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ABSTRACT 
Yearly changes in the energy stores of sexually mature Antarctic minke whales were studied over the 
24 years of the JARPA and JARPA II research programmes by examining five variables which are, or 
could be, indices of storage of energy. These variables are the total fat weight in the whale body, 
blubber thickness at two lateral measurement points and girth measured at two specified positions. 
Three of these variables are available from almost all whales sampled, but girth at axilla was 
measured over 20 years and fat weight was only measured over 17 years of the JARPA programme, 
and only for the first whale sampled on each day. A number of covariates were also recorded. A large 
number of linear mixed-effects statistical models were investigated for each of the dependent 
variables, and the Bayesian Information Criterion (BIC) was used to select the best model. All models 
examined had ‘year’ as a possible explanatory variable.  
The results show that all five measures of energy storage declined substantially over time during the 
JARPA period, with a more than 10% decline in total fat weight. For all five dependent variables the 
values for energy stores are higher for females than for males. The values increase during the feeding 
season and are higher for higher body coverage of diatoms. This is assumed to be a measure of how 
long the animal has spent in Antarctic waters. The results are similar when each sex is analysed 
separately, but the decrease in energy stores was somewhat larger in females than in males. The 
results from the JARPA II period are very different from the JARPA period. There is no clear trend 
towards increase, or further decrease, in any of the four measures of energy storage. The results 
suggest that fundamental changes have taken place in the eastern part of the Antarctic marine 
ecosystem during the 1990’s. These changes have resulted in less optimal feeding conditions for 
minke whales.    
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INTRODUCTION  
At the JARPA Review meeting in 2006 the authors presented a paper which indicated that blubber thickness 
measured at one lateral point in the middle of the body (directly below the centre of dorsal fin) had declined over 
the 18 year JARPA period from 1987/88 to 2004/05 (Konishi, Tamura and Walløe, 2006), taking into account 
other variables which could influence blubber thickness.  An improved and extended manuscript was later 
discussed at the IWC-SC meeting in 2007 and later published in Polar Biology (Konishi et al, 2008). In the 
published paper the girth at the level of the umbilicus and the total fat weight in the whale body were used as 
response variables which could be used as indices of energy storage in addition to the blubber thickness. Blubber 
thickness and girth were available from nearly all whales taken, while fat weight was measured only from the 
first whale caught at each day in JAPRA period. Only sexually mature animals were included in the study to 
avoid problems connected with the growth of immature animals. The method used in these studies was simple 
multiple linear regression with either blubber thickness (cm), girth (cm) or fat weight (tons) as the dependent 
variable, and with date (Dec 1st = 1), year (1987/88 = 1), longitude (!E), latitude (!S), the extent of diatom 
adhesion on the skin (1 to 5), and body length (m) as independent variables. For some analyses body weight 
(tons), whale age (years) and foetus length (cm) were also used, but these variables were not available for all 
whales.  
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Some analyses were carried out separately for each sex; other analyses were carried out with both sexes 
combined and then with sex as an additional independent variable. In all regression runs the minimum BIC 

highly significant different from zero with the regression coefficient ranging from -0.018 to -0.028 cm per year.  

year (Konishi et al. 2008).  
 
