�x�,�=�m�a�x�i�m�u�m� �v�a�l�u�e� �f�o�r� �v�a�r�i�a�b�l�e� �i�.
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�F�o�r� �t�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �d�o�c�u�m�e�n�t�,� �a�l�l� �f�o�u�r� �v�a�r�i�a�b�l�e�s� �w�e�r�e� 

�w�e�i�g�h�t�e�d� �e�q�u�a�l�l�y�,� �a�n�d� �u�t�i�l�i�t�y� �w�a�s� �a�s�s�u�m�e�d� �t�o� �b�e� �l�i�n�e�a�r�l�y� 

�r�e�l�a�t�e�d� �t�o� �t�h�e� �r�e�l�a�t�i�v�e� �d�i�f�f�e�r�e�n�c�e� �f�r�o�m� �t�h�e� �m�i�n�i�m�u�m� �v�a�l�u�e�.� 

�R�e�a�l�i�s�t�i�c�a�l�l�y�,� �v�a�r�i�a�b�l�e�s� �w�o�u�l�d� �b�e� �s�e�l�e�c�t�e�d� �a�n�d� �w�e�i�g�h�t�e�d� �b�a�s�e�d� 

�o�n� �m�a�n�a�g�e�m�e�n�t� �o�b�j�e�c�t�i�v�e�s�.
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�R�e�s�u�l�t�s� 

�F�i�s�h�e�r�y� �P�a�r�a�m�e�t�e�r�s� 

�S�i�m�u�l�a�t�e�d� �v�a�l�u�e�s� �o�f� �c�a�t�c�h�,� �h�a�r�v�e�s�t�,� �y�i�e�l�d�,� �a�n�d� �P�S�D� �f�o�r� 

�t�h�e� �u�p�p�e�r� �a�n�d� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �a�r�e� �d�i�s�p�l�a�y�e�d� �f�o�r� �s�e�l�e�c�t�e�d� 

�r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s� �i�n� �F�i�g�u�r�e�s� �1�4�-�2�3�.� �A�p�p�e�n�d�i�x� �C� �i�n�c�l�u�d�e�s� 

�a�l�l� �s�c�e�n�a�r�i�o�s� �m�o�d�e�l�l�e�d�.� �T�h�e� �f�i�g�u�r�e�s� �i�n�c�l�u�d�e� �h�i�g�h� �a�n�d� �l�o�w� 

�m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�s� �a�n�d� �s�l�o�t� �l�e�n�g�t�h� �l�i�m�i�t�s�,� �a�n�d� �o�n�e� �l�o�w� 

�m�a�x�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�.� �V�a�l�u�e�s� �f�o�r� �t�h�o�s�e� �e�x�c�l�u�d�e�d� �(�m�i�n�i�m�u�m�s� �a�n�d� 

�s�l�o�t�s�)� �w�o�u�l�d� �f�a�l�l� �b�e�t�w�e�e�n� �t�h�e� �e�x�t�r�e�m�e�s� �f�o�r� �t�h�a�t� �t�y�p�e� �o�f� �l�e�n�g�t�h� 

�l�i�m�i�t�.� �C�a�t�c�h� �a�n�d� �P�S�D� �w�o�u�l�d� �b�e� �l�o�w�e�r� �a�t� �h�i�g�h�e�r� �m�a�x�i�m�u�m�s�,� �w�h�i�l�e� 

�h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� �w�o�u�l�d� �b�e� �h�i�g�h�e�r�.� 

�T�h�e� �f�o�u�r� �v�a�r�i�a�b�l�e�s� �d�e�p�i�c�t� �t�w�o� �g�e�n�e�r�a�l� �p�a�t�t�e�r�n�s�.� �O�n�e� 

�p�a�t�t�e�r�n� �r�e�f�l�e�c�t�s� �c�a�t�c�h� �r�a�t�e�s� �a�n�d� �s�i�z�e� �i�n� �a� �f�i�s�h�e�r�y�;� �t�h�e� 

�h�i�g�h�e�s�t� �v�a�l�u�e� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �m�o�s�t� �r�e�s�t�r�i�c�t�i�v�e� 

�r�e�g�u�l�a�t�i�o�n�,� �c�a�t�c�h�-�a�n�d�-�r�e�l�e�a�s�e�.� �C�a�t�c�h� �a�n�d� �P�S�D� �f�o�l�l�o�w� �t�h�i�s� 

�p�a�t�t�e�r�n� �(�F�i�g�u�r�e�s� �1�4�,�1�7�,�1�9�,�2�2�)�.� �B�o�t�h� �t�h�e� �c�a�t�c�h� �r�a�t�e� �a�n�d� �P�S�D� 

�e�x�h�i�b�i�t� �m�a�x�i�m�a� �u�n�d�e�r� �a� �c�r�e�e�l� �l�i�m�i�t� �o�f� �z�e�r�o�,� �a�n�d� �a�t� �h�i�g�h�e�r� 

�c�r�e�e�l� �l�i�m�i�t�s� �h�a�v�e� �h�i�g�h�e�s�t� �v�a�l�u�e�s� �u�n�d�e�r� �a� �1�4�-�i�n�c�h� �m�i�n�i�m�u�m� 

�l�e�n�g�t�h� �l�i�m�i�t� �a�n�d� �l�o�w�e�s�t� �v�a�l�u�e�s� �w�i�t�h� �n�o� �l�e�n�g�t�h� �l�i�m�i�t�.� �T�h�e� 

�m�a�g�n�i�t�u�d�e� �o�f� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �c�a�t�c�h�-�a�n�d�-�r�e�l�e�a�s�e� �a�n�d� �n�o� 

�r�e�g�u�l�a�t�i�o�n� �w�a�s� �l�o�w�;� �t�h�e� �c�a�t�c�h� �r�a�t�e� �a�n�d� �P�S�D� �w�e�r�e� �r�e�d�u�c�e�d� �o�n� 

�a�v�e�r�a�g�e� �b�y� �9� �p�e�r�c�e�n�t� �a�n�d� �1�5� �p�e�r�c�e�n�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �c�a�t�c�h� 

�r�a�t�e� �i�n� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r� �w�a�s� �t�w�o� �a�n�d� �a� �h�a�l�f� �t�i�m�e�s� �t�h�a�t� �o�f� 

�t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �a�c�r�o�s�s� �t�h�e� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s�.� 

�P�r�o�p�o�r�t�i�o�n�a�l� �s�t�o�c�k� �d�e�n�s�i�t�y�,� �h�o�w�e�v�e�r�,� �t�e�n�d�e�d� �t�o� �b�e� �h�i�g�h�e�r� �f�o�r
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�9�4� 

�t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �t�h�a�n� �f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r�;� 

�a�v�e�r�a�g�i�n�g� �2�8� �p�e�r�c�e�n�t� �h�i�g�h�e�r�.� 

�T�h�e� �t�w�o� �r�e�m�a�i�n�i�n�g� �v�a�r�i�a�b�l�e�s�,� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d�,� �a�r�e� 

�m�e�a�s�u�r�e�s� �o�f� �q�u�a�n�t�i�t�y� �o�u�t�p�u�t� �b�y� �a� �f�i�s�h�e�r�y�.� �A�s� �w�o�u�l�d� �h�e� 

�e�x�p�e�c�t�e�d�,� �t�h�e�y� �e�x�h�i�b�i�t� �p�a�t�t�e�r�n�s� �q�u�i�t�e� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�e� �c�a�t�c�h� 

�r�a�t�e� �a�n�d� �P�S�D� �(�F�i�g�u�r�e�s� �1�5�,�1�6�,�2�0�,�2�1�)�.� �B�o�t�h� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� 

�(�k�g�/�h�a�)� �i�n�c�r�e�a�s�e� �w�i�t�h� �h�i�g�h�e�r� �c�r�e�e�l� �l�i�m�i�t�s� �a�n�d� �a�r�e� �m�i�n�i�m�i�z�e�d� �b�y� 

�t�h�e� �m�o�s�t� �r�e�s�t�r�i�c�t�i�v�e� �l�e�n�g�t�h� �l�i�m�i�t�s�.� �T�h�e� �h�i�g�h�e�s�t� �e�s�t�i�m�a�t�e�s� �f�o�r� 

�h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� �(�k�g�/�h�a�)� �o�c�c�u�r� �w�i�t�h� �n�o� �l�e�n�g�t�h� �l�i�m�i�t� �a�n�d� �a� 

�c�r�e�e�l� �l�i�m�i�t� �o�f� �5�.� �T�h�e� �l�o�w�e�s�t� �e�s�t�i�m�a�t�e�s� �a�p�p�e�a�r� �w�i�t�h� �c�a�t�c�h�-�a�n�d�-� 

�r�e�l�e�a�s�e�.� �T�h�e� �d�i�f�f�e�r�e�n�c�e�,� �o�r� �i�n�c�r�e�a�s�e�,� �i�n� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� 

�(�k�g�/�h�a�)� �w�i�t�h� �n�o� �r�e�g�u�l�a�t�i�o�n�s�,� �a�s� �o�p�p�o�s�e�d� �t�o� �c�a�t�c�h�-�a�n�d�-�r�e�l�e�a�s�e�,� 

�i�s� �h�i�g�h�;� �a�v�e�r�a�g�i�n�g� �5�8� �p�e�r�c�e�n�t� �a�n�d� �4�1� �p�e�r�c�e�n�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�B�o�t�h� �h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� �w�e�r�e� �h�i�g�h�e�r� �f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r� 

�a�s� �o�p�p�o�s�e�d� �t�o� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �a�c�r�o�s�s� �r�e�g�u�l�a�t�i�o�n� 

�s�c�e�n�a�r�i�o�s�;� �a�v�e�r�a�g�i�n�g� �1�9� �p�e�r�c�e�n�t� �a�n�d� �6�5� �p�e�r�c�e�n�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�U�t�i�l�i�t�y� �F�u�n�c�t�i�o�n� 

�T�h�e� �f�o�u�r� �v�a�r�i�a�b�l�e�s�,� �c�a�t�c�h�,� �h�a�r�v�e�s�t�,� �y�i�e�l�d�,� �a�n�d� �P�S�D� �w�e�r�e� 

�c�o�m�b�i�n�e�d� �i�n�a� �u�t�i�l�i�t�y� �f�u�n�c�t�i�o�n� �t�o� �p�r�o�v�i�d�e� �a� �g�e�n�e�r�a�l� �e�x�a�m�p�l�e� �o�f� 

�m�u�l�t�i�-�c�r�i�t�e�r�i�a� �d�e�c�i�s�i�o�n� �m�a�k�i�n�g�.� �A�s�s�u�m�i�n�g� �e�q�u�a�l� �w�e�i�g�h�t�i�n�g�,� 

�r�e�s�u�l�t�s� �o�f� �t�h�e�s�e� �c�a�l�c�u�l�a�t�i�o�n�s� �f�o�r� �s�e�l�e�c�t�e�d� �r�e�g�u�l�a�t�i�o�n� 

�s�c�e�n�a�r�i�o�s� �(�F�i�g�u�r�e�s� �1�8� �a�n�d� �2�3�)� �s�u�g�g�e�s�t� �t�h�a�t� �a� �c�r�e�e�l� �l�i�m�i�t� �o�f� �1� 

�a�n�d� �a� �1�4�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t� �i�s� �t�h�e� �"�o�p�t�i�m�u�m�"� �s�c�e�n�a�r�i�o� 

�f�o�r� �b�o�t�h� �t�h�e� �u�p�p�e�r� �a�n�d� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �a�l�t�h�o�u�g�h� �u�t�i�l�i�t�y� �i�s� 

�6�5� �p�e�r�c�e�n�t� �l�o�w�e�r� �f�o�r� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �t�h�a�n� �f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s�.



