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The data were collected by Dan Richards and his crew.  The use of the data to illustrate analysis methods is greatly appreciated.  Information about the survey and protocols are available at http://www.nature.nps.gov/im/units/chis/htmlpages/KFM-HandbookVol1.pdf and http://www.nature.nps.gov/im/units/chis/htmlpages/KFM-HandbookVol2.pdf. 

Figure 1.  Site Locations.
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Plots within sites are not true replicates because they were not independently selected (Neter et al. 1996: 1047, Steel and Torrie 1980: 124-126).  Consequently, the analysis was conducted on the annual site means (Table 1).  There are five islands and several sites on each island.  Data were collected since 1982.  For the purpose of the analysis, the years have been split into two periods: 1982-1991 and 1992-2001.

Table 1.  Red Urchin Mean Annual Counts for sites at Channel Islands National Park (1982-2001).

	First Period

	Island
	Site
	1982
	1983
	1984
	1985
	1986
	1987
	1988
	1989
	1990
	1991

	AN
	AR
	3.379
	2.875
	4.550
	5.475
	5.725
	6.300
	6.750
	6.550
	7.850
	3.225

	AN
	CC
	5.500
	4.100
	4.675
	4.925
	3.250
	3.800
	4.700
	3.975
	6.025
	4.125

	AN
	LC
	1.733
	2.275
	2.225
	2.425
	1.900
	2.375
	3.025
	2.875
	1.250
	3.625

	SB
	AP
	2.867
	2.375
	2.925
	3.300
	3.250
	3.175
	1.675
	2.175
	1.700
	2.350

	SB
	CAT
	2.914*
	2.734*
	2.977*
	3.632*
	1.450
	1.750
	2.675
	2.775
	2.575
	1.700

	SB
	SESL
	5.567
	8.250
	5.575
	4.675
	5.450
	3.200
	 1.750
	1.450
	1.225
	1.600

	SC
	FH
	1.967
	2.525
	1.775
	2.325
	3.350
	2.650
	1.825
	1.750
	1.625
	1.575

	SC
	GI
	5.800
	3.650
	6.700
	12.875
	11.075
	5.525
	2.550
	1.700
	2.450
	0.500

	SC
	PB
	3.067
	3.025
	3.900
	3.325
	4.925
	2.350
	1.275
	2.450
	2.725
	2.225

	SC
	SA
	2.433
	2.325
	2.225
	2.675
	5.450
	3.250
	0.700
	2.125
	1.350
	0.400

	SC
	YB
	2.683*
	2.503*
	2.746*
	3.401*
	3.925
	1.500
	1.475
	0.700
	0.325
	2.225

	SM
	HR
	8.100
	6.450
	6.375
	9.525
	14.675
	10.600
	10.600
	11.850
	9.225
	11.200

	SM
	WL
	0.567
	0.750
	0.300
	1.450
	3.050
	1.750
	1.825
	2.625
	2.500
	0.600

	SR
	JLNO
	4.575
	1.825
	2.325
	3.400
	2.775
	2.425
	1.525
	2.550
	0.175
	0.450

	SR
	JLSO
	2.200
	2.450
	3.950
	6.875
	9.100
	3.425
	2.700
	2.000
	1.025
	0.475

	SR
	RR
	4.658*
	3.525
	5.700
	8.300
	9.950
	5.950
	4.450
	3.950
	6.775
	2.175

	Second Period

	Island
	Site
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001

	AN
	AR
	6.250
	7.575
	5.775
	9.900
	9.417
	7.583
	5.083
	8.792
	8.000
	7.625

	AN
	CC
	4.325
	3.925
	3.975
	6.450
	5.833
	4.458
	3.333
	5.333
	4.042
	7.458

	AN
	LC
	1.075
	3.125
	3.100
	2.750
	3.500
	2.667
	3.292
	3.667
	3.292
	4.417

	SB
	AP
	3.100
	2.825
	5.000
	11.350
	2.708
	3.750
	2.875
	14.208
	15.208
	7.875

	SB
	CAT
	2.225
	3.250
	4.350
	11.400
	11.958
	13.417
	7.500
	7.792
	9.000
	6.375

	SB
	SESL
	1.825
	2.675
	7.175
	4.600
	2.542
	2.833
	1.333
	9.958
	5.125
	3.125

	SC
	FH
	0.550
	1.175
	1.350
	2.650
	2.000
	1.750
	1.833
	4.458
	7.792
	5.625

	SC
	GI
	1.600
	2.550
	2.625
	6.250
	5.667
	6.417
	5.542
	13.750
	10.167
	7.792

	SC
	PB
	1.575
	1.350
	4.600
	3.825
	1.792
	1.875
	2.250
	4.708
	4.167
	4.458

	SC
	SA
	0.900
	0.350
	0.600
	1.575
	1.250
	1.292
	1.250
	1.250
	2.833
	4.083

	SC
	YB
	0.250
	0.550
	0.400
	0.625
	0.375
	1.792
	1.917
	1.583
	4.458
	3.000

	SM
	HR
	9.500
	6.575
	9.250
	13.050
	10.083
	13.083
	11.708
	21.792
	14.750
	13.208

	SM
	WL
	0.575
	0.550
	0.450
	0.500
	0.000
	0.292
	1.542
	0.958
	1.875
	5.417

	SR
	JLNO
	0.200
	0.200
	0.275
	0.150
	0.417
	0.417
	0.792
	1.417
	5.375
	4.083

	SR
	JLSO
	0.225
	0.800
	0.200
	0.975
	0.750
	0.000
	2.583
	2.042
	1.542
	6.333

	SR
	RR
	3.100
	4.550
	2.750
	5.575
	3.750
	4.458
	6.375
	8.792
	10.958
	8.708


* Imputed values

Figure 2.  Plots Of Mean Counts By Island.
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[image: image5.emf]Figure 4.  Transformed Red Urchines
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[image: image6.emf]Santa Barbara Island Red Urchins
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[image: image7.emf]San Miguel Island Red Urchins
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[image: image8.emf]Santa Rosa Island Red Urchins
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I checked to see if the data needed to be transformed because of nonnormality or unequal error variances (Neter et al. 1996: 126-134).  The variance on the untransformed mean counts increased with their mean (Figure 3).  A log transformation [ln (mean count + 0.075] removed that dependence (Figure 4).   The logarithm of zero is not defined, so some constant must be added.  I used half the lowest value to reduce the effect of this addition.  The log transformation also linearized multiplicative trends, but a square root transformation could also be used. This transformation also improved the normality of the means (Figures 5 and 6).
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[image: image10.emf]Santa Cruz Island Red Urchins
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Figure 5.  Normal Probability Plot

Figure 6.  Normal Probability Plot

For Untransformed Means


For Log Transformed Means
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