In the IWC-SC meeting in 2011 William de la Mare presented a paper claiming that the particular multiple 
regression model used by Konishi et al (2008) could have been inappropriate (de la Mare, 2011), and in the SC 
meeting he suggested that mixed-effects models should be fitted to the data to account for various forms of 
heterogeneity. During the meeting Hans J. Skaug fitted six such models which arose from the discussion, 
including all mixed-effects models suggested by de la Mare. In all models except one the coefficients for year 
were statistically significant and with values ranging from -0.017 to -0.026 cm/year. The model with the lowest 
AIC value had coefficient for year  0.019 which was very close to the value in the best model published by 
Konishi et al. (2008), but the SE was three times larger than the value published by Konishi et al. (an increase 
from 0.0022 to 0.0068 cm/year), but the slope was still significantly different from zero at the 5% level. A jack-
knife analysis by Lars Walløe with one year as the sampling unit to subsume the consequences of lack of 
independence in the data gave similar results (regression slope -0.0213 cm/year, SE 0.00836). The text of the 
Working Paper by Skaug is attached as an appendix (Appendix 1). De la Mare was offered the data file under the 
IWC Data Availability Agreement to explore other models himself, but he did not accept the conditions specified 
in the agreement. In the IWC-SC meeting in 2012 de la Mare presented a paper which argued that the transect 
sampling of JARPA and JARPA II precludes reliable and appropriate analysis of the data collected (de la Mare, 
2012). He argued that that the transects could in reality have been the basic sampling unit in the analyses by 
Konishi et al (2008), not the individual whales, because whales taken on the same transect could have highly 
correlated properties. The discussion continued at the SC in 2013 with a reanalysis by mixed effect models by 
Hiroko Kato Solvang and Lars Walløe of the decrease in minke whale fat stores during the 17 JARPA years 

neighbouring whales in the data file should at least be less relevant, if relevant at all, for this statistical analysis. 
The results were similar to the results obtained by Skaug (Appendix 1) on blubber thickness, a largely 
unchanged and statistically significant decline compared to the results of the simple linear regression analysis of 
Konishi et al (2008), but a higher SE (0.0041 compared to 0.0025). The SC did not conclude the issue, however, 
requested further analyses of the data, including:  
 
(1) determining whether the models fitted so far capture all the main features of the data,  
(2) determining whether the estimate of trend could be made more precise,  
(3) analysing the two sexes separately,  
(4) including the interaction of slopes by latitudinal band with year as a random effect, and  
(5) investigating independence issues by using mixed-effects models with track line as a random effect.  
 
The SC encouraged additional analyses to be undertaken on both the blubber thickness and body fat data and 
noted that papers should ideally be submitted to the forthcoming JARPA II review. This is part of the 
background for the present paper.   
 

M A T E RI A LS A ND M E T H O DS 
The present investigation has been expanded in two ways compared to the analyses carried out by Konishi et al. 
(2008) and the reanalyzes of these data carried out by Skaug (2011, Appendix 1) and Solvang and Walløe (2013, 
Appendix 2): The set of dependent variables has been increased from the three used by Konishi et al. (2008) and 
now also includes girth at level of the axilla and blubber thickness at a lateral point at the level of the umbilicus. 
Three of these five dependent variables were measured on most whales during the JARPA period and the 
measurement series were continued in the JARPA II period. Girth at level of the axilla was measured during 20 
years of JARPA and JARPA II, Fat weight was only measured during 17 of the JARPA years and the 
measurements were not continued in JARPA II. In the current analyses we have fitted a large number of linear 
models to the data, both simple models with and without interaction terms and mixed models with random 
effects. For all dependent variables we have first analyzed the JARPA data only to try to resolve the 
disagreements expressed in the meetings of the IWC-SC from 2010 to 2013. We have then repeated the analyses 
for only the data from first six years of the JARPA II period (2005/06-2010/11) and finally analyzed  the total 
JARPA + JARPA II period (1987/88-2010/11) for four of the dependent variables. 
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Samples and measurements 
During all years from 1987/88 to 2010/11 blubber thickness at two lateral points under the dorsal fin (BT11) and 
level of umbilicus (BT7) were carefully measured to the nearest mm on a most whales on the left side of the 
body, but in several cases they were made on the right side, mainly because of damage to the left side caused by 
the harpoon. Measurements are missing from 16 whales  and 4 whales . The reasons for 
choosing this particular lateral point for blubber thickness measurements were that skin surface and muscle 
fascia are parallel  in  this  area,  and  blubber  thickness  is  close  to constant  in an area around the 
measurement site. Dorsal blubber, such as anterior and posterior to the dorsal fin, is highly variable in thickness 
along the axis of the body and has been shown difficult to measure consistently by different researchers. 
Therefore measurements of blubber thickness at the lateral positions are the only measurement positions which 
can be used to obtain reliable long time series of data. A small area of skin and blubber around the measurement 
points was also dissected free from surrounding skin and blubber to avoid stretch or pressure from surrounding 
areas before the measurements were obtained. 
equations and in the Results section below. The distance between the dorsal mid-line and the ventral mid-line 
was measured to the nearest cm at two positions at umbilicus ( HalfGirth-u ) and axillary ( HalfGirth-a ) levels. 

