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EXECUTIVE SUMMARY 

Smith, M.H.; Baird, SJ. (200.5). Factors that may inhence the level of incidental mortality of New 
Zealand sea Lions (Phocarctos hooken? in the squid (Nototodarus spp.) trawl Eshery in SQU 61: 

New ZecrIond Fisheries Assessment Report ZOOSEO. 35 p. 

This document describes the analysis carried out for addressing Specific Objective 1 of ENV2000102: 
to examine factors that may influence the rate of capture of New Zealand [Hooker's] sea lions in the 
SQU 6Tsquidfihery. including spatial and temporal variabiliry in capture rates. 

Twenty variables were examined to measure their effects on the capture rate of New Zealand sea 
lions in the SQU 6T squid trawl fishery for the seasons (January-June). 1992-2002, using data 
primarily from the Ministry of Fisheries observer programme. Capture models were fitted to all sea 
lion captures, female sea lion captures, and male sea lion captures using stepwise regression for 
Poisson Generalised Linear Models with log link functions. 

After each model was fitted, variables were ranked in importance by the change in deviance that 
occurred when the variable was removed, if the variable were already included in the model, or when 
the variable was added, if it were not already included in the model. 

The two most important variables affecting capture rate, for female sea lions, were year followed by 
the distance from the nearest rookery. For male sea lions, year was the most important variable and 
second in importance was the number of days into the season. Both these results make biological 
sense because females need to be close to their pups and males leave the rookeries to feed early in the 
squid-fishing season after mating. The variable identifying whether a net has the sea lion exclusion 
device fitted with the cover net open was also important and affected capture rates of males 
differently, though the difference was not significant. Duration of tow was also an important variable 
for females, but not for males. 

Other variables, for which some effects were indicated, were, for females, whether the tow included a 
change in direction and, for males, the time of day. Most other variables show effects that are too 
small for this data set to identify as being significant. Care was taken to ensure that the models were 
not over-fitted. 



1. INTRODUCTION 

The New Zealand (Hooker's) sea lion, Phocarctos hooken, is the only endemic pinniped in New 
Zealand, with 95% of the annual pup production occurring at the three breeding locations in the 
Auckland Islands group, on Enderby Island, Dundas Island, and Figure of Eight Island (Figure 1) 
(Gales & Fletcher 1999). New Zealand sea lions are gazetted as "threatened" under the World 
Conservation Union (NCN) and the New Zealand Department of Conservation (DOC) threat 
classification systems (Hilton-Taylor 2000, Hitchmough 2002). The species is protected under the 
Wldlife Act 1953 and the Marine Mammals Protection Act 1978. Statutory obligations require the 
Ministry of Fisheries (MRsh) to monitor the bycatch of associated or dependent species during 
.commercial fishing operations in New Zealand waters. The h4Fish Scientific Observer Programme 
collects data on the incidental catch of New Zealand sea lions as part of its monitoring programme. 

The total population was estimated at 11 376 (with a 95% confidence interval of 9896 to 13 058) in 
2001 (I. Wilkinson, DOC, pers. coma). Mature sea lions return to the colonies during October- 
November and pupping occurs from the fmt week in December to the third week in January (Gales & 
Fletcher 1999, Lalas & Bradshaw 2003). After the birth of a single pup, mating occurs. Males then 
disperse away from the islands, and females remain with their single pup, with their foraging zone 
restricted until weaning is over (by October) (Cawthom 1993). 

New Zealand sea lions are generalist feeders with a diet comprised mainly of fish, cephalopods, and 
crustaceans. They forage over most of the Auckland Islands shelf, preying on pelagic and benthic 
species in shallow waters and waters deeper than 300 rn (Childerhouse et al. 2001). These sea lions 
can dive to at least 550 m (mean maximum dive depth of 353 * 164 m), with a mean diving depth of 
124 i 36 m (Costa & Gales 2000). Gales & Mattlin (1997) suggest, that the foraging strategy of 
lactating female sea lions is determined by bathymetry and food availability in areas within their 
foraging range and noted that sea lions were feeding close to Enderby Island. Their study indicated 
that a lactating sea lion could access the entire Auckland Islands Shelf in one foraging trip. 

The foraging area and depths used by New Zealand sea lions overlap with the concentration of the 
squid (Nototodams spp.) trawl fishery around the Auckland lslands during February to June, resulting 
in the incidental capture of sea lions. The fishery has an allowable catch of over 32 000 t of squid, 
though since 1996 catches have fluctuated, with annualreported catches between 950 t and 19 840 t 
(Annala et al. 2003). In recent years the fishery has been restricted by management policies aimed at 
protecting New Zealand sea lions. This is managed by a l i t  placed on the incidental take of sea 
lions for each season, known as the MAL,Fi i  (maximum allowable level of fishing related 
mortality). This is monitored by in-season estimation based on data from the industry and Ministry of 
Fisheries observers. 

Vessels operate under a code of practice designed to minimise marine mammal capture and have been 
restricted to fishing outside a 12 n. mile zone around the Auckland Islands since 1982. In recent squid 
fishing seasons, mitigation devices known as Sea Lion Exclusion Devices (SLEDS) (Anon. 2002) 
have been used in the trawl nets as part of at-sea trials to test the effectiveness of the device in 
ejecting sea lions. When a SLED is in place, the net has a cover net that provides a potential escape 
route for the animals when it is left open. Video recordings of the net area have been made in recent 
years for many tows, both with and without SLEDs, in an attempt to evaluate the effectiveness of the 
device, but results are not conclusive because of visibility difficulties. 

All caphued New Zealand sea lions that were landed dead and returned to shore were autopsied under 
a Conservation Services hogramme (CSP) project (see Duignon et al. 2003). For the years spanned 
by this project, New Zealand sea lions were autopsied for all seasons since 1996, except 1998, when 
no animals were returned. In that year, a mass mortality event occurred and was reported by DOC 
researchers during their fieldwork at the Dundas Island and Sandy Bay (Enderby Island) colonies. 



Doonan (2001) showed evidence of an increase in strike rate of New Zealand sea lions through time 
and recommended that further data would be needed to examine the trend in sea lion strike rate. More 
than 10 years of data now exist for the sea lionsquid fishery interaction. 

Many different variables may influence the rate at which sea lions are caught in fishing operations. 
The variables can be grouped into those that are associated with the abundance of sea lions local in 
time and space, and those that are associated with fishing practices that may affect the catchability of 
sea lions. In the former category there are the position variables and depth (relating to sea lions' 
preferred feeding habitat), distance from rookery, year (or season), time of year, time of day, and 
environmental variables such as sea temperature. In the latter category are vessel characteristics such 
as length and power, vessel nationality, mitigation methods used, application of Industry Code of 
Practice, gear type, tow path used, duration of tow. speed of tow, headline height, amount of squid 
caught, whether a SLED is present and if the cover net is open, and the presence of the video camera. 