�9�5� 

�V�a�r�i�a�b�i�l�i�t�y� �a�m�o�n�g� �r�e�g�u�l�a�t�i�o�n�s� �w�a�s� �a�l�s�o� �m�i�n�i�m�a�l�.� �T�h�e� �g�r�e�a�t�e�s�t� 

�c�h�a�n�g�e� �i�n� �u�t�i�l�i�t�y� �o�c�c�u�r�s� �b�e�t�w�e�e�n� �c�r�e�e�l� �l�i�m�i�t� �o�f� �0� �a�n�d� �1�.� �A�t� 

�v�a�l�u�e�s� �o�f� �1� �o�r� �g�r�e�a�t�e�r�,� �c�r�e�e�l� �l�i�m�i�t� �c�h�a�n�g�e�s� �h�a�v�e� �l�e�s�s� �i�m�p�a�c�t� 

�t�h�a�n� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�s�.� �T�h�u�s�,� �a� �1�4�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� 

�l�i�m�i�t� �g�a�v�e� �t�h�e� �h�i�g�h�e�s�t� �u�t�i�l�i�t�y� �s�c�o�r�e�s� �a�t� �a�n�y� �c�r�e�e�l� �l�i�m�i�t�.� 

�U�t�i�l�i�t�y� �s�c�o�r�e�s� �w�e�r�e� �h�i�g�h�e�r� �f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r� �d�u�e� 

�p�r�i�m�a�r�i�l�y� �t�o� �h�i�g�h�e�r� �c�a�t�c�h� �r�a�t�e�s�,� �h�a�r�v�e�s�t�,� �a�n�d� �y�i�e�l�d�.� 

�P�r�o�p�o�r�t�i�o�n�a�l� �s�t�o�c�k� �d�e�n�s�i�t�y�,� �a�l�t�h�o�u�g�h� �l�o�w�e�r� �f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� 

�R�i�v�e�r�,� �s�e�e�m�e�d� �t�o� �b�e� �l�e�s�s� �i�m�p�o�r�t�a�n�t� �t�h�a�n� �c�a�t�c�h�,� �h�a�r�v�e�s�t�,� �o�r� 

�y�i�e�l�d� �i�n� �t�h�e� �o�v�e�r�a�l�l� �u�t�i�l�i�t�y� �a�n�a�l�y�s�i�s�.� 

�C�o�m�p�a�r�a�t�i�v�e� �D�a�t�a� 

�E�i�g�h�t� �p�a�r�a�m�e�t�e�r�s� �(�i�.�e�.�,� �a�n�g�l�i�n�g� �p�r�e�s�s�u�r�e�,� �c�a�t�c�h� �r�a�t�e�,� 

�h�a�r�v�e�s�t�,� �a�v�e�r�a�g�e� �w�e�i�g�h�t� �h�a�r�v�e�s�t�e�d�,� �y�i�e�l�d�,� �P�S�D�,� �d�e�n�s�i�t�y� �a�n�d� 

�b�i�o�m�a�s�s�)� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �f�r�o�m� �e�m�p�i�r�i�c�a�l� �d�a�t�a� �f�o�r� �c�u�r�r�e�n�t� 

�r�e�g�u�l�a�t�i�o�n�s� �(�1�1�-�1�4� �i�n�c�h� �s�l�o�t� �l�e�n�g�t�h� �l�i�m�i�t� �a�n�d� �5� �f�i�s�h�/�d�a�y�)� �o�n� 

�t�h�e� �J�a�m�e�s� �R�i�v�e�r�.� �T�h�e�s�e� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �u�s�e�d� �t�o� �d�e�v�e�l�o�p� �t�h�e� 

�c�u�r�r�e�n�t� �m�o�d�e�l�,� �a�n�d� �f�o�r� �c�o�m�p�a�r�i�n�g� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �s�m�a�l�l�m�o�u�t�h� 

�b�a�s�s� �f�i�s�h�e�r�y� �w�i�t�h� �o�t�h�e�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �s�t�r�e�a�m� �f�i�s�h�e�r�i�e�s�.� 

�A�n�g�l�i�n�g� �p�r�e�s�s�u�r�e� �(�F�i�g�u�r�e� �2�4�)� �w�a�s� �e�s�t�i�m�a�t�e�d� �t�o� �b�e� �1�2�3� �h�o�u�r�s�/�h�a� 

�(�u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r�)� �a�n�d� �9�4� �h�o�u�r�s�/�h�a� �(�l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�)�,� �w�h�i�l�e� 

�d�i�r�e�c�t�e�d� �e�f�f�o�r�t� �t�o�w�a�r�d�s� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �w�a�s� �5�8� �h�o�u�r�s�/�h�a� �(�u�p�p�e�r� 

�J�a�m�e�s�)� �a�n�d� �6�6� �h�o�u�r�s�/�h�a� �(�l�o�w�e�r� �J�a�m�e�s�)� �(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�)�.� 

�T�h�e� �c�a�t�c�h� �r�a�t�e� �(�F�i�g�u�r�e� �2�5�)� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �i�n� �t�h�e� �u�p�p�e�r� 

�a�n�d� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �w�a�s� �0�.�5�4� �f�i�s�h�/�h�r� �a�n�d� �0�.�4�5� �f�i�s�h�/�h�r�,� 

�r�e�s�p�e�c�t�i�v�e�l�y� �(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�)�.� �U�s�i�n�g� �d�i�r�e�c�t�e�d� �a�n�g�l�i�n�g
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�9�9� 

�e�f�f�o�r�t�,� �t�h�e� �c�a�t�c�h� �r�a�t�e� �w�a�s� �1�.�1�5� �f�i�s�h�/�h�r� �a�n�d� �0�.�6�4� �f�i�s�h�/�h�r� �f�o�r� 

�t�h�e� �u�p�p�e�r� �a�n�d� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�H�a�r�v�e�s�t� �(�F�i�g�u�r�e� �2�6�)� �i�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �w�a�s� �e�x�t�r�e�m�e�l�y� �l�o�w�,� 

�a�v�e�r�a�g�i�n�g� �4�.�4� �f�i�s�h�/�h�a� �f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �a�n�d� �2�.�5� �f�i�s�h�/�h�a� �f�o�r� 

�t�h�e� �l�o�w�e�r� �J�a�m�e�s� �(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�)�.� �A�v�e�r�a�g�e� �w�e�i�g�h�t� 

�h�a�r�v�e�s�t�e�d�,� �h�o�w�e�v�e�r�,� �w�a�s� �q�u�i�t�e� �h�i�g�h� �a�t� �0�.�5�7� �k�g� �(�u�p�p�e�r� �J�a�m�e�s�)� 

�a�n�d� �0�.�6�0� �k�g� �(�l�o�w�e�r� �J�a�m�e�s�)� �(�F�i�g�u�r�e� �2�7�)�.� �T�o�t�a�l� �y�i�e�l�d� �f�o�r� 

�s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �(�F�i�g�u�r�e� �2�8�)� �i�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �a�v�e�r�a�g�e�d� �2�.�5� 

�k�g�/�h�a� �f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �a�n�d� �1�.�5� �k�g�/�h�a� �f�o�r� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� 

�(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�)�.� 

�P�r�o�p�o�r�t�i�o�n�a�l� �s�t�o�c�k� �d�e�n�s�i�t�y� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �i�n� �t�h�e� 

�J�a�m�e�s� �R�i�v�e�r� �v�a�r�i�e�d� �b�e�t�w�e�e�n� �a�r�e�a�s� �(�F�i�g�u�r�e� �2�9�)�.� �P�S�D� �f�o�r� �t�h�e� 

�u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r� �w�a�s� �1�4�%�,� �w�h�i�l�e� �P�S�D� �f�o�r� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� 

�w�a�s� �3�3�%� �(�G�a�r�m�a�n� �e�t� �a�l�.� �1�9�9�1�)�.� �D�e�n�s�i�t�y� �o�f� �a�g�e�-�1� �a�n�d� �o�l�d�e�r� 

�s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �i�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �(�F�i�g�u�r�e� �3�0�)� �w�a�s� �1�0�6� �f�i�s�h�/�h�a� 

�(�u�p�p�e�r� �J�a�m�e�s�)� �a�n�d� �3�7� �f�i�s�h�/�h�a� �(�l�o�w�e�r� �J�a�m�e�s�)� �(�G�a�r�m�a�n� �e�t� �a�l�.� 

�1�9�9�1�)�.� �E�s�t�i�m�a�t�e�d� �t�o�t�a�l� �b�i�o�m�a�s�s� �o�f� �a�g�e�-�1� �a�n�d� �o�l�d�e�r� �s�m�a�l�l�m�o�u�t�h� 

�b�a�s�s� �i�s� �g�i�v�e�n� �i�n� �F�i�g�u�r�e� �3�1�.� �I�n� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �b�i�o�m�a�s�s� 

�w�a�s� �e�s�t�i�m�a�t�e�d� �a�t� �1�1�.�6� �k�g�/�h�a�,� �a�n�d� �f�o�r� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�,� 

�b�i�o�m�a�s�s� �w�a�s� �7�.�8� �k�g�/�h�a� �(�G�a�r�m�a�n� �e�t� �a�l�.� �1�9�9�1�)�.� 

�C�h�a�n�g�e�s� �_� �i�n� �E�x�p�l�o�i�t�a�t�i�o�n� 

�T�r�o�p�h�y� �c�a�t�c�h� �(�c�a�u�g�h�t�,� �b�u�t� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �h�a�r�v�e�s�t�e�d�)� �a�n�d� 

�R�S�D�-�T� �(�r�e�l�a�t�i�v�e� �s�t�o�c�k� �d�e�n�s�i�t�y� �o�f� �t�r�o�p�h�y�-�s�i�z�e� �f�i�s�h�)� �w�e�r�e� �u�s�e�d� 

�t�o� �e�v�a�l�u�a�t�e� �t�h�e� �p�r�e�s�e�n�t� �s�t�a�t�u�s� �o�f� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �f�i�s�h�e�r�y�,� �i�n� 

�p�a�r�t�i�c�u�l�a�r� �t�h�e� �c�i�t�a�t�i�o�n� �p�r�o�g�r�a�m� �(�p�r�e�s�e�n�t�l�y� �5�+� �l�b�.� �s�m�a�l�l�m�o�u�t�h�)�.
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�I�n� �t�h�e� �s�i�m�u�l�a�t�i�o�n�s�,� �c�u�r�r�e�n�t� �e�x�p�l�o�i�t�a�t�i�o�n� �r�a�t�e�s� �w�e�r�e� �r�e�d�u�c�e�d� �b�y� 

�9�0�%�,� �7�5�%�,� �5�0�%�,� �a�n�d� �2�5�%�.� �T�h�i�s� �w�a�s� �d�o�n�e� �f�o�r� �n�o� �r�e�g�u�l�a�t�i�o�n�s�,� 