rst animal caught each day, all the blubber including the ventral groove and visceral fat was also 
removed from the body and weighed to the nearest kilogram during the last 17 years of the JARPA period. Since 
the total weight of the whale body was also available, the difference between these two weights for each whale 

as a predictor variable in some of the statistical analyses. 
These variables are only available for the JARPA period. Other predictor variables available for each whale 
include position of catch (latitude, longitude), time (year, date and local time) and a track line identifier. Fetus 
length was measured in the same way as adult body length. In addition to using continuous variables, some 

 and 
categ -continuous effects of any of these 
explanatory variables. The study area includes the Ross Sea down to about 78 S. Since the research area covered 
a wide range of latitudes and longitudes, extending as far south as the Ross Sea, geographical variables separated 

line 155°E   
 

Statistical analysis  
All statistical analyses were conducted in R environment version 3.0.2 (R Core Team 2013) using package 

-
regression models.  

In the R formulas t an interaction between parameters. In mixed effects models 
l The 
abbreviations lm  means linear model and lmer  means linear model with random effects. 

There are different opinions among statisticians how to select the best model from a range of 
on criterion (AIC) is 

currently much used. A related criterion, the Bayesian information criterion (BIC) usually selects the same 
model as AIC, but if there is a difference, BIC usually selects a simpler model. We have presented the values of 
both criteria in this paper, but generally we have a preference for BIC which was also the criterion used in 
Konishi et al. (2008). As can be seen from the results section, the two criteria have in most cases selected the 
same model, and when they have selected different models the coefficients for the change of blubber thickness 
with time are usually about the same. This is usually also the case when some models have about the same value 
for BIC. In both these situations it would have been possible to use the focused information criterion (FIC) 
(Claeskens and Hjort, 2008) and average the decline in blubber thickness over the best models with weights 
dependent on the fit, since the discussion so far has mainly been focused on the time trend in blubber thickness. 
It has so far not been necessary to use FIC, since models with close values of BIC have similar coefficients for 
year. If new models are suggested during the discussion of our results during the review meeting or in the IWC-
SC, we may choose to use the FIC with averaging. The other four dependent variables can of course be dealt 
with in a similar way.  
 

R ESU L TS  
The output from all model runs can be found as pdf-files in an electronic attachment to this paper. A large 
number of different models have been explored, but the number is still small compared to the near infinite 
number of possible models. To make it easier to refer to the different models in the attachment, the models have 
been numbered consecutively. As an example Table 1 shows the different models which have been used in the 
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analyses of the lateral blubber thickness at the level of the dorsal fin (called BT11) for both sexes combined. The 
log likelihood, number of parameter, AIC and BIC values and the coefficients for year with its SEs and t-values 
are also given. The models fall in four groups: simple linear models, linear models with categorical terms, linear 
models with interaction terms and finally mixed-effects models with random effect terms. The best model in 
each group according to the BIC criterion is shown in bold, and the best model of all are shown in bold italics. 
The models include models with random effect of track lines.  
 