2. METHODS 

2.1 ' Fishery data sources and treatment 

Data were extracted from Ministry of fisheries observer database obs for the fishing seasons January- 
June for 1992 to 2002. The Minishy of fisheries also provided vessel specification data for the 
trawlers observed dwing this period, including nationality, length, breadth, and power. The New 
Zealand sea lion data are from the obs-lfs database, and the fist records of New Zealand sea' lion 
captures in this database are from 1992. 

Data were extracted for all tows that targeted squid (Nototodam spp.) in the Auckland Islands part of 
SQU 6T (see Figure 1). Initially all available variables were extracted to determine which had 
consistent records and were appropliate to the investigation. Some data that relate to the fishing 
operation were recorded only on the Stock Monitoring Programme Non-fish Bycatch forms, but not 
on the observer forms that provide the basis for the Ministry of Fisheries obs database. Thus, some 
information is available only for those tows that caught a New Zealand sea lion. For example, the 
timing of dumping of offal is recorded only on bycatch forms. 

Error checking of the data included correcting where possible, any obviously incorrect or unlikely 
positions, gear codes, nationality, depth, etc. Where there were equivalent variables, commercial 
effort data were used to amend records. This was especially important in the reporting of gear code. 
The use of these data in other work (S.J. Baird & N.W. Bagley, pers. c o r n )  has shown that, for 
some tows, observers have reported where the net fished, rather than the actual net type used. For 
example, a midwater net used on or near the bottom has been recorded as a bottom tow. Observers 
also record the path of each tow as a code representing: where the net fished in the water column; the 
configuration of the tow (straight line, "U" bend, etc) that also included options such as pinnacle 
fishing or following a constant depth contour, and the number of tums per tow. These variables are 
not strictly comparable. However, 58% of observed tows were recorded as straight l i e  tows on the 
seafloor with no tums made. Another 22% were straight-line tows along a constant depth contour 
with no turns made. A breakdown of these records is given in Table 1. 

Inconsistent recording of sea surface temperature (SST) and headline temperature by observers 
resulted in these variables being dropped: 51% of records have no SST values and 46% of the New 
Zealand sea lions captures were observed during tows with no SST values. About 30% of headline 
temperature records had no values and the associated tows accounted for 30% of the sea lion captures. 
Sea surface temperature data for the date and position of al l  observed tows were subsequently 
obtained from the NtWA satellite database, as were the SST anomaly data (difference kom the 
average sea surface temperature for the date and start position of the tow). 



The following observed variables were included to characterise the fishery: start date. time, and 
position data (latitude and longitude); end time, depth of fishing gear md seabe& gear type and 
headline height; towing speed: tow path (where fished in the water column, configuration, and 
number of turns); vessel size, power, and nationality, number of New Zealand sea lions observed 
caught (including sex and life status). 

Other data sources 

Autopsy reports (for example, Duignan et al. 2003) were used to obtain verification of the species 
caught as well as sex for each New Zealand sea lion. This autopsy information is available for all 
seasons since 1996, except 1998. 

Sea surface temperature data were sourced from the NIWA satellite SST database. This was used in 
preference to the observer recorded SST readings because of many -missing values and possible 
calibration problems of thermometers between vessels. Locations of the New Zealand sea lion 
colonies in the Auckland Islands group were used to estimate distance of each capture from the 
nearest colony (see Figure 1, right hand panel). The provenance of only a few of the animals caught is 
known (from tagging studies undertaken by Do€ on the breeding population at Sandy Bay on 
Enderby Island). 

2.2 Variables examined for their effects on capture rates 

From the variables that were recorded in the data sources the following were chosen to be examined 
for their capacity to predict capture rates of sea lions (the name given each variable is written in 
Courier font): 

Year - year, this fishery generally operates between January and June, with most fishing 
carried out in of February to May. Calendar year is used and this variable equates to season. 
Distance from the nearest rookery - dist . col, great circle distance from the start position 
of the tow to the nearest sea lion rookery. This is a variable describing position of the tow. 
Day of year - day. no, day of tow numbered from the start of the calendar year. 
Nation -nation, nation of origin of vessels. Vessels from Russia and Ukraine are grouped 
as CIS (Commonwealth of Independent States). All vessels under charter to New Zealand 
companies were classified according to their nation of origin. One Chinese vessel was 
observed in the years 1995 and 1997 and vessels originating from Japan, Korea, New 
Zealand, and Poland have been observed through in the period 1992-2002 cable 2 and 
Figure 2). Ofthe 129 vessels that appeared in the fishery, 63 were observed at least once (see 
Smith & Baird 2005, table 4). 

= Power - power, power of vessel (kW). 
Length - length overall length of vessel (m) 
Gear type - gear, whether a midwater (MW) or bottom trawl (EIT) net type is used. Of the 
observed effort 76% used midwater nets, the main gear type used by CIS (94% observed 
tows) and Polish (100% observed tows) vessels. The remaining 25% used bottom trawl nets; 
100% of New Zealand tows, 97% for Korean tows, and 70% of Chinese and Japanese tows 
used bottom nets. 
Headline height - headline, height of the headline above the ground-rope. 
Netdepth - netdepth, depth of ground-rope of the net at the start of each tow. 
Tow path - this descriptor comprises three separate variables: towpath, where the net 
fished in the water column; towconf ig, the tow configuration (see Table 3 for the 
categories of towpath and towconf i s ) ;  and number. turns, the number of turns by 
the vessel during the trawl. Table 4 gives the numbers of observed tows in the various 
combinations of the three variables. 



Daylnight category - DN. An algorithm (from Meeus 1998) was used to calculate the local 
position of the sun at the start and end of each tow. Each tow was then assigned to one of four 
categories: entirely in daytime, entirely at nighttime, including dawn, including dusk. 
Duration of tow - d u r a t i o n ,  this was determined from the start and end times of each 
tow, where the skut time represents the time the net began to fish (hours). 
Sea surface temperature - sst, the sea surface temperature is assigned to each tow from the 
NIWA satellite database using date and position. 
Sea surface temperature anomaly - sst . anom, the deviation of the SST at a position and 
date from the average over past years. 
SLED - s l e d ,  whether the SLED was present or not, and if so whether the cover net was 
open or tied down. 
Catch - c a t c h ,  catch of squid for the tow (kg). 
Speed - speed speed of vessel during tow (knots). 
Camera - camera, whether a net video camera was present. 

Closer examination of the three tow type variables indicated a great imbalance in the number of tows 
present in the various combinations of the three variables. With the approval of the Aquatic 
Environment Working Group (AFiWG) three new variables were defined to replace the three tow type 
variables. Each of the new. variables has only two categories since parsimony is desirable because. 
though there are 4490 tows in the complete data set, only 157 of these have sea lion capture incidents. 
The new variables towbot, towl ine ,  and t o w t u r n  are defined in Table 5 by regrouping the 
categories of the old variables. 