�c�u�r�r�e�n�t� �r�e�g�u�l�a�t�i�o�n�s� �(�1�1�-�1�4� �i�n�c�h� �s�l�o�t� �l�e�n�g�t�h� �l�i�m�i�t� �a�n�d� �f�i�v�e� 

�f�i�s�h�/�d�a�y�)�,� �a�n�d� �a� �1�2�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�.� �T�r�o�p�h�y� �c�a�t�c�h� 

�a�n�d� �R�S�D�-�T� �w�e�r�e� �l�o�w�e�s�t� �f�o�r� �t�h�e� �n�o� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o� �a�n�d� 

�h�i�g�h�e�s�t� �f�o�r� �c�u�r�r�e�n�t� �r�e�g�u�l�a�t�i�o�n�s�.� �T�r�o�p�h�y� �c�a�t�c�h� �w�a�s� �h�i�g�h�e�r� �f�o�r� 

�t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �w�h�i�l�e� �R�S�D�-�T� �w�a�s� �h�i�g�h�e�s�t� �f�o�r� �t�h�e� �u�p�p�e�r� 

�J�a�m�e�s� �R�i�v�e�r�.� �T�r�o�p�h�y� �c�a�t�c�h� �a�n�d� �R�S�D�-�T� �a�r�e� �r�e�p�o�r�t�e�d� �i�n� �F�i�g�u�r�e�s� 

�3�2�-�3�7�.� 

�W�i�t�h� �n�o� �r�e�g�u�l�a�t�i�o�n�s�,� �c�a�t�c�h� �o�f� �c�i�t�a�t�i�o�n� �s�m�a�l�l�m�o�u�t�h� �i�n� �t�h�e� 

�u�p�p�e�r� �J�a�m�e�s� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �s�i�x� �f�i�s�h� �(�c�u�r�r�e�n�t� �e�x�p�l�o�i�t�a�t�i�o�n�,� �o�r� 

�F�;� �j�=�1�)� �t�o� �1�,�8�0�1� �f�i�s�h� �a�t� �1�0�%� �c�u�r�r�e�n�t� �e�x�p�l�o�i�t�a�t�i�o�n�;� �i�n� �t�h�e� �l�o�w�e�r� 

�J�a�m�e�s� �c�a�t�c�h� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �n�o� �f�i�s�h� �(�0�.�2�5� �f�i�s�h�)� �t�o� �3�,�1�9�7� �f�i�s�h� 

�(�F�i�g�u�r�e� �3�2�)�.� �F�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �R�S�D�-�T� �i�n�c�r�e�a�s�e�d� �f�r�o�m� 

�0�.�0�0�0�0�2�6� �t�o� �0�.�0�5�8�,� �a�n�d� �f�o�r� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �R�S�D�-�T� 

�i�n�c�r�e�a�s�e�d� �f�r�o�m� �0�.�0�0�0�0�0�1�8� �t�o� �0�.�0�4�1� �(�F�i�g�u�r�e� �3�3�)�.� �U�n�d�e�r� �c�u�r�r�e�n�t� 

�r�e�g�u�l�a�t�i�o�n�s�,� �c�a�t�c�h� �o�f� �t�r�o�p�h�y� �f�i�s�h� �i�n� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �i�n�c�r�e�a�s�e�d� 

�f�r�o�m� �1�5� �f�i�s�h� �t�o� �1�,�9�2�6� �f�i�s�h�,� �w�h�i�l�e� �t�h�e� �i�n�c�r�e�a�s�e� �f�o�r� �t�h�e� �l�o�w�e�r� 

�J�a�m�e�s� �R�i�v�e�r� �w�a�s� �f�r�o�m� �4� �f�i�s�h� �t�o� �4�,�2�4�6� �f�i�s�h� �(�F�i�g�u�r�e� �3�4�)�.� �R�S�D�-�T� 

�i�n�c�r�e�a�s�e�d� �f�r�o�m� �0�.�0�0�0�0�4�8�7� �t�o� �0�.�0�5�3� �f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r� 

�a�n�d� �f�r�o�m� �0�.�0�0�0�0�0�5� �t�o� �0�.�0�5�2� �f�o�r� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �(�F�i�g�u�r�e� 

�3�5�)�.� �T�r�o�p�h�y� �c�a�t�c�h� �a�n�d� �R�S�D�-�T� �f�o�r� �t�h�e� �1�2�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� 

�l�i�m�i�t� �w�e�r�e� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �e�x�t�r�e�m�e�s�,� �a�n�d� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e�s� 

�3�6� �a�n�d� �3�7�.� �A� �r�e�d�u�c�t�i�o�n� �i�n� �f�i�s�h�i�n�g� �m�o�r�t�a�l�i�t�y� �f�r�o�m� �5�0�%� �t�o� �7�5�%� 

�i�s� �n�e�e�d�e�d� �t�o� �a�c�h�i�e�v�e� �p�e�a�k� �c�i�t�a�t�i�o�n� �h�a�r�v�e�s�t� �i�n� �T�a�b�l�e� �1�3�.
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�1�1�2� 

�D�i�s�c�u�s�s�i�o�n� 

�U�t�i�l�i�t�y� �F�u�n�c�t�i�o�n� 

�T�h�e� �u�t�i�l�i�t�y� �f�u�n�c�t�i�o�n� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�,� �w�h�i�c�h� �p�r�o�v�i�d�e�d� 

�u�n�i�f�o�r�m� �w�e�i�g�h�t�i�n�g� �o�f� �t�h�e� �i�n�c�l�u�d�e�d� �v�a�r�i�a�b�l�e�s�,� �w�a�s� �n�o�t� �i�n�t�e�n�d�e�d� 

�t�o� �b�e� �u�s�e�d� �t�o� �g�e�n�e�r�a�t�e� �s�p�e�c�i�f�i�c� �m�a�n�a�g�e�m�e�n�t� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s�.� 

�I�t� �w�a�s� �m�e�r�e�l�y� �u�s�e�d� �a�s� �a�n� �e�x�a�m�p�l�e� �o�f� �m�u�l�t�i�-�c�r�i�t�e�r�i�a� �d�e�c�i�s�i�o�n� 

�a�n�a�l�y�s�i�s�.� �T�h�e� �g�o�a�l�s� �o�f� �t�h�e� �m�a�n�a�g�e�r� �o�f� �a� �p�a�r�t�i�c�u�l�a�r� �f�i�s�h�e�r�y� 

�s�h�o�u�l�d� �d�e�t�e�r�m�i�n�e� �t�h�e� �i�n�c�l�u�s�i�o�n� �a�n�d� �w�e�i�g�h�t�i�n�g� �o�f� �v�a�r�i�a�b�l�e�s�.� 

�D�e�s�p�i�t�e� �t�h�e� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �t�h�i�s� �f�u�n�c�t�i�o�n�,� �t�w�o� 

�g�e�n�e�r�a�l�i�t�i�e�s� �c�a�n� �b�e� �d�r�a�w�n� �f�r�o�m� �t�h�e� �u�t�i�l�i�t�y� �f�u�n�c�t�i�o�n�.� �F�i�r�s�t�,� 

�t�h�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �a� �n�a�r�r�o�w� �r�a�n�g�e� �f�o�r� �t�h�e� �u�t�i�l�i�t�y� �s�c�o�r�e�s�,� 

�w�h�i�c�h� �r�e�f�l�e�c�t�s� �t�h�e� �l�a�c�k� �o�f� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �d�e�c�i�s�i�o�n� 

�v�a�r�i�a�b�l�e�s� �a�m�o�n�g� �t�h�e� �r�e�g�u�l�a�t�i�o�n� �s�c�e�n�a�r�i�o�s� �m�o�d�e�l�l�e�d�.� �M�T�h�i�s� �i�s� 

�d�u�e� �i�n� �l�a�r�g�e� �p�a�r�t� �t�o� �t�h�e� �h�i�g�h� �d�e�g�r�e�e� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �b�y� 

�J�a�m�e�s� �R�i�v�e�r� �a�n�g�l�e�r�s� �(�T�a�b�l�e�s� �1�6� �a�n�d� �1�7�)�;� �w�h�i�c�h� �t�e�n�d�s� �t�o� 

�d�i�m�i�n�i�s�h� �d�i�f�f�e�r�e�n�c�e�s� �a�m�o�n�g� �r�e�g�u�l�a�t�i�o�n�s� �(�C�h�a�p�t�e�r� �1�)�.� �S�e�c�o�n�d�,� 

�t�h�e� �r�e�s�u�l�t�s� �o�f� �s�l�o�t� �a�n�d� �m�a�x�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�s� �w�e�r�e� �m�o�r�e� 

�S�i�m�i�l�a�r� �t�o� �n�o� �l�e�n�g�t�h� �l�i�m�i�t� �t�h�a�n� �t�h�e� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�s�.� 

�T�h�i�s� �t�r�e�n�d� �i�s� �l�i�k�e�l�y� �d�u�e� �t�o� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �s�l�o�t� �a�n�d� �m�a�x�i�m�u�m� 

�l�e�n�g�t�h� �l�i�m�i�t�s� �a�r�e� �m�u�c�h� �l�e�s�s� �r�e�s�t�r�i�c�t�i�v�e� �t�h�a�n� �t�h�e� �m�i�n�i�m�u�m� 

�l�e�n�g�t�h� �l�i�m�i�t�s�.� 

�T�h�e� �r�a�t�i�o�n�a�l�e� �b�e�h�i�n�d� �i�m�p�o�s�i�n�g� �s�l�o�t� �l�e�n�g�t�h� �l�i�m�i�t�s� �a�s�s�u�m�e�s� 

�t�h�a�t� �d�e�n�s�i�t�y� �i�s� �l�i�m�i�t�i�n�g� �g�r�o�w�t�h� �o�f� �i�n�d�i�v�i�d�u�a�l�s� �b�e�l�o�w� �t�h�e� 

�m�i�n�i�m�u�m� �s�l�o�t� �l�e�n�g�t�h�,� �w�h�i�l�e� �f�o�r� �m�a�x�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�s�,� �t�h�e� 

�r�a�t�i�o�n�a�l�e� �a�s�s�u�m�e�s� �t�h�a�t� �r�e�c�r�u�i�t�m�e�n�t� �i�s� �l�i�m�i�t�e�d� �b�y� �e�x�p�l�o�i�t�a�t�i�o�n�.