The JA RPA per iod:  

 
For all models investigated (except one) the results show a decline in blubber thickness over the 18 JARPA years 
ranging from -0.0196 to -0.0299 cm/year (Table 1). The model with the lowest BIC value has a decline of           
-0.0203 cm/year (SE=0.0024). All the random-effects models have higher BIC values than the best linear model:  
lm(BT11 ~ YearNum + BLm^3 + DateNum + Diatom + LongCat11 + Sex + 
DateNum:LongNum) ..(#BT11jarpa17) 
 
The best model with random effects was:  
lmer(BT11 ~ YearNum + BLm^3 + DateNum + Diatom +LatNum +LongNum + LongCat11 + Sex + 
DateNum:LongNum) + (DateNum | YearCat)) ..(#BT11jarpa18) 
 
The total printouts of the results from the fitting of these two models are shown in Appendix 3 and 4 (and they 
can of course also be found in the electronic attachment as models # BT11jarpa17 and #BT11jarpa18). The AIC 
preferred a model with three additional random effect terms in addition to the last model above. The two random 
effect models gave a decline in blubber thickness of -0.0189 and -0.0197 cm/ year, respectively. In addition to a 
decline in blubber thickness BT11 over the 18 JARPA years, the blubber thickness increased from west to east 
and from north to south. It also increased with the body length, diatom coverage and from December to March 
(Appendix 3 and 4). The scatterplot of residuals in BT11jarpa17 shows that the distribution of residuals is close 
to a normal distribution (Figure 1). 
 
When the two sexes were analyzed separately, the results were largely the same as when the sexes were analyzed 
together. The decline over the JARPA period was somewhat larger for females than for males (-0.0297 cm/year 
versus -0.0176 cm/year for the models (#BT11jarpa15females and #BT11jarpa15male) with the lowest BIC 
values; see electronic attachment). 
 

 
The analyses of BT7 show a similar pattern, although the decline in blubber thickness is not quite as large as for 
BT11 (Table 4a). All models except two 
BIC is a linear model (#BT7jarpa17):  
lm(BT7 ~ YearNum + BLm^3 + DateNum + Diatom + LatNum  + Lat70 + Sex + YearNum:LongCat11 + 
DateNum:LongNum) which has slope -0.011cm/year. The BIC values in the all mixed effects modes are all larger 
than in #BT7jarpa17.  

-   
 -0.464 cm/year to -0.075cm/year, 

and the model with lowest BIC is mixed-effects model with coefficient -0.34 cm/year (SE=0.12) (#HGirth-
Ujarpa25)(Table 4b): 
lmer(UnbilicusGirth ~ YearNum + BLm + DateNum + Diatom + LatNum + LongNum + LongCat11 + Sex + 
DateNum:LongNum + (DateNum|YearCat) + (DateNum|LongCat11) + (DateNum|TrackLine)). In the regression trial 

-u , linear effect both by the variance of residuals and BIC.  

-  
The analyses of HalfGirth-a show a similar pattern to those of HalfGirth-u. The point estimates of coefficients 

, although the time series is a little shorter in HalfGirth-a since it is only available 
from the 1991/92 survey season.  Interestingly, the model with lowest BIC is a simple linear model with 
coefficient for year -0.46 cm/year (SE=0.054) (#HGirth-Ajarpa6) (Table 4c): 
lm(AxillaryGirth ~ YearNum + BLm + DateNum + Diatom  + Sex) 
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 ranged from -0.014 to -0.006 (tons/year), and the model 

with lowest BIC is linear model has coefficient -0.011 tons/year (SE=0.0012) (#FatWjarpa5)(Table 4d): 
lm(FatWeight ~ YearNum + BLm^3 + DateNum + Diatom + LatNum + LongNum + LongWE + Sex + LeanBW) In the 
different regression runs, the large majority had coefficients for  very close to 0.011 tons/year.  

 

The JA RPA I I per iod:  

 
The analyses of BT11 did not show any clear decline of blubber thickness. None of the models explored had 
coefficients for which were statistically significant different from zero. In this group of regressions, 
complicated models tend to have lower BIC than simple models. 
with lowest BIC (#BT11jarpaII17) was not statistically significant from zero at 5% level (-0.006, t-value -
0.562)(Table 2).  