It is expected that a net with the SLED present and the cover net tied down will have a similar sea 
lion catch rate to a net with no SLED device; thus a new variable, cover, is also defined by grouping 
two categories of sled (see Table 5). This variable is examined in conjunction with sled in the 
fitting prwess, though only one of the variables. will be included in any model. Similarly the DN 
variable categorising timing of the tow was regrouped to give a variable with only two categories. 
The variable is l i g h t  and the details of the regrouping are given in Table 5. Again, both DN and 
l i gh t  are available to be included in any model but only one can be. 

Analysis of any diierences in the predictive capacity of the variables between the sexes requires the 
sex of the capnued animals to be identified. The sex of autopsied sea lions (n = 119) is taken ftom the 
DOC autopsy reports, where available, otherwise the observer records are used (n = 52). The sex of 
one of the 172 sea lions captured is undetermined. 

Finally two observed tows had zero duration and did not appear in the TCEPR effort data. It is likely 
that these were aborted tows and they were omitted from the data used for the model fitting. This left 
the 4490 tows in the complete data set for model fitting. 

The complete set of variables used in the analysis is given in Table 6 along with the classification as a 
factor variable (i.e., categorical) or a continuous variable. 

2.3 Model fitting 

To determine the importance of the variables as predictors of the capture rate of New Zealand sea 
lions we will first fit a Generalised Linear Model (GLM) to the sea lion capture data. Once a model is 
fitted, the impo-ce of a variable that is included in the model is determined by the magnitude of the 
change in deviance when that variable is omitted from the model. The order of importance of each 
remaining variable is determined by the reduction in deviance that occurs when adding that variable 
alone to the model. We use number of sea lions captured as the response variable, which includes 
both dead and live captures. Little is hown about the subsequent survival of animals captured live 



and then released and it seems prudent to use all the data and model all captures 'rather than just 
captures of dead animals. 

Because the response variable is in the form of counts of the number of sea lions captured, it is 
natural to use the Poisson probability model, and it is especially appropriate for this study where the 
counts are small. However, the data comprise many zeros (n = 4333 tows), and only 157 of the 4490 
tows had sea lion capture incidents (Table 7). Most information relating variables to capture rates is 
contained in the capture incidents, and the absence of captures effectively only contributes to the size 
of the mean capture rate. Because of the paucity of data, there is a real danger of over-fitting models 
and modelling random incidents as if they are real effects. 

If a Poisson model is fined to the raw data with no explanatory variables; then the residuals will 
usually have a variance that is bigger than the fitted mean. This indicates "over-dispersion", which is 
to be expected because we hope to fit a model where the important variables explain some of the 
variation. We use the size of the overdispersion as an indication of possible over-fitting. There is 
likely to be over-fitting when the estimated overdispersion parameter of a model is well below 1. The 
overdispersion parameter for a particular model is estimated by refitting the model using the quasi- 
likelihood Poisson method (see Venables & Ripley 20M, chapter 7). 

The statistical package R @laka & Gentleman 1996) is used to fit the models and create the tables 
and figures. The procedure will fit the GLM Poisson models with the log link function in a stepwise 
manner. In this form the log link function means that variables act on the mean capture rate in a 
multiplicative way. The stepwise process starts with the null model that has a constant capture rate 
and the null deviance (deviance for the null model) is calculated. Variables are added one at a time 
until no variable will reduce the deviance by more than 1% of the null deviance. Additional checks 
are made on the overdispersion parameter as a measure of over-fitting. Also the Akaike Information 
Criterion (AK) is calculated for reference, in particular when one of the pairs of variables (s led ,  
cover )  or (DN, l i g h t )  enter the model. At each step the effect on the change in deviance of 
replacing a variable already in the model with a prominent candidate variable is also checked in an 
informal manner. The effect on the estimates and standard errors of the model components, of adding 
the new variable, is also examined because colinearity can make estimates become very unstable and 
the standard errors blow out. This is often a problem when interaction terms are. added to a model. 

Continuous variables can be fitted as polynomial functions of the variable and, in some cases, as 
polynomial functions of the logarithm of the variable. It is appropriate to use the logarithm of a 
variable, when the variable is always positive and has a natural reference point that it is measured 
against. For example day. no is not appropriate as the start of the year is arbitrary. sst . anom takes 
negative values. sst could be measured relative to absolute zero, but because the changes are so 
small relative to temperatures measured on the Kelvin scale there will be very little difference 
whether the logarithm is used or not. It would also be possible to measure sst relative to the boiling 
point of'water, as this is an absolute upper limit for sea surface temperature. Again the variation is 
relatively small compared with the temperature as measured from the boiling point of water and 
consequently log(sst) was not considered. 

Except for netdepth, the other continuous variables, d u r a t i o n ,  d i s t  . c o l ,  length power, 
speed, catch and headline, can appear in the model either in logarithm form or not. The order 
of polyno&al to be used for a continuous variable was determined by using the order for which the 
highest order coefficient is significant in the fitted model. The order of the polynomial was 
determined for each variable and for the logarithm if appropriate. The logarithm of the variable was 
used if it gave a larger reduction in deviance. For every variable where the logarithm was available, it 
resulted in a larger reduction in deviance. 

The data set we used for fitting models was reduced by 23 tows from the original data set containing 
4490 tows by removing tows with missing values for any of the predictor variables. Twenty-three 



tows were removed from the data set for this reason. Missing values obstruct the stepwise fitting 
process but it should be noted that no sea lion captures were recorded for any of the tows removed. 

Most incidents caught one sea lion only (see Table 4). Therefore the tow in the 2002 season that 
caught four sea lions was omitted from the analysis (with the approval of the AEWG) because its 
strong influence would distort the analysis. The final data set for fitting the model for sea lion 
captures comprised 4466 tows. 

Part of the requirement for the project was to examine any differences between the sexes in those 
variables that might affect capture rates. We decided to cany out the model fitting described above 
separately for female sea lion captures and male sea lion captures and produce a list of the important 
variables for each. The models for each sex can then include different variables. The tow that had one 
sea lion capture where the sex of the animal was undetermined was omitted from the data set used to 
fit females and males separately. This meant that 4465 tows were used to fit the female and male sea 
lion capture models. 

3. RESULTS AND DISCUSSION 

3.1 Exploratory analysis 

Some exploratoly tabulation of captute numbers and plotting of start positions of observed tows with 
capture incidents was carried out to investigate the relationships between some of the variables. These 
can be misleading as they look only at the variables in question on their own and may suggest 
spurious associations. We include them for interest. but rely on the fitted models for measuring the 
importance of variables. 