�1�1�3� 

�T�a�b�l�e� �1�6�.� �T�o�t�a�l� �e�s�t�i�m�a�t�e�d� �a�n�g�l�i�n�g� �e�f�f�o�r�t�,� �c�a�t�c�h�,� �a�n�d� �h�a�r�v�e�s�t� �f�o�r� �b�l�a�c�k� �b�a�s�s� �i�n� �t�h�e� �J�a�m�e�s� 
�R�i�v�e�r�,� �1�9�8�8�.� �S�a�m�p�l�e� �s�i�z�e� �(�n�o�.� �o�f� �p�a�r�t�i�e�s�)� �i�s� �s�h�o�w�n� �i�n� �p�a�r�e�n�t�h�e�s�i�s�.� �T�h�e� 
�v�a�r�i�a�n�c�e� �s�h�o�w�n� �f�o�r� �a�n�g�l�i�n�g� �e�f�f�o�r�t� �i�n� �A�r�e�a ��s� �1�-�5� �d�e�p�i�c�t�s� �s�e�a�s�o�n�a�l� �a�n�d� �a�n�g�l�e�r� 
�t�y�p�e� �v�a�r�i�a�b�i�l�i�t�y�.� 

� � 

� � 

�E�f�f�o�r�t� �C�a�t�c�h� �H�a�r�v�e�s�t� 
�(�h�o�u�r�s�)� �C�P�U�E� �(�N�D� �(�n�u�m�b�e�r�s�)� �H�P�U�E� �(�N�)� �(�n�u�m�b�e�r�s� �)� 

�A�R�E�A� �1� 
�b�a�n�k� �5�,�1�8�2� �0�.�8�4�4�9� �(�1�1�)� �4�,�3�7�8� �0�.�0�3�3�8� �(�1�1�)� �1�7�5� 
�b�o�a�t� �5�8�,�7�0�8� �1�.�6�9�1�7� �(�5�3�)� �9�9�,�3�1�6� �0�.�1�3�3�5� �(�5�3�)� �7�,�8�3�6� 
�t�o�t�a�l� �6�3�,�8�9�0� �1�0�3�,�6�9�4� �8�,�0�1�1� 
�v�a�r�.� �1�5� �,�0�4�1�-�1�5�0�,�0�3�8� 

�A�R�E�A� �2� 
�b�a�n�k� �5�,�4�1�0� �0�.�5�1�9�7� �(�4�)� �2�,�8�1�2� �.� �0�.�0�0�0�0� �(�4�)� �0� 
�b�o�a�t� �2�6�,�4�1�2� �0�.�6�6�5�5� �(�1�3�)� �1�7�,�5�7�7� �0�.�1�3�2�9� �(�1�3�)� �3�,�5�1�0� 
�t�o�t�a�l� �3�1�,�8�2�2� �2�0�,�3�8�9� �3�,�5�1�0� 
�v�a�r�.� �4� �,�0�9�7�-�6�5� �,�8�2�1� 

�A�R�E�A� �3� 
�b�a�n�k� �4�,�5�6�2� �0�.�5�7�8�4� �(�4�)� �2�,�6�3�9� �0�.�0�0�0�0� �(�4�)� �0� 
�b�o�a�t� �9�6� �,�0�4�6� �0�.�6�2�8�0� �(�4�0�)� �6�0�,�3�2�6� �0�.�0�8�2�6� �(�4�0�)� �7�,�9�3�3� 
�t�o�t�a�l� �1�0�0�,�6�0�8� �6�2�,�9�6�5� �7�,�9�3�3� 
�v�a�r�.� �1�8� �0�4�7�-�2�6�5� �,�2�7�5� 

�A�R�E�A� �4� 
�b�a�n�k� �4�,�3�8�8� �0�.�6�2�1�9� �(�6�)� �2�,�7�2�9� �0�.�0�0�0�0� �(�6�)� �0� 
�b�o�a�t� �1�3�1�,�6�7�7� �0�.�5�1�8�2� �(�1�2�8�)� �6�8�,�2�3�5� �0�.�0�1�6�0� �(�1�2�8�)� �2�,�1�0�7� 
�t�o�t�a�l� �1�3�6�,�0�6�5� �7�0�,�9�6�4� �2�,�1�0�7� 
�v�a�r�.� �3�3�,� �,�2�3�6�-�3�3�7�,�7�7�0� 

�A�R�E�A� �5� 
�b�a�n�k� �2�1�,�9�1�8� �0�.�4�8�6�6� �(�2�7�)� �1�0�,�6�6�5� �0�.�0�0�6�6� �(�2�7�)� �1�4�5� 
�b�o�a�t� �1�3�,� �7�6�8� �0�.�6�0�9�8� �(�1�7�)� �8�,�3�9�6� �0�.�0�0�6�2� �(�1�7�)� �8�5� 
�t�o�t�a�l� �3�5� �,� �6�8�6� �1�9�,�0�6�1� �2�3�0� 
�v�a�r�.� �1�,�2�8�8�-�9�9�,�5�6�4� 

�A�R�E�A� �6�,� 
�b�a�n�k� �1�6�,�1�6�1� �0�.�0�0�0�0� �(�0�)� �0� �0�.�0�0�0�0� �(�0�)� �0� 
�b�o�a�t� �0� �0�.�0�0�0�0� �(�0�)� �0� �0�.�0�0�0�0� �(�0�)� �Q� 
�t�o�t�a�l� �1�6�,�1�6�1� �0� �0� 

�T�O�T�A�L� �3�8�4� �,� �2�3�2� �2�7�7�,�0�7�3� �2�1�,�7�9�1� 
�/�h�a� �8�2�.�2� �5�9�.�3� �4�.�7� 
� � 

�.� �A� �v�a�r�i�a�n�c�e� �w�a�s� �n�o�t� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �A�r�e�a� �6� �d�u�e� �t�o� �a� �l�i�m�i�t�e�d� �s�a�m�p�l�e� �s�i�z�e�.



�1�1�4� 

� � 

�T�a�b�l�e� �1�7�.� �T�o�t�a�l� �e�s�t�i�m�a�t�e�d� �a�n�g�l�i�n�g� �e�f�f�o�r�t�,� �c�a�t�c�h�,� �a�n�d� �h�a�r�v�e�s�t� �f�o�r� �b�i�a�c�k� �b�a�s�s� �i�n� �t�h�e� �J�a�m�e�s� 
�R�i�v�e�r�,� �1�9�8�9�.� �S�a�m�p�l�e� �s�i�z�e� �(�n�o�.� �o�f� �p�a�r�t�i�e�s�)� �i�s� �s�h�o�w�n� �i�n� �p�a�r�e�n�t�h�e�s�i�s�.� �T�h�e� 
�v�a�r�i�a�n�c�e� �s�h�o�w�n� �f�o�r� �a�n�g�l�i�n�g� �e�f�f�o�r�t� �i�n� �A�r�e�a ��s� �1�-�5� �d�e�p�i�c�t�s� �s�e�a�s�o�n�a�l� �a�n�d� �a�n�g�l�e�r� 
�t�y�p�e� �v�a�r�i�a�b�i�l�i�t�y�.� 

�E�f�f�o�r�t� �C�a�t�c�h� �H�a�r�v�e�s�t� 
�(�h�o�u�r�s�)� �C�P�U�E� �C�N�)� �(�n�u�m�b�e�r�s�)� �H�P�U�E� �(�N�)� �C�n�u�m�b�e�r�s� �)� 

�A�R�E�A� �1� 

�b�a�n�k� �7�,�3�1�2� �0�.�5�7�3�3� �(�8�)� �4�,�1�9�2� �0�.�0�0�0�0� �(�8�)� �0� 
�b�o�a�t� �5�0�,�1�3�2� �1�.�7�5�6�4� �(�3�1�)� �8�8�,�0�5�2� �0�.�0�5�6�9� �(�3�1�)� �2�,�8�5�3� 
�t�o�t�a�l� �5�7�,�4�4�4� �9�2�,�2�4�4� �2�,�8�5�3� 
�v�a�r�.� �4�,�7�9�0�-�1�5�8�,�1�1�0� 

�A�R�E�A� �2� 
�b�a�n�k� �3�,�9�5�1� �0�.�2�7�1�0� �(�5�)� �8�2�7� �0�.�0�6�6�7� �(�5�)� �2�0�4� 
�b�o�a�t� �1�7�,�1�4�9� �0�.�5�3�7�9� �(�1�2�)� �9�,�2�2�4� �0�.�0�1�4�3� �(�1�2�)� �2�4�5� 
�t�o�t�a�l� �2�0�,�2�0�0� �1�0�,�0�5�1� �4�4�9� 
�v�a�r�.� �2�,�9�4�8�-�5�1�,�4�3�5� 

�A�R�E�A� �3� 

�b�a�n�k� �1�,�9�7�5� �0�.�3�3�3�3� �(�3�)� �6�5�8� �0�.�0�0�0�0� �(�3�)� �0� 
�b�o�a�t� �4�7�,�2�7�6� �1�.�3�0�8�9� �(�3�7�)� �6�1�,�8�8�0� �0�.�0�6�9�8� �(�3�7�)� �3�,�3�0�0� 
�t�o�t�a�l� �4�9�,�2�5�1� �6�2�,�5�3�8� �3�,�3�0�0� 
�v�a�r�.� �7�,� �1�0�9�-�9�9�,� �1�7�1� 

�A�R�E�A� �4� 
�b�a�n�k� �1�,�8�5�0� �0�.�1�9�2�0� �(�8�)� �3�5�5� �0�.�0�2�7�5� �(�8�)� �5�1� 
�b�o�a�t� �4�9�,�9�9�6� �0�.�5�9�5�3� �(�5�8�)� �2�9�,�7�6�3� �0�.�0�2�8�3� �(�5�8�)� �1�,�4�1�5� 
�t�o�t�a�l� �5�1�,�8�4�6� �3�0�,�1�1�8� �1�,�4�6�6� 
�v�a�r�.� �1�0�,� �7�8�7�-�1�3�8�,� �7�8�7� 

�A�R�E�A� �5� 
�b�a�n�k� �1�3�,�1�8�1� �0�.�3�3�7�0� �(�1�8�)� �4�,�4�4�2� �0�.�0�0�0�0� �(�1�8�)� �0� 
�b�o�a�t� �6�,�6�8�6� �0�.�4�5�9�2� �(�1�0�)� �3�,�0�7�0� �0�.�0�1�0�5� �¢�1�0�)� �7�0� 
�t�o�t�a�l� �1�9�,�8�6�7� �7�,�5�1�2� �7�0� 
�v�a�r�.� �7�9�1�-�4�4� �,�3�0�3� 

�A�R�E�A� �6�,� 
�b�a�n�k� �7�,�8�4�0� �0�.�0�0�0�0� �¢�1�)� �0� �0�.�0�0�0�0� �(�1�)� �0� 
�b�o�a�t� �0� �0�.�0�0�0�0� �(�0�)� �0� �0�.�0�0�0�0� �(�0�)� �9� 
�t�o�t�a�l� �7�,�8�4�0� �0� �0� 

�T�O�T�A�L� �2�0�6�,�4�4�8� �2�0�2�,�4�6�3� �8�,�1�3�8� 
�f�h�a� �4�4�.�2� �4�3�.�3� �1�.�7� 
� � 

�.� �A� �v�a�r�i�a�n�c�e� �w�a�s� �n�o�t� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �A�r�e�a� �6� �d�u�e� �t�o� �a� �l�i�m�i�t�e�d� �s�a�m�p�l�e� �s�i�z�e�.