 
The analyses of BT7 show a similar pattern to those of BT11, and change of BIC between models are small. The 
model with the lowest BIC value (#BT7jarpaII18) , significant at the 
5% level (0.661 cm/year) (Table 5a). 
lm(BT7 ~ YearNum + BLm^3 + Date.quad + Diatom + LatNum + LongNum + Sex + YearNum:LatNum + 
Date.quad:LongNum)  

-   
All of the coefficients for YearNum  have positive values and the model with the lowest BIC (#HGirth-
UjarpaII19) shows significant and large increase of the girth per year (2.036 cm/year) (Table 5b).  
 lm(UnbilicusGirth ~ YearNum + BLm + Diatom + LongCat11 + Sex + YearNum:LongCat11 + I(DateNum^2):LongNum) 

-  
The analyses of HalfGirth-a show a similar pattern to those of HalfGirth-u, and all models except two have 
positive coefficient for YearNum . The coefficient for YearNum  in the linear model (HGirth-AjarpaII 14) 
with lowest BIC is 0.363 cm/year while the coefficient is not significant at 5% level(Table 5c). 
 

The JA RPA + JA RPA I I per iod:  

 
All models have negative coefficient for YearNum  but the decline were smaller than those in the only JARPA 
period ranged from -0.1063 to -0.0056. The mode with lowest BIC is mixed effects model #BT11jarpa&II18 
(Table 3): 
 lmer(BT11 ~ YearNum + BLm^3 + DateNum + Diatom + LatNum + LongNum + LongCat11 + Sex + DateNum:LongNum + 
(DateNum|YearCat)) 

 
All models except one have negative coefficient for YearNum  ranging from -0.073 cm/year to -0.006 cm/year, 
and the model with lowest BIC is mixed-effects model (coefficient of YearNum  -0.010 cm/year, t=-2.165) 
(#BT7jarpa&II22)(Table 6a): 
 lmer(BT7 ~ YearNum + BLm + DateNum + Diatom + LatNum + LongNum + LongCat11 + Sex + DateNum:LongNum + 
(DateNum|YearCat) + (DateNum|LongCat11) + (DateNum|TrackLine)) 

-   
All models except one have negative coefficient for YearNum  ranged from -0.616 cm/year to -0.198 cm/year, 
and the model with lowest BIC is mixed-effects model (coefficient of YearNum  -0.258 cm/year, t=-2.900) 
(#HGirth-Ujarpa&II24)(Table 6b): 
 lmer(UmbilicusG ~ YearNum + BLm + DateNum + Diatom + LatNum + LongNum + LongCat11 + Sex + 
DateNum:LongNum + (DateNum|YearCat) + (DateNum|LongCat11) + (DateNum|TrackLine)) 

-  
The analyses of HalfGirth-a show a similar pattern to those of HalfGirth-u and all models have negative 
coefficient for YearNum  The model with lowest BIC is mixed-effects model (coefficient of YearNum  -
0.321 cm/year, t=-3.080)is #HGirth-Ajarpa&II23 (Table 6c) 
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lmer(UmbilicusA ~ YearNum + BLm + DateNum + Diatom + LatNum + LongNum + LongCat11 + Sex + 
DateNum:LongNum + (DateNum|YearCat) + (DateNum|LongCat11) + (DateNum|TrackLine)) 

 

DISC USSI O N  
The discussion in the IWC-SC during the last three years has mainly been about whether the decline during the 
JARPA period of blubber thickness BT11has been demonstrated with sufficient statistical significance to justify 
its acceptance, although the decline in girth at the level of umbilicus and the decline in total fat weight have also 
been questioned (Konishi et al. 2008, de la Mare 2011, 2012). The results presented here clearly show that all 
five measures of energy storage declined substantially during the JARPA years, and that the declines in all five 
variables are statistically significant at the 5% level, in four of them highly significant. The point estimates of the 
decline of BT11 is the same as reported in Konishi et al 2008, and that is also the SE of the estimate (0.0024). 
The jack-knife reanalysis by Walløe and the simple mixed model runs by Skaug (Appendix 1) both 
overcompensated for the heterogeneity. Also for the decline of girth at the level of umbilicus and the decline in 
total fat weight the point estimates in the best mixed models are about the same as in Konishi et al (2008).  For 
all five dependent variables the values are higher for females than for males, the values increase during the 
feeding season and are higher for higher body coverage of diatoms which is assumed to be a measure of how 
long time the animal has spent in Antarctic waters.  
 