The distribution of the start positions of observed tows with capture incidents relative to that for all 
observed tow positions for all years is given in Figure 1 and for individual years in Figure 3. These 
plots show where effort and captures occurred .but do not reveal much infortnation about capme 
rates. For this reason the series of plots in Figure 4 made, in which the SQU 6T region was divided 
into rectangles with sides of length 0.05" latitude and 0.05" longitude. The plots show the density of 
the start positions of observed tows in each rectangle and capture rates in each cell for the years 
1992-2002 and all years combined. However, there are so few annual capture incidents (ranging 
between 3 and 35) that little emphasis should be placed on the capture rate plots. The combined plot, 
which includes all 157 capture incidents, does show that the rate is a little raised in the intensive 
fishing ground due north of the Auckland Islands, compared with the rest of the fishery. 

Vessel effects were examined by plotting the total effort and the total number of captures for each 
vessel through the 11 seasons in Figure 2. The numbers of captures for each vessel in a season are 

' drawn on a scale related to the mean rate for all tows in that season. If the bar for the number of 
captures is longer than the effort bar, then the capture rate for the vessel is higher than the season 
average; alternatively, if it is shorter then the capture is lower than the season rate. The plot indicates 
that there could be vessel effects, though we have not modelled them in this analysis. Any vessel 
effects are best modelled as random effects that contribute to the overall variance as has been done in 
Smith &Baud (2005). 

Tows completed entirely in the night appear to have a lower capture rate than tows at other 
GmesVable 8). For this reason we defined the variable light, which grouped the thee  categories of 
DN that had at least part of the tow in daylight. 

The relationship between capture rates and SLED use is an interesting example of how examining the 
effect of a variable on its own can be misleading in an undesigned experiment. The use of a SLED 
with the cover tied down appears to have a higher rate of sea Lion capture than a net with no SLED 



(Table 9). This is because SLEDS with covers tied down were extensively used in 2001 when the 
capture rate was much higher than in other years. 

3.2 Model fitting 

After the preliminruy round of model fitting we were asked to look at the additional variables speed 
and catch that is the speed of the vessel during the tow and the total catch of squid for the tow. 
There are 153 tows in the data that were used for fitting the model with missing values for either the 
speed or the catch variable (67 tows with speed missing and 88 tows with catch missing including 2 
tows with both missing) and, of these tows, 3 had sea lion capture incidents. To maintain the 
maximum possible data set, we decided to continue to use the original data set but to check back at 
each stage of the stepwise process for any effect of each of the speed and catch variables by 
fitting the current model to the data set with missing values for the variable removed. The effect of 
adding the variable to the current model can then be checked on that data set. At no time did either 
variable become a candidate for inclusion in any of the three models (all sea lions, female sea lions, 
and male sea lions) that were fitted. 

The power variable appeared to have substantial predictive capacity in the models as a second order 
polynomial in the logarithm of power. This was reported, following the preliminary results, at an 
Aquatic Environment Working Group meeting where it was suggested that the effect might be 
strongly influenced by the substantial numbers of sea lions that were caught in the early years covered 
in this study by vessels ofrelatively low power. This was true, and when the data set was restricted to 
those vessels with power greater than 1500 kW the relative importance of the power variable was 
greatly reduced. In the fitting process, when power was a candidate variable it was checked against 
the reduced data set of the higher powered vessels in the same manner as for the speed and catch 
variables. Vessels with power less than or equal to 1500 kW carried out 114 tows and caught 11 sea 
lions (4 females and 7 males). 

Details of the model fitting process for the three models follow and summaries are given in Table 10. 

All sea lions 
For this model the sex of the animal caught is ignored and the fined model will be in some sense an 
average of the models for females and males. 

From Table 10 we see that the null mode1 has a residual deviance of 1135 on 4465 degrees of 
freedom with an overdispersion estimate of 1.105, or about 10.5% overdispersed. Asymptotic 
normal theory for GLMs suggests that a model with a residual deviance approximately equal to the 
number of residual degrees of freedom is fitting well. For Poisson models where the capture mte is 
about 3.76%. the mean rate overall years, the expected residual deviance is only 0.251 per degree of 
freedom; so we are fitting models in situations where the asymptotic normal inference results do not 
apply. This means that p-values and confidence intervals should be treated with great scepticism. 
What this also means is that the null model is fitting data quite well because the residual deviance for 
the null model is 0.254 times the residual number of degrees of freedom. This highlights the lack of 
information that can be extracted about the effects of variables on the capture rate and that there is 
danger of over-fitting models. 

The rule that stops the fitting procedure when the change in deviance for every new variable is below 
1% of the residual deviance of the null model may or not be sufficient to guarantee that the model is 
not over-fiited. However, it does appear to give reasonable results in the three models and does not 
reduce the estimated overdispersion parameter below 1. 

We decided to add year to the model fust, even though dist . col bad a slightly larger change in 
deviance. We added year first to each of the three models because there is considerable variation 



between years and each year is treated separately for management purposes. Next log(dist .  c o l )  
was added (see Table 10). Following that, sled and c o v e r  were the next candidates at changes in 
deviance of 28.07 and 27.99 respectively. c o v e r  was added next because the extra category of s l e d  
contributed almost nothing extra (0.08) to the change in deviance. Interaction t e r n  were considered 
and the interaction between year and log(dist . c o l )  was the candidate with the largest change in 
deviance in the next step followed by log(duration). The interaction term, when added to the 
model, produced very strong evidence of over-fitting with the many coefficients of variables already 
in the rnodel changing to ridiculous values with standard errors increasing by factors of 5 to 10 fold, 
so this interaction term was not considered further. log(duration) was added and after that no other 
variables produced a change in deviance of more than 1% of the null model residual deviance. The 
final model for all sea lion captures can be expressed as 

log(mean all sea lions cap- rate) =year + log(dist . col) + cover + log(duration). 

Note (Table 10) that the overdispersion estimate of this model is 1.024 and this being close to 1 does 
not provideany evidence that the model is over-fitted. Residual plots can be used to check model fits, 
but for count data these plots are hard to interpret as the points appear in three bands; one for zero 
catches, one for single catches, and one for double catches. Lnstead, a'plot of the randomised quantile 
residuals against the square root of the fitted values (to spread out the smaller fitted values) was used, 
applying the method of Dunn Bc Smyth (1996). The plot of the randomised quantile residuals against 
the fitted values and the QQ-normal plot of the randomised quantile residuals in Figure 5 showed no 
unusual structure. Plots of the randomised residuals against latitude and longitude, though not 
included in this report, showed no structure suggesting that the dist . col variable accounts for 
most of the positional variation in mean catchrate. 

Female sea lions 
The null model has a null deviance of 696 on 4464 degrees of freedom with an overdispersion 
estimate of 1.073 (see Table 10). The expected deviance per degree of freedom for a null Poisson 
model with rate = 1.95% (the overall capture rate for female sea lions) is 0.155 (giving an expected 
deviance of 689 for 4464 degrees of freedom). Again there does not appear to be a lot of information 
about the effects of variables. 