�1�1�5� 

�S�i�n�c�e� �t�h�e� �m�o�d�e�l� �i�s� �b�a�s�e�d� �o�n� �c�o�n�s�t�a�n�t� �g�r�o�w�t�h� �a�n�d� �r�e�c�r�u�i�t�m�e�n�t�,� 

�i�t� �i�s� �c�l�e�a�r� �t�h�a�t� �s�l�o�t� �a�n�d� �m�a�x�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�s� �w�o�u�l�d� �h�a�v�e� 

�l�e�s�s� �t�h�a�n� �t�h�e� �d�e�s�i�r�e�d� �e�f�f�e�c�t�.� �T�h�i�s� �p�a�t�t�e�r�n� �i�s� �m�o�s�t� �e�v�i�d�e�n�t� 

�f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r� �(�F�i�g�u�r�e�s� �1�4�-�1�8�)�.� �T�h�e� �l�o�w�e�r� �J�a�m�e�s� 

�e�x�h�i�b�i�t�s� �a� �s�i�m�i�l�a�r� �p�a�t�t�e�r�n� �(�F�i�g�u�r�e�s� �1�9�-�2�3�)�,� �b�u�t� �t�e�n�d�s� �t�o� �b�e� 

�l�e�s�s� �p�r�o�n�o�u�n�c�e�d�;� �t�h�e� �1�0�-�1�3� �i�n�c�h� �s�l�o�t� �l�e�n�g�t�h� �l�i�m�i�t� �i�s� �m�o�r�e� 

�s�i�m�i�l�a�r� �t�o� �t�h�e� �1�1�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�.� 

�C�o�m�p�a�r�a�t�i�v�e� �D�a�t�a� 

�E�i�g�h�t� �p�a�r�a�m�e�t�e�r�s�,� �d�e�r�i�v�e�d� �f�r�o�m� �e�m�p�i�r�i�c�a�l� �d�a�t�a� �(�a�n�g�l�i�n�g� 

�p�r�e�s�s�u�r�e�,� �c�a�t�c�h� �r�a�t�e�,� �h�a�r�v�e�s�t�,� �a�v�e�r�a�g�e� �w�e�i�g�h�t� �h�a�r�v�e�s�t�e�d�,� 

�y�i�e�l�d�,� �P�S�D�,� �d�e�n�s�i�t�y�,� �a�n�d� �b�i�o�m�a�s�s�)�,� �w�e�r�e� �u�s�e�d� �t�o� �d�e�v�e�l�o�p� �t�h�e� 

�c�u�r�r�e�n�t� �m�o�d�e�l�.� �T�h�e�s�e� �e�i�g�h�t� �p�a�r�a�m�e�t�e�r�s� �a�r�e� �u�s�e�d� �t�o� �c�o�m�p�a�r�e� �t�h�e� 

�J�a�m�e�s� �R�i�v�e�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�y�,� �u�n�d�e�r� �c�u�r�r�e�n�t� 

�r�e�g�u�l�a�t�i�o�n�s�,� �w�i�t�h� �o�t�h�e�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �s�t�r�e�a�m� �f�i�s�h�e�r�i�e�s�.� 

�A�n�g�l�e�r� �h�a�r�v�e�s�t� �s�t�a�t�i�s�t�i�c�s� �f�r�o�m� �s�e�v�e�r�a�l� �s�t�r�e�a�m� �f�i�s�h�e�r�i�e�s� �a�r�e� 

�g�i�v�e�n� �i�n� �F�i�g�u�r�e�s� �2�4�-�2�8� �a�n�d� �A�p�p�e�n�d�i�x� �D�.� �D�e�n�s�i�t�y� �a�n�d� �b�i�o�m�a�s�s� �o�f� 

�s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �a�g�e�-�1� �a�n�d� �o�l�d�e�r�,� �a�n�d� �P�S�D� �a�r�e� �g�i�v�e�n� �i�n� �F�i�g�u�r�e�s� 

�2�9�-�3�1�.� 

�T�o�t�a�l� �a�n�g�l�i�n�g� �p�r�e�s�s�u�r�e� �o�n� �t�h�e� �u�p�p�e�r� �a�n�d� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� 

�(�1�2�3� �a�n�d� �9�4� �h�o�u�r�s�/�h�a�,� �r�e�s�p�e�c�t�i�v�e�l�y�)� �w�e�r�e� �c�o�m�p�a�r�e�d� �t�o� �h�a�r�v�e�s�t� 

�d�a�t�a� �o�n� �o�t�h�e�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�i�e�s� �(�F�i�g�u�r�e� �2�4�)�.� �T�h�e� 

�f�i�s�h�e�r�i�e�s� �i�n�c�l�u�d�e�d� �r�e�c�e�i�v�e�d� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �p�r�e�s�s�u�r�e� �l�e�v�e�l�s�;� 

�f�r�o�m� �6�9� �h�o�u�r�s� �p�e�r� �h�e�c�t�a�r�e� �o�n� �t�h�e� �C�u�r�r�e�n�t� �R�i�v�e�r� �i�n� �M�i�s�s�o�u�r�i� 

�(�F�l�e�e�n�e�r� �1�9�7�3�)� �t�o� �9�2�5� �o�n� �t�h�e� �M�a�q�u�o�k�e�t�a� �R�i�v�e�r� �i�n� �I�o�w�a� 

�(�P�a�r�a�g�a�m�i�a�n� �1�9�8�4�b�)�.� �T�o�t�a�l� �e�s�t�i�m�a�t�e�d� �p�r�e�s�s�u�r�e� �p�e�r� �h�e�c�t�a�r�e� �o�n



�1�1�6� 

�t�h�e� �J�a�m�e�s� �R�i�v�e�r� �w�a�s� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �(�S�t�a�n�o�v�i�c�k� �e�t� �a�l�.� �1�9�9�1�)�;� 

�5�3�%� �a�n�d� �6�4�%� �b�e�l�o�w� �t�h�e� �c�o�m�p�u�t�e�d� �a�v�e�r�a�g�e� �[�2�6�1� �h�r�/�h�a� �(�N�=�2�2�)�]� �f�o�r� 

�t�h�e� �u�p�p�e�r� �a�n�d� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �D�i�r�e�c�t�e�d� 

�e�f�f�o�r�t� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �o�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �w�a�s� �5�8� �(�u�p�p�e�r� 

�J�a�m�e�s�)� �a�n�d� �6�6� �h�o�u�r�s� �(�l�o�w�e�r� �J�a�m�e�s�)� �p�e�r� �h�e�c�t�a�r�e�,� �w�e�l�l� �b�e�l�o�w� �t�h�e� 

�a�v�e�r�a�g�e� �o�f� �2�6�1� �h�r�/�h�a�.� 

�T�h�e� �o�b�s�e�r�v�e�d� �r�a�n�g�e� �f�o�r� �c�a�t�c�h� �(�F�i�g�u�r�e� �2�5�)� �w�a�s� �0�.�0�3� �(�B�i�g� 

�P�i�n�e�y� �R�i�v�e�r�,� �F�l�e�e�n�e�r� �1�9�7�4�b�)� �t�o� �1�.�3�3� �(�N�e�w� �R�i�v�e�r�,� �A�u�s�t�e�n� �a�n�d� 

�O�r�t�h� �1�9�8�4�)� �f�i�s�h� �p�e�r� �h�o�u�r�,� �w�i�t�h� �a�n� �a�v�e�r�a�g�e� �o�f� �0�.�4�3� �f�i�s�h�/�h�r� 

�(�N�=�2�0�)�.� �T�h�e� �c�a�t�c�h� �r�a�t�e� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �i�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� 

�w�a�s� �0�.�5�4� �f�i�s�h�/�h�r� �(�u�p�p�e�r� �J�a�m�e�s�)� �a�n�d� �0�.�4�5� �f�i�s�h�/�h�r� �(�l�o�w�e�r� �J�a�m�e�s�)�,� 

�2�6�%� �a�n�d� �5�%� �a�b�o�v�e� �t�h�e� �c�o�m�p�u�t�e�d� �a�v�e�r�a�g�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �U�s�i�n�g� 

�d�i�r�e�c�t�e�d� �e�f�f�o�r�t�,� �c�a�t�c�h� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �w�o�u�l�d� �i�n�c�r�e�a�s�e� �t�o� 

�1�.�1�5� �f�i�s�h�/�h�r� �(�u�p�p�e�r� �J�a�m�e�s�)� �a�n�d� �0�.�6�4� �f�i�s�h�/�h�r� �(�l�o�w�e�r� �J�a�m�e�s�)� 

�(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�)�,� �1�6�7�%� �a�n�d� �4�9�%� �a�b�o�v�e� �a�v�e�r�a�g�e�.� 

�F�i�e�l�d� �e�s�t�i�m�a�t�e�s� �o�f� �h�a�r�v�e�s�t� �(�F�i�g�u�r�e� �2�6�)� �r�a�n�g�e� �f�r�o�m� �0� 

�(�C�o�u�r�t�o�i�s� �C�r�e�e�k�,� �F�l�e�e�n�e�r� �1�9�7�5�)� �t�o� �3�9�.�2� �(�M�a�q�u�o�k�e�t�a� �R�i�v�e�r�,� 

�P�a�r�a�g�a�m�i�a�n� �1�9�8�4�b�)� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �p�e�r� �h�e�c�t�a�r�e�,� �a�n�d� �a�v�e�r�a�g�e�d� 

�1�5�.�5� �f�i�s�h�/�h�a� �(�N�=�1�9�)�.� �H�a�r�v�e�s�t� �o�f� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �i�n� �t�h�e� �J�a�m�e�s� 

�R�i�v�e�r� �[�u�p�p�e�r� �J�a�m�e�s�,� �4�.�4� �f�i�s�h�/�h�a�;� �l�o�w�e�r� �J�a�m�e�s�,� �2�.�5� �f�i�s�h�/�h�a� 

�(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �1�9�9�1�)�]� �w�a�s� �w�e�l�l� �b�e�l�o�w� �t�h�e� �f�i�e�l�d� �a�v�e�r�a�g�e�,� �7�2�%� 

�a�n�d� �8�4�%� �f�o�r� �t�h�e� �u�p�p�e�r� �a�n�d� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�M�e�a�n� �w�e�i�g�h�t� �h�a�r�v�e�s�t�e�d� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �f�o�r� 

�s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �(�f�i�g�u�r�e� �2�7�)� �r�a�n�g�e�d� �f�r�o�m� �0�.�1� �k�g� �(�N�e�w� �R�i�v�e�r�,� 

�W�o�l�l�i�t�z� �1�9�6�8�)� �t�o� �0�.�6�3� �k�g� �(�M�a�q�u�o�k�e�t�a� �R�i�v�e�r�,� �P�a�r�a�g�a�m�i�a�n� �1�9�8�4�b�)�.