The results are about the same when each sex is analysed separately, but the decline is somewhat larger for 
females than for males. The decline in blubber thickness for females does not change to any large degree when 
foetal length is included as an additional independent variable.  
 
De la Mare suggested in the IWC-SC meeting in 2013 that for each whale the distance to the ice edge should be 
used as an independent variable in the analyses. The ice edge changes considerably from year to year and 
changes also within each research season. It will therefore be an insurmountable task to assign these distances to 
all whales in the database. As a proxy for the distance to the ice edge we have analysed separately the whales 
taken west of 155 E. In this area the coast goes roughly at a constant latitude, and the ice edge could perhaps as a 
first approximation also be regarded as being at a constant latitude, but possibly vary from year to year. We have 
analysed the blubber thickness at the level of umbilicus also for these whales with all the models with interaction 
terms and including random effects of latitude category for year category (LatCat | YearCat). The results 
remained the same as without these terms in the model with a strong and significant decline in blubber thickness. 
The BIC and AIC were also higher in these models than for models without these terms.  
 
In the IWC-SC de la Mare (2012) has argued that whales taken on the same transect most likely would have 
highly correlated properties, and for this reason were far from independent of each other. To investigate this 
possibility we included random-effects analyses with transects (track lines) as the sampling unit in the mixed-
effects models. All of the five models with lowest BIC values for the JARPA period and all models including 
random effects with track line as sampling unit still show a decline of coefficient of  year similar to that in 
Konishi et al. (2008) and Sag (2011; Appendix 1). Our interpretation of these results is that the correlation 
between whales on the same track line is small or is covered by including spatial explanatory variables as we 
have done. Thus whales sampled on the same transect can be regarded as independent of each other. This finding 
could be of importance also for other types of investigations.  
 
The results from the JARPA II period are very different from the JARPA period. There is no clear tendency of 
increase or decrease in any of the four measures of energy storage.  
 
When the two periods are analysed together, the results are in general a significant decline of the four variables 
we have used as proxies for energy storage, but the absolute value of the coefficients with time is smaller than 
for the JARPA period. This could of course be expected.  
 
The decline of energy storage during the 18 years JARPA period is substantial, close to 10% for fat weight and 
for the blubber thickness under the dorsal fin (BT11). Approximately at the end of the JARPA period the decline 
came to an end, and there is no further decline during the JARPA II period, nor an increase. The interpretation 
must be that there was a substantial decline in food availability during the JARPA period.  This interpretation is 
supported by the finding of a decrease in stomach contents weights during the JARPA and JARPA II periods 
1990/91 to 2009/10 (Konishi et al 2013).  
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What could be the explanation of the large decline in food availability during the 1990-ies and the following few 
years, followed by a constant food availability during the next years. One possibility is that the decline is caused 
by competition with rapidly growing humpback stocks during the JARPA period, and that this growth later has 
slowed down to a level which did not cause further difficulties for minke whale foraging. Another possibility is 
that some fundamental changes in the production of krill took place during these years, for instance caused by 
climatic changes, with the production decreasing from one level  and levelling off at another lower level 
 
The increase in the five proxies for energy storage from west to east is in need of an explanation. It could be a 
reflection of a better production of krill in the eastern JARPA area which is the one region of the Antarctic where 
the ice krill E crystallorophus dominates E . superba. It could also be explained if the I-stock and P-stock of 
minke whales had different feeding conditions north of the Antarctic feeding area. The gradient could then have 
been caused by the mixing of whales from the two stocks in the JARPA research area, as Kitakado et al (2013) 
have shown take place.  
 