Although sled followed by log(dist . c o l )  followed by year had the largest deviance change, we 
added year first for reasons given in the all sea lion fitting. Next log(dist  . c o l )  had the largest 
change followed by sled and c o v e r  second equal, and the order that the fmt three variables were 
added does not affect any model that includes all three. After log(dis t .  c o l )  was added, the 
candidate variables were sled and c o v e r  with changes in deviance of 21.79 and 21.70 
respectively. We added cover because sled and c o v e r  are effectively the same as predictors. 
Following that, the second order polynomial in logbower) was slightly ahead of log(duration), 
deviances 14.64 and 14.47 respectively. Checking the effect of adding power to the model on the 
data set with vessels of power over 1500 kW reduced the change in deviance for the polynomial in 
logbower) to 8.88, so log(duration) was added instead. The next three candidates are the 
interaction terms year : log(dist  . co l ) ,  year : log(duration), and again the second order 
polynomial in logbower). All three were rejected; the interaction terms because of over-fitting and 
the power term because the low-powered vessel influence. The other two candidates were t o w l i n e  
and towbot  with changes in deviance of 7.56 and 7.35 respectively. As these two variables arise 
from rearranging the tow type variables, both were included, even though, after fust adding 
t o w l i n e ,  towbot  would be below the 1% deviance change cut-off. Apart &om power and the 
two interaction terms, no other variables had change in deviance above the 1% threshold. This gives 
the female sea lion model: 

log(mean female capture rate) =year + log(dis t . c o l )  + c o v e r  + 
log(durat ion) + t o w l i n e  + towbot. 



The plot of the randomised quantile residuals against the square root of the fitted values and the QQ- 
normal plot for females in Figure 5 showed no evidence of lack of fit. The estimate of overdispersion 
is 0.966, which could suggest that the model may be over-fitted. Again d i s t  . c o l  appears to 
account for most of the positional variation in capture rate. 

Male sea lions 
The null model has a residual deviance of 659 on 4464 degrees of freedom with an overdispersion 
estimate of 1.057 (Table 10). The expected deviance per degree of freedom for a null Poisson model 
with rate = 1.79% (the overall capture rate for male sea lions) is 0.1450 (giving an expected deviance 
of 647 for 4464 degrees of freedom). As for the other two models, there appears to be little 
information about effects of variables. 

The year variable was added fust  The next candidates were the third order polynomial in day. no 
followed by log(dist  . c o l )  with changes in deviance of 19.01 and 11.67 respectively. The third 
order polynomial in day .no was included and that was followed by log(dist  . col) .  After this step 
the interaction term of year with log(dis t . c o l )  had the largest change in deviance, but this was 
rejected because of over-fitting. The next foul candidate variables are, in order, camera, DN, sled. 
and cover ,  with changes 7.66, 5.85, 4.27, and 4.27 respectively. camera is correlated with the 
s l e d l c o v e r  pair and will be standing in for some SLED effect plus any direct camera effect. It is 
known that sledlcover affects capture rate, so it was decided to add c o v e r  (the same deviance as 
s l e d )  and then check back on the other variables. At this poinf apart from the interaction term, the 
candidate variable with the largest change in deviance of 5.69 was DN with camera next with a 
change in deviance of 3.45. Both are below the 1% cut-off although DN is quite close at 0.86%. 
Neither variable was added to the model and the model for male captures is 

log(mean male capture rate) =year + poly(day .no, 3) + log(dist  . col) + cover  

The residual plots in Figure 5 show no structure to suggest that the model is not fitting. The estimated 
overdispersion at 0.998 is very close to 1. dist.. c o l  accounti for most of the positional variation 
in capture rates. 

3.3 Importance of variables 

Tables 11, 12, and 13 order the variables by importance for the three response variables: all sea lion 
captures, female sea lion captures. and male sea lion captures respectively. For each the order is 
determined by: firstly, the importance of the variables included in the model and, secondly, for the 
variables not included, the change in deviance that would result if each variable was added to the 
model. AU variables not included in the model have changes in deviance of less than 1% of the 
residual deviance for the null model. The p-value of each variable is given in the tables and for the 
variables not included in the model, with the exception of the third order polynomial in day. n o  and 
the t o w l i n e  variable for all sea lions, these are not significant at the 5% level. The p-values are 
approximate but are likely to be underestimates of the p-values because the models we have used do 
not allow for any within triplvessel correlation of sea lion captures (see Smith & Baird 2M)5). In the 
presence of positive correlation within groups, standard errors are underestimated (see comments in 
Doonan 2001). 

When examining individual variables we will look at the female and male capture models fxst 
because the all sea lions model is, in some sense, an average of the separate male and female models. 
The effects for each level of the factor variables that appear in the models are given in Table14 the 
functional forms of the continuous variables that appear in the models in Table 15, and the estimated 
changes in capture rates for the two variables d i s t .  c o l  and d u r a t i o n  that would occur if the 
variable is increased by 25% but all other variables are kept the same in Table 16. Figures 6 ,7  and 8 



show the relative effects. keeping all other variables constant, of the 12 most important variables for 
the all, female and male sea lions captures respectively are shown in Figures 6.7. and 8. 

The most important variable in all three models is year, but what causes the differences in capture 
rates between years is not obvious. Thedifferences in the year effects are given relative to the base 
year of 2002 (see Table 14) so that,for example, the female capture rate in 2001 is 2.688 times that in 
2002, keeping all other variables the same. It is clear that the relative rates for the differexit years are 
dissimilar for males and females (and consequently all sea lions). For males the capture rates in 1997, 
1998, and 2000 are almost as high as the capture rate for 2001, whereas for females, 2001 is the only 
year that really stands out (Figures 7 and 8). 

The variable log(dist  . c o l )  is second in importance for females and all sea lions and third in 
importance for males. The difference between the coefficients of this tern for females and males is 
interesting and makes biological sense. The coefficient for females is less than -2 (see Table 15). 
which means the capture rate changes even faster than the inverse sauare law in distance from the - 
nearest rookery. For males the coefficient is about -1, which means the capture rate is approximately 
proportional to the reciprocal of the distance from the nearest rooken. This implies that males range - - 
more freely over much-geater distances from the Auckland Islands U&females, presumably because 
females cannot be too far from the pups they are suckling. The change in capture rates from doubling 
the distance from the nearest rookery while keeping all other variables the same is given in Table 16. 
with 95% confidence limits. Comparison of the plots for d is t  . c o l  Figures 7 and 8) shows the 
much steeper drop-off in capture rate with distance that occurs for females. 