�1�1�7� 

�T�h�e� �l�i�t�e�r�a�t�u�r�e� �a�v�e�r�a�g�e� �w�a�s� �0�.�4�3� �k�g� �(�N�=�1�4�)�.� �M�e�a�n� �w�e�i�g�h�t� 

�h�a�r�v�e�s�t�e�d� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �i�n� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r� �w�a�s� 

�0�.�5�7� �k�g� �(�3�3�%� �a�b�o�v�e� �a�v�e�r�a�g�e�)�.� �F�o�r� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �m�e�a�n� 

�w�e�i�g�h�t� �h�a�r�v�e�s�t�e�d� �w�a�s� �0�.�6�0� �k�g� �(�4�0�%� �a�b�o�v�e� �a�v�e�r�a�g�e�)�.� �T�h�e� �h�i�g�h� 

�a�v�e�r�a�g�e� �w�e�i�g�h�t� �h�a�r�v�e�s�t�e�d� �i�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �i�s� �r�e�f�l�e�c�t�i�v�e� �o�f� 

�g�o�o�d� �g�r�o�w�t�h� �a�n�d� �c�o�n�d�i�t�i�o�n� �[�F�u�l�t�o�n ��s� �K� �a�v�e�r�a�g�e�d� �1�.�2�4� �(�1�2� �a�g�e� 

�c�l�a�s�s�e�s� �f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r�)� �a�n�d� �1�.�2�7� �(�1�0� �a�g�e� �c�l�a�s�s�e�s� 

�f�o�r� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�)�]� �(�G�a�r�m�a�n� �e�t� �a�l�.� �1�9�9�1�)�.� 

�I�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�,� �y�i�e�l�d� �(�F�i�g�u�r�e� �2�8�)� �r�a�n�g�e�d� �f�r�o�m� �0� 

�(�C�o�u�r�t�o�i�s� �C�r�e�e�k�,� �F�l�e�e�n�e�r� �1�9�7�5�)� �t�o� �1�4�.�8� �(�M�i�d�d�l�e� �F�o�r�k� �K�e�n�t�u�c�k�y� 

�R�i�v�e�r�,� �T�u�r�n�e�r� �1�9�6�7�)�.� �T�h�e� �c�o�m�p�u�t�e�d� �a�v�e�r�a�g�e� �f�o�r� �y�i�e�l�d� �r�e�p�o�r�t�e�d� 

�i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �w�a�s� �5�.�6� �k�g�/�h�a�,� �a�n�d� �w�a�s� �b�a�s�e�d� �o�n� �1�9� �s�t�u�d�i�e�s�.� 

�S�m�a�l�l�m�o�u�t�h� �b�a�s�s� �y�i�e�l�d� �r�e�p�o�r�t�e�d� �b�y� �C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� �(�1�9�9�1�)� �f�o�r� 

�t�h�e� �u�p�p�e�r� �a�n�d� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �w�a�s� �2�.�5� �k�g�/�h�a� �a�n�d� �1�.�5� �k�g�/�h�a�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�;� �5�5�%� �a�n�d� �7�3�%� �b�e�l�o�w� �a�v�e�r�a�g�e�.� 

�T�h�e� �J�a�m�e�s� �R�i�v�e�r� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �r�e�l�a�t�i�v�e�l�y� �l�o�w� 

�a�n�g�l�i�n�g� �p�r�e�s�s�u�r�e� �p�e�r� �h�e�c�t�a�r�e�,� �h�i�g�h� �c�a�t�c�h� �p�e�r� �h�o�u�r�,� �a�n�d� �l�o�w� 

�h�a�r�v�e�s�t� �a�n�d� �y�i�e�l�d� �p�e�r� �h�e�c�t�a�r�e�.� �T�h�i�s� �i�s� �i�n�d�i�c�a�t�i�v�e� �o�f� �a� 

�f�i�s�h�e�r�y� �w�i�t�h� �a� �s�i�g�n�i�f�i�c�a�n�t� �a�m�o�u�n�t� �o�f� �c�a�t�c�h�-�a�n�d�-�r�e�l�e�a�s�e� 

�f�i�s�h�i�n�g�.� �V�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �i�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �i�s� �h�i�g�h�,� 

�r�a�n�g�i�n�g� �f�r�o�m� �5�0� �p�e�r�c�e�n�t� �f�o�r� �l�e�g�a�l� �f�i�s�h� �>�1�4� �i�n�c�h�e�s� �t�o� �n�e�a�r�l�y� 

�1�0�0� �p�e�r�c�e�n�t� �f�o�r� �l�e�g�a�l� �f�i�s�h� �b�e�l�o�w� �1�1� �i�n�c�h�e�s� �(�C�r�e�a�m�e�r� �a�n�d� �O�r�t�h� 

�1�9�9�1�)�.� �S�u�c�h� �a� �h�i�g�h� �c�a�t�c�h�-�a�n�d�-�r�e�l�e�a�s�e� �r�a�t�e� �d�i�m�i�n�i�s�h�e�s� 

�p�o�t�e�n�t�i�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �l�e�v�e�l�s� �o�f� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e� �(�1�0� �t�o� 

�2�4� �p�e�r�c�e�n�t�)�.� �C�l�a�r�k� �(�1�9�8�3�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e



�1�1�8� 

�r�a�t�e�s� �g�r�e�a�t�e�r� �t�h�a�n� �1�0�%� �w�o�u�l�d� �c�h�a�n�g�e� �t�h�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� 

�c�o�n�v�e�n�t�i�o�n�a�l� �c�r�e�e�l� �c�e�n�s�u�s� �e�s�t�i�m�a�t�e�s� �(�b�a�s�e�d� �o�n� �t�h�e� �n�u�m�b�e�r� �o�f� 

�f�i�s�h� �i�n� �t�h�e� �c�r�e�e�l�)� �o�f� �c�a�t�c�h� �a�n�d� �f�i�s�h�i�n�g� �m�o�r�t�a�l�i�t�y�.� �F�o�r� �t�h�i�s� 

�c�r�e�e�l� �s�u�r�v�e�y�,� �e�s�t�i�m�a�t�e�s� �o�f� �c�a�t�c�h� �a�n�d� �h�a�r�v�e�s�t� �w�e�r�e� �b�a�s�e�d� �o�n� �a�n� 

�a�n�g�l�e�r ��s� �r�e�s�p�o�n�s�e� �t�o� �q�u�e�s�t�i�o�n�s� �o�n� �h�o�w� �m�a�n�y� �f�i�s�h� �h�a�d� �b�e�e�n� 

�c�a�u�g�h�t� �a�n�d� �r�e�l�e�a�s�e�d�.� �A� �p�o�t�e�n�t�i�a�l� �b�i�a�s� �d�u�e� �t�o� �r�e�l�i�a�n�c�e� �o�n� �t�h�e� 

�a�c�c�u�r�a�c�y� �o�f� �a�n� �a�n�g�l�e�r ��s� �m�e�m�o�r�i�e�s� �m�a�y� �h�a�v�e� �b�e�e�n� �i�n�t�r�o�d�u�c�e�d�.� 

�T�h�e� �p�r�o�p�o�r�t�i�o�n�a�l� �s�t�o�c�k� �d�e�n�s�i�t�y� �(�P�S�D�)� �p�r�o�v�i�d�e�s� �a�n� �i�n�d�e�x� �o�f� 

�q�u�a�l�i�t�y� �i�n� �a� �f�i�s�h�e�r�y�,� �a�n�d� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �l�e�n�g�t�h� �f�r�e�q�u�e�n�c�y� �o�f� 

�i�n�d�i�v�i�d�u�a�l� �f�i�s�h� �i�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n�.� �P�S�D� �f�o�r� �s�t�r�e�a�m� �s�m�a�l�l�m�o�u�t�h� 

�b�a�s�s� �f�i�s�h�e�r�i�e�s� �a�r�e� �h�i�g�h�l�y� �v�a�r�i�a�b�l�e�.� �A�n�d�e�r�s�o�n� �(�1�9�8�0�)� �p�r�o�p�o�s�e�d� 

�a� �d�e�s�i�r�a�b�l�e� �P�S�D� �(�4�0� �t�o� �6�0�%�)� �f�o�r� �b�a�l�a�n�c�e�d� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� 

�p�o�p�u�l�a�t�i�o�n�s�.� �H�o�w�e�v�e�r�,� �v�a�l�u�e�s� �o�b�s�e�r�v�e�d� �f�o�r� �s�t�r�e�a�m� �s�m�a�l�l�m�o�u�t�h� 

�b�a�s�s� �p�o�p�u�l�a�t�i�o�n�s� �(�F�i�g�u�r�e� �2�9�)� �t�y�p�i�c�a�l�l�y� �f�a�l�l� �b�e�l�o�w� �t�h�i�s� �r�a�n�g�e�.� 

�T�h�e� �r�a�n�g�e� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �w�a�s� �f�r�o�m� �3�%� �o�n� �t�h�e� �N�e�w� 

�R�i�v�e�r� �i�n� �V�i�r�g�i�n�i�a� �(�A�u�s�t�e�n� �a�n�d� �O�r�t�h� �1�9�8�8�)� �t�o� �4�2�%� �o�n� �t�h�e� �T�u�r�k�e�y� 

�R�i�v�e�r� �i�n� �I�o�w�a� �(�P�a�r�a�g�a�m�i�a�n� �1�9�8�4�b�)�,� �w�i�t�h� �a�n� �a�v�e�r�a�g�e� �o�f� �2�0�%� 

�(�N�=�1�7�)�.� �P�r�o�p�o�r�t�i�o�n�a�l� �s�t�o�c�k� �d�e�n�s�i�t�y� �f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r� 

�w�a�s� �3�0�%� �b�e�l�o�w� �a�v�e�r�a�g�e� �(�a�v�e�r�a�g�e� �P�S�D� �r�e�p�o�r�t�e�d� �w�a�s� �1�4�%�)�,� �w�h�i�l�e� 

�f�o�r� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r�,� �P�S�D� �a�v�e�r�a�g�e�d� �3�3�%� �(�o�r� �6�5�%� �a�b�o�v�e� 

�a�v�e�r�a�g�e�)� �(�G�a�r�m�a�n� �e�t� �a�l�.� �1�9�9�1�)�.� 

�R�e�l�a�t�i�v�e� �s�t�o�c�k� �d�e�n�s�i�t�y� �o�f� �t�r�o�p�h�y� �f�i�s�h� �(�R�S�D�-�T�)� �i�s� �a� 

�r�e�f�l�e�c�t�i�o�n� �o�f� �p�o�t�e�n�t�i�a�l� �f�o�r� �t�r�o�p�h�y� �c�a�t�c�h� �i�n� �t�h�e� �f�i�s�h�e�r�y� �(�i�.�e�.�,� 

�t�h�e� �p�r�o�p�o�r�t�i�o�n� �o�f� �s�t�o�c�k� �s�i�z�e� �f�i�s�h� �t�h�a�t� �a�r�e� �o�f� �a� �t�r�o�p�h�y� �s�i�z�e�)�.� 

�T�h�e� �d�e�c�l�i�n�e� �i�n� �h�a�r�v�e�s�t� �o�f� �c�i�t�a�t�i�o�n� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �(�F�i�g�u�r�e� �1�3�)



�1�1�9� 

�i�s� �i�n�d�i�c�a�t�i�v�e� �o�f� �a� �l�a�r�g�e�r� �o�v�e�r�a�l�l� �d�e�c�l�i�n�e� �i�n� �l�a�r�g�e�r� 

�i�n�d�i�v�i�d�u�a�l�s� �i�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n�,� �p�r�o�b�a�b�l�y� �a�s� �a� �r�e�s�u�l�t� �o�f� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �a�n�g�l�i�n�g� �e�f�f�o�r�t� �f�o�r� �t�h�i�s� �s�p�e�c�i�e�s� �o�n� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� 

�d�u�r�i�n�g� �t�h�e� �1�9�8�0 ��s� �(�p�e�r�s�o�n�a�l� �c�o�m�m�u�n�i�c�a�t�i�o�n�,� �J�o�h�n� �K�a�u�f�f�m�a�n�,� 