Conclusions:  
On the statistical methods: De la Mare was right when he pointed out that simple multiple linear regressions 
could be dangerous when the multidimensional material could contain various forms of heterogeneity. However, 
when ordinary linear regressions are carried out on different subsets of the total material resulting in 
approximately the same results, as in Konishi at al. (2008), although not all regression runs were published, the 
point estimates of the regression coefficients are likely to be correct. The most dangerous part of the results is 
likely to be the SE of the coefficients. A jack-knife analysis can often take care of that problem, but may 
overcompensate for the heterogeneity, as has happened in the present example.  
 
On the substance: In this paper and in a parallel paper (Konishi et al 2013) from the JARPA and the JARPA II 
programmes we have shown that fundamental changes have taken place in the eastern part of the Antarctic 
marine ecosystem during the 1990-ies resulting in worsened feeding conditions for minke whales.   
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APPENDIX 3. 
 

Model: BT11jarpa17 

Residuals: 

    Min      1Q  Median      3Q     Max  

-2.5225 -0.5120 -0.0536  0.4419  3.4671  

Coefficients: 

Estimate   Std. Error   t value   Pr(>|t|) 

(Intercept)           2.651e+00  1.253e-01  21.160  < 2e-16 *** 

YearNum           -2.027e-02  2.367e-03  -8.564  < 2e-16 *** 

I(BLm^3)            5.390e-04  1.339e-04   4.025 5.80e-05 *** 

DateNum             8.737e-03  1.435e-03   6.088 1.24e-09 *** 

Diatom                 2.339e-01  9.328e-03  25.073  < 2e-16 *** 

LongCat11[T.2]   3.072e-02  9.247e-02   0.332  0.73978 

LongCat11[T.3]  -6.727e-02  8.668e-02  -0.776  0.43780 

LongCat11[T.4]  -2.165e-01  8.490e-02  -2.550  0.01081 * 

LongCat11[T.5]  -2.616e-01  8.553e-02  -3.058  0.00224 ** 

LongCat11[T.6]  -2.223e-01  8.659e-02  -2.568  0.01027 * 

LongCat11[T.7]  -1.351e-01  8.914e-02  -1.515  0.12979 

LongCat11[T.8]   2.843e-02  9.096e-02   0.313  0.75466 

LongCat11[T.9]  -1.543e-01  9.265e-02  -1.665  0.09600 . 

LongCat11[T.10] -1.527e-01  9.852e-02  -1.550  0.12123 

LongCat11[T.11] -6.713e-03  9.792e-02  -0.069  0.94535 

Sex[T.M]             -3.455e-01  2.806e-02 -12.311  < 2e-16 *** 

DateNum:LongNum  5.088e-05  1.011e-05   5.034 4.98e-07 *** 

--- 

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 

 

Residual standard error: 0.7539 on 4579 degrees of freedom 

  (22 observations deleted due to missingness) 

Multiple R-squared:  0.4007, Adjusted R-squared:  0.3986  

F-statistic: 191.3 on 16 and 4579 DF,  p-value: < 2.2e-16 
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APPENDIX 4 
 

Model: BT11jarpa18 

Random effects: 

 Groups       Name       Variance     Std.Dev.      Corr  

 YearCat    (Intercept)  5.274e-02     0.229661       

 DateNum   1.661e-05    0.004075    -0.83 

 Residual                      5.421e-01     0.736268       

Number of obs: 4596, groups: YearCat, 18 

 

Fixed effects: 