The second most important variable (after y e a r )  for males is the third order polynomial in day .no. 
The coefficients of the three polynomial components 'near, quadratic, and cubic) are difficult to 
interpret and it is easier to examine the plot of capture rate against day. n o  in Figure 8. This shows a 
sharp drop in the capture rate at the start of the season until mid February when males leave the area 
after mating, and there is some evidence that some do return to the area around the end of March. 
However, the day. no variable is ranked ninth for females and represents a change of only 0.47% in 
the nuU residual deviance. There is little evidence of any day .no effect for females, and this 
suggests little change in female abundance, and hence foraging habits, during the squid fishing 
season. 

Next in importance is the c o v e r  variable, which is the variable signalling whether there is a SLED 
present with the cover open. The apparent effect of having a SLED with the cover open appears to be 
different for males and females. From Table 14, the capture rate is estimated to be reduced to 13% for 
female and 30% for males, but the large c.v.s imply that the difference is not significant. The sled 
variable had almost exactly the same deviance change as the cover variable despite having another 
degree of £reedom Thus, for these data, there was no detectable difference between the effect of the 
SLED with the cover tied down and no SLED at all. 

The duration of the tow variable is important for females, but not males. The coefficient of 0.78 for 
females means that the capture rate increases with the 0.78 power of the duration of the tow. It is 
expected that the capture rate would increase with the duration of the tow because of the increased 
opportunity for capture. However, d u r a t i o n  was ranked only ninth equal for males and reduced the 
deviance by 0.34% of the null residual deviance; this suggests that capture rates for males are 
relatively unaffected by duration of tow. It is apparent that the tow type configuration related 
variables (dura t ion ,  towl ine ,  and towbot)  and vessel power are much more important 
predictors of capture rate for females than for males, t o w l i n e  and towbot  beiig included in the 
female model. For females, a tow with a turn has 2.33 times the capture rate of a straight-line tow and 
a midwater tow has 3.6 times the capture rate for a tow that touches the botto111. These variables are 
ranked 14" and 8" for males (see Table 13). It is interesting to note (from Figures 7 and 8) that the 
effect of the towbot  variable for males is the opposite to that for females with the midwater tow 
having a capture rate that is about 0.27 times that for a tow that touches the bottom The power 



variable for females was ranked seventh and it appears that lower powered and higher powered 
vessels have a greater capture rate than mid-powered vessels. 

Ranked fifth to seventh for males, but not included in the model, are the variables DN, camera and 
light, all light related variables. The same variables are ranked only 11'. 20'. and 17" respectively 
for females. The night-time captnre rate appears to be lower than at other times for males, but the 
daylnight difference is a lot less for females, which is why the variable is less important for them. The 
presence of the camera (see Figure 8) appears to be associated with a capture rate four times that 
when there is no camera, but this is not significant with a p-value of 0.06 (see Table 13). However, 
camera is one of the lowest ranked variables for females. 

The variable n a t i o n  was ranked eighth for females and nineth for males. From Figures 7 and 8 
there appears to be a considerable difference between the capture. rates of females and males for New 
Zealand vessels. This could be misleading because there are so few data; New Zealand vessels camed 
out 14 tows and caught one male sea lion. 

Net type used (the variable gear) was lowly ranked, as were the sea surface temperature and the sea 
surface temperature anomaly variables. length, speed, and catch ranked even lower for both 
males and females and in this shdy appear to have little or no predictive power for capture rates. 

It should be noted that, for the male and female sea lion capture models, the only variables with 
significant effects were the variables that appeared in the final models. 

This study has found some variables that are associated with differences in capture rates of New 
Zealand sea lions. Sex differences have also been highlighted, and a number of these seem to have a 
biological basis. However, in an observational study such as this, statistical association cannot be 
equated to cause and effect and some variables can easily be "standing in" for causal variables merely 
because the "stand in" variables vary in a similar way. A further note of caution needs to be added 
because of the paucity of the data. For capture count data, it is the number of captures observed that 
determines the size of the errors, not the number of sample units (tows) observed. 
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6. TABLES AND FIGURES 

TABLES 

Table 1: Trawl fshing effort targeting squid at SQU 6T, January-June, 1992-2002. 

All vessels* Observed vesselst 
No. tows oer Total No. tows uer Total % tows 

Year No. vessel (range) no. tows No. vessel (range) no. tows observed 

* Data from Trawl Catch ~ f f &  Processing Return (wnrekou catch and effort database). 
t Data from observer logbooks (obs database) for all observed aips. 

Table 2: ~ r e ~ u e n c y  of vessels observed, by nation for 1992-2002. 

No. yean observed China CIS Japan Kona NZ Poland 

Table 3: Key to the codes of the tow type (towpath) and vessel path (towconf ig) variables. 

Variable Code Description 

t o w a t h  
1 
2 
3 
4 

towconf i g  

A 
B 
C 
D 
E 
F 

Bottom throughout the tow 
Midwater tow, constant depth 
Midwater tow, varying depth 
Mixed bottom and midwater tow 

Skaight line vessel path 
U shaped vessel path 
Zigzag shaped vessel path 
Closed vessel path, including a circle 
Vessel path follows a depth contour 
Vessel path over a pinnacle 



Table 4: Number of observed tows for combinations of the levels of the towpath, towconf ig, and 
number. turns variables for the observed squid target tows in SQU 6T, January-June 1992-2002. 

t o w p a t h  towconf i g  

Bottom 
Straight line 
"U" turn 

zigzag 
Circle 
Depth contour 
Pinnacle 

Total 
Mid-water constant depth 

Straight line 
"U" turn 

Zigzag 
Cicle 
Depth contour 
Pinnacle 

Mid-water varying depth 
Total 

Straight line 
"U" 

Zigzag 
C i l e  
Depth contour 
Pinnacle 

Total 
Mixed bottom and midwater 

Straight line 
" U  turn 
Zigzag 
C i l e  
Depth contour 
Pinnacle 

Total 

Total 

Total 

Straight line 
"U" turn 
zigzag 
Cicle 
Depth contour 
Pinnacle 

Total 

number . tu rns  
3 Total 



Table 5: Extra variables defined from existing variables by combining categories The variables towbot, 
towline, and towturn, which have 1 degree of freedom each, replace the variables number of turns, 
towpath and towconf ig. cover is defined from sled, and light is defined from DN. 