�R�e�g�i�o�n�a�l� �F�i�s�h�e�r�i�e�s� �M�a�n�a�g�e�r�,� �V�i�r�g�i�n�i�a� �D�e�p�a�r�t�m�e�n�t� �o�f� �G�a�m�e� �&� 

�I�n�l�a�n�d� �F�i�s�h�e�r�i�e�s�,� �O�c�t�o�b�e�r� �1�9�,� �1�9�9�2�)�.� �T�h�e� �f�l�o�o�d� �o�f� �1�9�8�5� �m�a�y� 

�a�l�s�o� �h�a�v�e� �b�e�e�n� �a� �f�a�c�t�o�r�,� �a�s� �t�h�i�s� �m�a�y� �h�a�v�e� �r�e�m�o�v�e�d� �m�a�n�y� 

�i�n�d�i�v�i�d�u�a�l�s� �f�r�o�m� �t�h�e� �s�y�s�t�e�m�.� �A�s�s�u�m�i�n�g� �a�n� �i�n�c�r�e�a�s�e� �i�n� �a�n�g�l�e�r� 

�e�f�f�o�r�t�,� �a�t� �p�r�e�s�e�n�t� �l�e�v�e�l�s� �o�f� �e�x�p�l�o�i�t�a�t�i�o�n�,� �c�a�t�c�h� �a�n�d� �R�S�D�-�T� �o�f� 

�2�0�0�+� �c�i�t�a�t�i�o�n� �s�m�a�l�l�m�o�u�t�h� �(�1�9�8�5�/�1�9�8�6� �h�a�r�v�e�s�t� �l�e�v�e�l�)� �c�a�n�n�o�t� �b�e� 

�s�u�s�t�a�i�n�e�d� �(�F�i�g�u�r�e�s� �3�2�-�3�7�)�.� �A� �s�e�c�o�n�d�,� �a�n�d� �m�a�y�b�e� �e�q�u�a�l�l�y� 

�i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r�,� �i�s� �t�h�a�t� �o�f� �r�e�d�u�c�e�d� �h�a�r�v�e�s�t�,� �d�u�e� �t�o� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �t�h�e� �c�o�n�s�e�r�v�a�t�i�o�n� �e�t�h�i�c�.� �I�t� �i�s� �n�o�t� �k�n�o�w�n�,� �h�o�w�e�v�e�r�,� 

�h�o�w� �m�u�c�h�,� �i�f� �a�n�y�,� �o�f� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �c�i�t�a�t�i�o�n� �h�a�r�v�e�s�t� �m�a�y� �b�e� 

�d�u�e� �t�o� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �o�f� �c�i�t�a�t�i�o�n� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s�.� 

�E�s�t�i�m�a�t�e�s� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� �f�o�r� �f�i�s�h� �l�a�r�g�e�r� �t�h�a�n� �1�4� �i�n�c�h�e�s� 

�w�e�r�e� �b�a�s�e�d� �o�n� �s�m�a�l�l� �s�a�m�p�l�e� �s�i�z�e�s� �a�n�d� �c�o�u�l�d� �n�o�t� �b�e� �s�t�r�a�t�i�f�i�e�d� 

�f�u�r�t�h�e�r�.� �N�e�v�e�r�t�h�e�l�e�s�s�,� �t�h�e� �l�o�w� �R�S�D�-�T� �u�n�d�e�r �� �c�u�r�r�e�n�t� 

�r�e�g�u�l�a�t�i�o�n�s� �s�u�g�g�e�s�t�s� �t�h�a�t� �s�i�z�e� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �c�a�t�c�h� �i�s� �n�o�t� 

�w�h�a�t� �i�t� �o�n�c�e� �w�a�s�.� 

�D�e�n�s�i�t�y� �e�s�t�i�m�a�t�e�s� �f�r�o�m� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �p�o�p�u�l�a�t�i�o�n�s� �v�a�r�y� 

�g�r�e�a�t�l�y�,� �d�e�p�e�n�d�i�n�g� �i�n� �p�a�r�t� �o�n� �r�e�c�r�u�i�t�m�e�n�t� �v�a�r�i�a�b�i�l�i�t�y�.� �V�a�l�u�e�s� 

�b�a�s�e�d� �o�n� �f�i�s�h� �a�p�p�r�o�x�i�m�a�t�e�l�y� �a�g�e�-�1� �a�n�d� �o�l�d�e�r� �(�F�i�g�u�r�e� �3�0�)� �r�a�n�g�e�d� 

�f�r�o�m� �3�2� �f�i�s�h�/�h�a� �o�n� �t�h�e� �M�a�q�u�o�k�e�t�a� �R�i�v�e�r� �i�n� �I�o�w�a� �(�P�a�r�a�g�a�m�i�a�n� 

�1�9�8�4�c�)� �t�o� �3�6�1� �f�i�s�h�/�h�a� �o�n� �t�h�e� �G�a�l�e�n�a� �R�i�v�e�r� �i�n� �W�i�s�c�o�n�s�i�n� �(�F�o�r�b�e�s



�1�2�0� 

�1�9�8�9�)�,� �a�v�e�r�a�g�i�n�g� �1�5�0� �f�i�s�h�/�h�a� �(�N�=�1�0�)�.� �D�e�n�s�i�t�y� �o�f� �s�m�a�l�l�m�o�u�t�h� 

�b�a�s�s� �a�g�e�-�1� �a�n�d� �o�l�d�e�r� �f�o�r� �t�h�e� �J�a�m�e�s� �R�i�v�e�r� �w�a�s� �r�e�p�o�r�t�e�d� �b�y� 

�G�a�r�m�a�n� �e�t� �a�l�.� �(�1�9�9�1�)�.� �D�e�n�s�i�t�y� �f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �w�a�s� �1�0�6� 

�f�i�s�h�/�h�a�,� �w�h�i�l�e� �d�e�n�s�i�t�y� �f�o�r� �t�h�e� �l�o�w�e�r� �J�a�m�e�s� �w�a�s� �c�o�n�s�i�d�e�r�a�b�l�y� 

�l�o�w�e�r� �a�t� �3�7� �f�i�s�h�/�h�a�.� �T�h�e�s�e� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �2�9�%� �a�n�d� �7�5�%� �b�e�l�o�w� 

�a�v�e�r�a�g�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�S�m�a�l�l�m�o�u�t�h� �b�a�s�s� �t�o�t�a�l� �b�i�o�m�a�s�s� �(�F�i�g�u�r�e� �3�1�)�,� �l�i�k�e� �d�e�n�s�i�t�y�,� 

�v�a�r�i�e�s� �c�o�n�s�i�d�e�r�a�b�l�y� �a�m�o�n�g� �d�i�f�f�e�r�e�n�t� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� 

�p�o�p�u�l�a�t�i�o�n�s�.� �T�h�e� �l�o�w�e�s�t� �v�a�l�u�e� �r�e�p�o�r�t�e�d� �w�a�s� �4�.�7� �k�i�l�o�g�r�a�m�s� �p�e�r� 

�h�e�c�t�a�r�e� �o�n� �t�h�e� �M�a�q�u�o�k�e�t�a� �R�i�v�e�r� �i�n� �I�o�w�a� �(�P�a�r�a�g�a�m�i�a�n� �1�9�8�4�b�)�.� �A� 

�m�a�x�i�m�u�m� �v�a�l�u�e� �o�f� �4�2�.�6� �K�g�/�h�a� �w�a�s� �r�e�p�o�r�t�e�d� �f�r�o�m� �t�h�e� �G�a�l�e�n�a� �R�i�v�e�r� 

�i�n� �W�i�s�c�o�n�s�i�n� �(�F�o�r�b�e�s� �1�9�8�9�)�.� �T�h�e� �a�v�e�r�a�g�e� �b�i�o�m�a�s�s� �r�e�p�o�r�t�e�d� �i�n� 

�t�h�e� �l�i�t�e�r�a�t�u�r�e� �w�a�s� �1�5�.�1� �k�g�/�h�a� �(�N�=�1�0�)�.� �G�a�r�m�a�n� �e�t� �a�l�.� �(�1�9�9�1�)� 

�r�e�p�o�r�t�e�d� �a� �m�e�a�n� �b�i�o�m�a�s�s� �f�o�r� �t�h�e� �u�p�p�e�r� �J�a�m�e�s� �R�i�v�e�r� �o�f� �1�1�.�6� 

�k�g�/�h�a�,� �w�i�t�h� �a� �r�a�n�g�e� �o�f� �2�.�4� �t�o� �2�9�.�5� �k�g�/�h�a�.� �M�e�a�n� �b�i�o�m�a�s�s� �f�o�r� 

�t�h�e� �l�o�w�e�r� �J�a�m�e�s� �R�i�v�e�r� �w�a�s� �7�.�8� �k�g�/�h�a�,� �w�i�t�h� �a� �r�a�n�g�e� �o�f� �3�.�3� �t�o� 

�2�1�.�3� �k�g�/�h�a�.� �T�h�e�s�e� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �2�3�%� �a�n�d� �4�8�%� �b�e�l�o�w� �a�v�e�r�a�g�e�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�s�e� �l�o�w� �b�i�o�m�a�s�s� �e�s�t�i�m�a�t�e�s� �p�r�o�b�a�b�l�y� �r�e�f�l�e�c�t� �a� 

�p�o�p�u�l�a�t�i�o�n� �d�o�m�i�n�a�t�e�d� �b�y� �u�n�d�e�r�-�s�i�z�e�d� �i�n�d�i�v�i�d�u�a�l�s�,� �l�e�n�d�i�n�g� 

�a�d�d�i�t�i�o�n�a�l� �s�u�p�p�o�r�t� �t�o� �t�h�e� �i�d�e�a� �t�h�a�t� �t�h�e� �n�u�m�b�e�r� �o�f� �l�a�r�g�e� �a�n�d� 

�c�i�t�a�t�i�o�n�-�s�i�z�e�d� �f�i�s�h� �i�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �i�s� �l�o�w�e�r� �t�h�a�n� �w�h�a�t� 

�e�x�i�s�t�e�d� �n�e�a�r�l�y� �a� �d�e�c�a�d�e� �a�g�o�.� 

�H�a�r�v�e�s�t� �R�e�g�u�l�a�t�i�o�n�s� 

�T�h�e� �p�u�r�p�o�s�e� �o�f� �t�h�i�s� �m�o�d�e�l� �w�a�s� �t�o� �p�r�e�d�i�c�t� �c�h�a�n�g�e�s� �i�n� �a� 

�f�i�s�h�e�r�y� �a�n�d� �t�h�e� �f�i�s�h� �p�o�p�u�l�a�t�i�o�n� �d�u�e� �t�o� �a� �c�h�a�n�g�e� �t�o� �m�o�r�e



�1�2�1� 

�r�e�s�t�r�i�c�t�i�v�e� �r�e�g�u�l�a�t�i�o�n�s� �a�t� �a� �g�i�v�e�n� �l�e�v�e�l� �o�f� �v�o�l�u�n�t�a�r�y� �r�e�l�e�a�s�e� 

�a�n�d� �a�n�g�l�e�r� �n�o�n�-�c�o�m�p�l�i�a�n�c�e�.� �R�e�l�a�t�i�v�e�l�y� �f�e�w� �s�t�u�d�i�e�s� �h�a�v�e� �b�e�e�n� 