                  Estimate Std. Error t value 

(Intercept)      1.710e+00  3.765e-01   4.542 

YearNum         -1.885e-02  6.608e-03  -2.853 

I(BLm^3)         5.680e-04  1.314e-04   4.323 

DateNum          1.016e-02  2.692e-03   3.774 

Diatom           2.298e-01  9.290e-03  24.737 

LatNum           1.297e-02  4.749e-03   2.731 

LongNum          2.723e-03  2.714e-03   1.003 

LongCat11[T.2]  -7.730e-02  1.045e-01  -0.740 

LongCat11[T.3]  -2.512e-01  1.292e-01  -1.943 

LongCat11[T.4]  -4.295e-01  1.587e-01  -2.707 

LongCat11[T.5]  -5.414e-01  1.971e-01  -2.747 

LongCat11[T.6]  -5.238e-01  2.327e-01  -2.251 

LongCat11[T.7]  -4.832e-01  2.727e-01  -1.772 

LongCat11[T.8]  -3.361e-01  3.035e-01  -1.107 

LongCat11[T.9]  -6.055e-01  3.476e-01  -1.742 

LongCat11[T.10] -6.193e-01  3.815e-01  -1.624 

LongCat11[T.11] -5.428e-01  4.260e-01  -1.274 

Sex[T.M]        -3.306e-01  3.035e-02 -10.895 

DateNum:LongNum  3.905e-05  1.924e-05   2.030 
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Correlation of Fixed Effects: 
            (Intr) YearNm I(BL^3 DateNm Diatom LatNum LongNm LC11[T.2 LC11[T.3 LC11[T.4 LC11[T.5 LC11[T.6 LC11[T.7 LC11[T.8 LC11[T.9 LC11[T.10 LC11[T.11 S[T.M] 

YearNum     -0.136                                                                                                                                              

I(BLm^3)    -0.289 -0.023                                                                                                                                       

DateNum     -0.322 -0.052 -0.020                                                                                                                                

Diatom       0.056 -0.012  0.023 -0.024                                                                                                                         

LatNum      -0.827 -0.026  0.051  0.085 -0.109                                                                                                                  

LongNum     -0.351 -0.039  0.020  0.291  0.034 -0.020                                                                                                           

LngC11[T.2]  0.041  0.024 -0.017 -0.154 -0.027 -0.015 -0.461                                                                                                    

LngC11[T.3]  0.103  0.087 -0.019 -0.265 -0.038  0.018 -0.695  0.760                                                                                             

LngC11[T.4]  0.105  0.066 -0.022 -0.180 -0.045  0.082 -0.804  0.721    0.921                                                                                    

LngC11[T.5]  0.136  0.068 -0.021 -0.121 -0.045  0.080 -0.859  0.681    0.882    0.944                                                                           

LngC11[T.6]  0.158  0.046 -0.031 -0.101 -0.035  0.083 -0.888  0.649    0.857    0.935    0.962                                                                  

LngC11[T.7]  0.171  0.036 -0.029 -0.106 -0.047  0.079 -0.898  0.617    0.824    0.909    0.943    0.964                                                         

LngC11[T.8]  0.179  0.032 -0.022 -0.078 -0.048  0.075 -0.909  0.601    0.810    0.903    0.943    0.966    0.981                                                

LngC11[T.9]  0.233  0.026 -0.020 -0.044 -0.040  0.016 -0.915  0.581    0.789    0.889    0.938    0.963    0.976    0.984                                       

LnC11[T.10]  0.245  0.020 -0.021 -0.033 -0.039  0.008 -0.918  0.568    0.776    0.880    0.932    0.958    0.971    0.982    0.992                              

LnC11[T.11]  0.234  0.007 -0.013 -0.062 -0.037  0.037 -0.929  0.557    0.766    0.873    0.924    0.950    0.960    0.972    0.982    0.984                     

Sex[T.M]    -0.465 -0.007  0.514  0.005 -0.144  0.372  0.016 -0.027   -0.017   -0.011   -0.009   -0.010   -0.011   -0.012   -0.025   -0.029    -0.019           

DatNm:LngNm  0.373  0.066  0.012 -0.909  0.015 -0.189 -0.304  0.150    0.237    0.147    0.089    0.071    0.078    0.052    0.023    0.014     0.051    -0.021 

 

 