Name Description 

towbo t  tow on bottom or not. Fmm towpa th  categories: 
onbot = (bonom, mixed bonom and midwater} 
ofbot = (midwater constant depth, midwater varying depth] 

towline tow is in a straight or curved line. From towconf i g  categories: 
stline = [straight line, depth contour. pinnacle}. 
curve = {"V cum, zigzag. circle) 

t o w t u r n  From number of turns 
noturn = 0 turns 
turns = 1 or more turns. 

c o v e r  whether net exit is available. From sled categories: 
shut = (nosled, cover 1 
open = nocover 

l i gh t  tow is entirely in night or not From DN 
dark = night, (day. dawn, dusk] 

Table 6: Description of variables considered 

Name 

year 
dis t  . c o l  
day. no 
n a t i o n  
power 
length 
gear 
headline 
n e t d e p t h  
t o w b o t  
t o w l i n e  
t o w t u r n  
DN 
l ight  
duration 
SSt 
sst .anom 
sled 
c o v e r  
catch 
s p e e d  
c a m e r a  

Type 

factor 
continuous 
continuous 
factor 
continuous 
continuous 
factor 
continuous 
continuous 
factor 
factor 
factor 
factor 
factor 
continuous 
continuous 
continuous 
factor 
factor 
continuous 
continuous 
factor 

Description 

fishing year 
distance of start of tow from nearest rookery (km) 
day of calendar year 
nationality of vessel 
power of vessel (kw) 
length of vessel (m) 
type of net used: midwater or bonom. 
headline height of net (m) 
depth of net at start of tow (m) 
tow is on bottom or not 
tow is straight or curved 
tow includes at least one turn or not 
tow is in day or night, or includes dawn or dusk 
tow is at night or not 
duration of tow (br) 
sea surface temperature at start of tow ("C) 
deviation of sst tiom position and date average (OC) 
whether sled is used and cover net is or is not tied down. 
whether exit from net is open or shut 
total squid catch for tow (kg) 
speed of vessel (hots) 
video camera anached to net 



= able 7: Observed tows and the frequency of New Zealand sea lion captures by year. Catch rates, 
numbers of incidents and rates are also included. 

Captures per tow Year Total 
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2M)2 

Total tows 218 197 433 286 555 731 337 156 438 576 563 4490 

Sea lion captures 8 5 4 8 13 29 15 5 25 38 22 172 
Catch rate (%) 3.7 2.5 0.9 2.8 2.3 4.0 4.5 3.2 5.7 6.6 3.9 3.8 

Incidents 7 5 3 8 12 25 15 5 24 35 18 157 
Incidentrate(%) 3.2 2.5 0.7 2.8 2.2 3.4 4.5 3.2 5.5 6.1 3.2 3.5 

Table 8: Observed tows and the frequency of New Zealand sea lion captures by time of day. 

Captures per tow 

Total sea lions 
Total tows 
Capture rate (%) 

DN 
dawn day dusk night Total 

Table 9: Capture rates (%), with numbers of observed tows in parentheses, for the ~ i r e n t  levels of the 
sled variable 

Levels 
Year 

1992 1993 1994 1995 1996 1997 

cover 
nocover 
nosled 3.7 (218) 2.5 (197) 0.9 (433) 2.8 (286) 2.3 (555) 4.0 (731) 

Total 3.7 (218) 2.5 (197) 0.9 (433) 2.8 (286) 2.3 (555) 4.0 (731) 

Year Total 
Levels 1998 1999 2000 2001 2002 All years 

cover 7.1 (154) 11.1 (297) 3.4 (262) 7.4 (713) 
nocover 1.8 (278) 0 (125) 1.2 (403) 
nosled 4.5 (337) 3.2 (156) 4.9 (284) 0 (1) 7.4 (176) 3.4 (3 374) 

Total 4.5 (337) 3.2 (156) 5.7 (438) 6.6 (576) 3.9 (563) 3.8 (4 490) 



Table 10: The order variables are introduced into the model during the stepwise model selection process. 
When a continuous variable is bracketed by poly it appears in the model as a polynomial of order given 
by the number. For example day-no appears in the model as a polynomial of order 3. Details of change 
in deviance, p-values and estimates of the over-dispersion are included for the three models fitted f to all 
sea Lions, female sea tions and male sea Lions. 

Change in Change 
Term deviance in AIC 

AU sea lions 
null model 

+ y e a r  -33.56 -13.56 
+ log(dist . c o l )  -34.76 -32.76 

+ c o v e r  -27.99 -25.99 
+ log(duration) -12.56 -10.56 

Females 
null model 

+ y e a r  -21.80 -1.8 
+ log(dist . co l )  -25.09 -23.09 

+ c o v e r  -21.70 -19.7 
+ log(duration) -14.47 -12.47 

+ t o w l i n e  -7.56 -5.56 
+ towbot -6.63 -4.63 

Males 
null model 

+ y e a r  -34.82 -14.82 
+ poly(day . no, 3) -19.01 -13.01 
+ log(dist .col )  -7.29 -5.29 

+ c o v e r  -4.27 -2.27 

Residual Residual Over 
DF p-value deviance 

Fitted models 
All sea lions year + log(dist . c o l )  + cover  + log(duration) 
Females year + log(dist . c o l )  + c o v e r  + log(duration) + t o w l i n e  + towbot 
Males year + log(dist . c o l )  + cover  + poly(day .no. 3) 



Table 11: The elfects of the variables in order of importance for all sea lions. This table gives the change 
in deviance from dropping a single variable (-), included in the final model, or by adding a single variable 
(+), not included in the model. 

Variable 

- y e a r  
- log(dist . co l )  
- cover 
- log(durat ion)  
Model 
+ poly(day.no, 3) 
+ t o w l i n e  
+ DN 
+ n a t i o n  
+ poly(log@ower), 2)* 
+ towturn 
+ l i g h t  
+ log(head1ine) 
+ gear 
+ SSt  

+ sst .anom 
+ towbot 
+ ne tdep th  
+ camera 
+ catch* 
+ s l e d  
+ speed* 
+ log(1ength) 

lncrease Increase Residual Residual 
in deviance in AIC DF F ratio pvalue deviance DF 

55.14 35.14 10 5.514 <0.0001 1081.72 4462 
36.04 34.04 1 36.037 <0.0001 1062.61 4453 
29.40 27.40 1 29.397 < 0.0001 1055.97 4 453 
12.56 10.56 1 12.559 < 0.0001 1039.14 4 453 

1026.58 4452 
-10.25 -4.25 3 3.415 0.020 1016.33 4 449 
-5.42 -3.42 1 5.421 0.020 1021.16 4 451 
-3.87 2.13 3 1.290 0.280 1022.71 4 449 
-3.73 6.27 5 0.747 0.590 1022.84 4 447 
-3.07 0.93 2 1.533 0.220 961.82 4 334 
-2.74 -0.74 1 2.736 0.100 1023.84 4 451 
-2.27 -0.27 1 2.267 0.130 1024.31 4 451 
-1.64 0.36 1 1.642 0.200 1024.93 4 451 
-1.57 0.43 1 1.567 0.210 1025.01 4451 
-1.40 0.60 1 1.399 0.240 1025.18 4451 
-1.11 0.89 1 1.108 0.290 1025.47 4451 
-0.86 1.14 1 0.860 0.350 1025.72 4 451 
-0.85 1.15 1 0.849 0.360 1025.73 4451 
-0.48 1.52 1 0.481 0.490 1026.10 4 451 
-0.37 1.63 1 0.366 0.540 1014.78 4 362 
-0.14 1.86 1 0.136 0.710 1026.44 4451 
-0.05 1.95 1 0.053 0.820 1014.24 4 382 
0.00 2.00 1 0.002 0.960 1026.57 4 451 

* fitted using a reduced data set 



Table 12: The effects of the variables in order of importance for female sea lions. This table gives the 
change in deviance from dropping a single variable, included in the tinal model, o r  by adding a single 
variable, not included in the model. 