�d�o�n�e� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �a�n�g�l�e�r� �b�e�h�a�v�i�o�r� �a�n�d� 

�h�a�r�v�e�s�t� �r�e�g�u�l�a�t�i�o�n�s� �o�n� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�i�e�s�.� �M�o�s�t� �h�a�v�e� 

�e�x�a�m�i�n�e�d� �l�a�r�g�e�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�i�e�s�,� �w�h�i�c�h� �m�a�y� �n�o�t� �b�e� 

�a�p�p�l�i�c�a�b�l�e� �t�o� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �f�i�s�h�e�r�i�e�s� �d�u�e� �t�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� 

�t�h�e� �t�w�o� �s�p�e�c�i�e�s� �a�n�d� �t�h�e�i�r� �h�a�b�i�t�a�t�s�.� �T�h�e� �m�o�d�e�l� �r�e�s�u�l�t�s� �a�r�e� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�o�s�e� �f�e�w� �s�t�u�d�i�e�s� �w�h�e�r�e� �h�a�r�v�e�s�t� �r�e�g�u�l�a�t�i�o�n�s� �h�a�v�e� 

�b�e�e�n� �e�v�a�l�u�a�t�e�d� �f�o�r� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �p�o�p�u�l�a�t�i�o�n�s�.� 

�T�h�e� �m�o�s�t� �c�o�m�m�o�n�l�y� �a�p�p�l�i�e�d� �r�e�g�u�l�a�t�i�o�n� �i�n� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� 

�f�i�s�h�e�r�i�e�s� �i�s� �t�h�e� �1�2�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�.� �M�o�d�e�l� �r�e�s�u�l�t�s� 

�c�a�n� �b�e� �c�o�m�p�a�r�e�d� �t�o� �a�n� �u�n�r�e�g�u�l�a�t�e�d� �s�i�t�u�a�t�i�o�n� �o�n� �t�h�e� �s�a�m�e� �s�t�r�e�a�m� 

�i�n� �s�e�v�e�r�a�l� �f�i�e�l�d� �i�n�v�e�s�t�i�g�a�t�i�o�n�s�.� �F�o�r� �s�i�m�p�l�i�c�i�t�y�,� �t�h�e� �u�p�p�e�r� 

�J�a�m�e�s� �R�i�v�e�r� �r�e�s�u�l�t�s� �a�r�e� �u�s�e�d� �f�o�r� �t�h�e�s�e� �c�o�m�p�a�r�i�s�o�n�s�.� 

�C�a�t�c�h� �r�a�t�e� �w�a�s� �p�r�e�d�i�c�t�e�d� �t�o� �i�n�c�r�e�a�s�e� �f�r�o�m� �0�.�9�4� �(�n�o� 

�r�e�g�u�l�a�t�i�o�n�s�)� �t�o� �0�.�9�8� �(�1�2�-�i�n�c�h� �m�i�n�i�m�u�m�)� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �p�e�r� 

�h�o�u�r� �(�T�a�b�l�e� �1�8�)�.� �P�a�r�a�g�a�m�i�a�n� �(�1�9�8�4�b�,� �1�9�8�4�c�)� �o�b�s�e�r�v�e�d� �a�n� 

�i�n�c�r�e�a�s�e� �f�r�o�m� �0�.�0�5� �t�o� �0�.�2�2�;� �A�u�s�t�e�n� �a�n�d� �O�r�t�h� �(�1�9�8�4�)� �a�n�d� �F�l�e�e�n�e�r� 

�(�1�9�7�4�b�)� �a�l�s�o� �o�b�s�e�r�v�e�d� �h�i�g�h�e�r� �c�a�t�c�h� �r�a�t�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �a� �1�2�-� 

�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t�,� �f�r�o�m� �1�.�0�5� �t�o� �1�.�3�3� �a�n�d� �0�.�0�3� �t�o� �0�.�1�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� 

�H�a�r�v�e�s�t� �w�a�s� �p�r�e�d�i�c�t�e�d� �t�o� �d�e�c�l�i�n�e� �f�r�o�m� �5�.�5� �(�n�o� 

�r�e�g�u�l�a�t�i�o�n�s�)� �t�o� �3�.�8� �(�1�2�-�i�n�c�h� �m�i�n�i�m�u�m�)� �f�i�s�h� �p�e�r� �h�e�c�t�a�r�e� �(�T�a�b�l�e� 

�1�8�)�.� �M�a�r�k�e�d� �d�e�c�l�i�n�e�s� �i�n� �h�a�r�v�e�s�t� �w�e�r�e� �r�e�p�o�r�t�e�d� �b�y� �P�a�r�a�g�a�m�i�a�n� 

�(�1�9�8�4�b�,� �1�9�8�4�c�)� �a�n�d� �F�l�e�e�n�e�r� �(�1�9�7�4�a�,� �1�9�7�4�b�)�.� �A� �s�l�i�g�h�t� �i�n�c�r�e�a�s�e
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�1�2�3� 

�i�n� �h�a�r�v�e�s�t� �w�a�s� �o�b�s�e�r�v�e�d� �o�n� �C�o�u�r�t�o�i�s� �C�r�e�e�k� �(�F�a�j�e�n� �1�9�7�5�,� �1�9�8�1�)�,� 

�b�u�t� �i�s� �l�i�k�e�l�y� �t�h�e� �r�e�s�u�l�t� �o�f� �t�h�e� �i�n�t�e�r�v�e�n�i�n�g� �y�e�a�r�s� �u�n�d�e�r� �a� 

�c�a�t�c�h�-�a�n�d�-�r�e�l�e�a�s�e� �r�e�g�u�l�a�t�i�o�n�.� 

�Y�i�e�l�d� �w�a�s� �p�r�e�d�i�c�t�e�d� �t�o� �d�e�c�l�i�n�e� �f�r�o�m� �1�.�3� �(�n�o� �r�e�g�u�l�a�t�i�o�n�s�)� 

�t�o� �1�.�1� �(�1�2�-�i�n�c�h� �m�i�n�i�m�u�m�)� �k�i�l�o�g�r�a�m�s� �p�e�r� �h�e�c�t�a�r�e� �(�T�a�b�l�e� �1�8�)�.� �A� 

�s�l�i�g�h�t� �d�e�c�l�i�n�e� �i�n� �y�i�e�l�d� �w�a�s� �r�e�p�o�r�t�e�d� �b�y� �F�l�e�e�n�e�r� �(�1�9�7�4�a�)� �f�o�r� 

�H�u�z�z�a�h� �C�r�e�e�k� �i�n� �M�i�s�s�o�u�r�i� �a�n�d� �F�l�e�e�n�e�r� �(�1�9�7�5�b�)� �f�o�r� �B�i�g� �P�i�n�e�y� 

�R�i�v�e�r� �i�n� �M�i�s�s�o�u�r�i�.� �F�a�j�e�n� �(�1�9�8�1�)� �a�l�s�o� �o�b�s�e�r�v�e�d� �s�l�i�g�h�t� �d�e�c�l�i�n�e�s� 

�i�n� �y�i�e�l�d� �f�o�r� �s�t�r�e�a�m�s� �i�n� �M�i�s�s�o�u�r�i�.� 

�T�h�e� �m�o�d�e�l� �p�r�e�d�i�c�t�s� �a� �s�l�i�g�h�t� �i�n�c�r�e�a�s�e� �i�n� �P�S�D� �f�r�o�m� �1�1�%� �t�o� 

�1�2�%� �i�f� �a� �1�2�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t� �i�s� �i�m�p�o�s�e�d� �(�T�a�b�l�e� �1�8�)�.� 

�G�e�n�e�r�a�l�l�y�,� �f�i�e�l�d� �s�t�u�d�i�e�s� �h�a�v�e� �s�h�o�w�n� �P�S�D� �t�o� �i�n�c�r�e�a�s�e� �(�F�a�j�e�n� 

�1�9�7�5�a�,� �1�9�7�5�b�;� �P�a�r�a�g�a�m�i�a�n� �1�9�8�4�b�,� �1�9�8�4�c�)�.� �K�a�u�f�f�m�a�n� �a�n�d� �S�m�i�t�h� 

�(�1�9�8�7�)� �o�b�s�e�r�v�e�d� �a� �d�e�c�r�e�a�s�e� �i�n� �P�S�D�,� �w�h�i�c�h� �w�a�s� �a�t�t�r�i�b�u�t�e�d� �t�o� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �t�o�t�a�l� �m�o�r�t�a�l�i�t�y�.� �A�u�s�t�e�n� �a�n�d� �O�r�t�h� �(�1�9�8�8�)� �o�b�s�e�r�v�e�d� 

�l�i�t�t�l�e� �c�h�a�n�g�e� �i�n� �P�S�D�,� �w�h�i�c�h� �t�h�e�y� �a�l�s�o� �a�t�t�r�i�b�u�t�e�d� �t�o� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �m�o�r�t�a�l�i�t�y� �a�n�d� �a� �d�e�c�l�i�n�e� �i�n� �g�r�o�w�t�h� �r�a�t�e�.� 

�D�e�n�s�i�t�y� �w�a�s� �p�r�e�d�i�c�t�e�d� �t�o� �i�n�c�r�e�a�s�e� �v�e�r�y� �s�l�i�g�h�t�l�y�,� �f�r�o�m� �1�2�1� 

�(�n�o� �r�e�g�u�l�a�t�i�o�n�s�)� �t�o� �1�2�3� �(�1�2�-�i�n�c�h� �m�i�n�i�m�u�m�)� �s�m�a�l�l�m�o�u�t�h� �b�a�s�s� �p�e�r� 

�h�e�c�t�a�r�e� �(�T�a�b�l�e� �1�8�)�.� �P�a�r�a�g�a�m�i�a�n� �(�1�9�8�4�b�,� �1�9�8�4�c�)� �o�b�s�e�r�v�e�d� �a� 

�l�a�r�g�e� �d�e�c�l�i�n�e� �i�n� �d�e�n�s�i�t�y� �f�r�o�m� �2�3�2� �t�o� �3�2�,� �w�h�i�c�h� �w�a�s� �e�x�p�l�a�i�n�e�d� 

�b�y� �w�e�a�k� �y�e�a�r� �c�l�a�s�s�e�s� �f�r�o�m� �p�r�i�o�r� �r�e�c�r�u�i�t�m�e�n�t� �f�a�i�l�u�r�e�s�.� 

�T�h�e� �m�o�d�e�l� �r�e�s�u�l�t�s� �c�o�m�p�a�r�e� �f�a�v�o�r�a�b�l�y� �t�o� �f�i�e�l�d� �s�t�u�d�y� 

�r�e�s�u�l�t�s� �w�h�e�r�e� �a� �1�2�-�i�n�c�h� �m�i�n�i�m�u�m� �l�e�n�g�t�h� �l�i�m�i�t� �w�a�s� �i�m�p�o�s�e�d�.� �T�h�e� 

�c�o�n�t�r�a�d�i�c�t�o�r�y� �r�e�s�u�l�t�s� �e�v�i�d�e�n�t� �i�n� �s�o�m�e� �s�t�u�d�i�e�s� �c�a�n� �b�e� �e�x�p�l�a�i�n�e�d