Increase Increase 
Variable in deviance 

- y e a r  
- log(dist . c o l )  
- c o v e r  
- log(duration) 
- t o w l i n e  
- towbot 
Model 
+ poly(log@ower), 2): 
+ n a t i o n  
+ poly(day .no, 3) 
+ gear 
+ DN 

+ log(head1ine) 
+ n e t d e p t h  
+ speed* 
+ sst .anom 
+ log(1ength) 
+ l i g h t  
+ S S t  

+ c a t c h *  
+camera  
+ s l e d  
+ towturn  

in AIC 

23.89 
24.63 
22.70 
8.85 
4.85 
4.63 

- 1.49 
5.42 
3.32 

-0.01 
4.72 
0.91 
1.01 
1.17 
1.33 
1.38 
1.52 
1.79 
1.91 
1.98 
1.99 
2.00 

Residual Residual 
DF Fratio p-value deviance DF 

* fitted using a reduced data set 



Table 13: The effects of the variables in order of importance for male sea lions. This table gives the 
change in deviance from drooaine a single variable, that is included in the final model, or by adding a -- - .. - 
single variable, that is not included in thefinal model. 

Variable 

-year 
- poly(day .no, 3) 
- log(dist . col) 
- cover 
Model 
+ DN 
t camera 
+ l i g h t  
+ t o w h t  
+ n a t i o n  
+ log(duration) 
+ S S t  

+ towturn  
+ poly(log@ower), 2) 
+ t o w l i n e  
+ log(headline) 
+ speed* 
+ g e a r  
+ log(1ength) 
+ ca tch*  
+ n e t d e p t h  
+ sst .anom 
+ s l e d  

Increase Increase 
in deviance 

31.32 
11.78 
7.55 
4.27 

-5.69 
-3.45 
-3.37 
-2.74 
-2.51 
-1.97 
-1.97 
-1.47 
-1.17 
-0.69 
-0.66 
-0.55 
-0.47 
-0.36 
-0.06 
-0.01 
0.00 
0.00 

Residual Residual 
F ratio p-value deviance 

* fitted using a reduced data set 



Table 14: Table of scale effects of levels of factor variables, relative to the base level, in the fitted models 
for aU seal lion, female sea lion and male sea lion captures. Degree of significance (of the difference from 
the scale factor of 1) is indicated by ., *, ** and ***. 
Variable Base All sea lions Female sea lions Male sea lions 

level Level Estimate C.V. (%) Sig. Estimate C.V. (%) Sig. Estimate C.V. (%) Sig. 

year 2002 1992 
1993 
1994 
1995 
I996 
1997 
1998 
1999 
2000 
2w1 

c o v e r  shut open 0.134 50 *** 0.076 85 *** 0.302 72 . 
t o w l i n e  st. line curve 2.331 31 ** 
towbot onbot oftbot 3.618 47 ** 

Table 15: Table of the relative scale effects on the mean capture rate, of continuous variables in the fitted 
models for all seal lion, female sea lion and male sea lion captures. The Coefficients (coef), standard 
errors of the coefficients (se coef) of the scale effects, and the degree of the significance of the difference 
from 1 (Sig.) are given. PI, P2, P3 refer to the l", zd and 3* order polynomial effects. 

form of All sea lions Female sea lions Male sea lions 
Variable x scale effect coef se coef Sig. coef secoef Sig. coef secoef Sig. 

dist. col xmcr -1.739 0.302 *** -2.229 0.447 *** -1.053 0.397 ** 
x==' d u r a t i o n  0.580 0.171 *** 0.784 0.250 ** 

day. no, PI erdP'" -5.33 16.08 

day. no, PZ e&~w -33.51 13.59 * 
day. no, P3 emeFR(r) -27.46 10.14 ** 

Table 16: The effect of increasing the distance from nearest colony and of iqcressing duration by 25%, 
keeping all other variables the same. Effect is the change in the mean capture rate, expressed as a 
percentage, and 95 % confidence intervals for the increase are given. 

All sea lions Female sea lions Male sea lions 
Effect 95% cod. F i t s  Effect 95% conf. limits Effect 95% conf. l i t s  

d i s t . c o 1  -32 -4 1 -22 -39 -50 -26 -2 1 -34 -6 
d u r a t i o n  14 5 23 19 7 33 
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Figure 2: A horizontal bar plot of New Zealand sea lion captures and observed tows by season and v-1 
in the SQU 6T area Each row is a single vessel. The capture scales for each season have been chosen so 
that if the catch and effort bars are of equal length for a vessel then the vessel catch rate is the same as the 
mean cat& rate in the whole fishery for that season. 



Figure 3: Plots of start positions of observed tows (+) by year including tows that caught New Zealand sea 
lions (0). The bottom right panel combines a l l  years. The 200 m depth contour and the boundary of the 
SQU 6T area are hcluded. 



Figure 4: Annual density at 0.05' cells for observed squid tows (left) and catch per unit effort (CPUE), 
measured in numbers caught per tow for the cell, of New Zealand sea Lions (right), for 1992 to 1994. 



Figure 4 (continued): Annual density at O.OSO cells for observed squid tows (left) and catch per unit effort 
(CPUE), measured in numbers caught per tow for the cell, of New Zealand sea lions (right), for 1995 to 
1997. 



Figure 4 (continued): Annual density at 0.05" cells for observed squid tows (left) and catch per unit effort 
(CPUE), measured in numbers caught per tow for the cell, of New Zealand sea lions (right), for 1998 to 
2000. 
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Figure 4 (continued): Annual density at 0.05' cells for observed squid tows Oeft) and catch per unit effort 
(CPUE), measured in numbers caught per tow for the cell, of New Zealand sea lions (eht) ,  for 2001,2002 
and 1992-2002 combined. 
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Figure 5: Residual plots and QQ-normal plots of the randomised quantile residuals for the fitted models 
of sea lion captures 
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Figure 6: The effects the 12 most important variables for all New Zealand sea lion captures in order of 
importance plotted as bar plots for factor variables and line plots for continnous variables. 
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Figure 7: The effects the 12 most important variables For female New Zealand sea lion captures in order OF 
importance plotted as bar plots for Factor variables and Line plots For continuous variables. 
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Figure 8: The effects the 12 most important variables for male New Zealand sea lion captures in order of 
importance plotted as bar plots for factor variables and line plots for continuous variables. 


