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Abstract The gonad index, GI, is widely used as a

measure of changes in reproductive state. There are,

however, problems with its use because it is based on the

implicit assumption of an isometric relationship between

gonad size and some measure of total size. If, for example,

gonad weight and total weight are used, the exponent for an

allometric relationship usually is ignored and hence

assumed to be 1.0. It is further assumed that this exponent

is fixed for all states of the reproductive cycle and that

gonads begin to develop at size = 0. Data for the purple

sea urchin Strongylocentrotus purpuratus at Gregory Point,

Oregon, USA, gathered over a period of 31 months showed

that these assumptions cannot be supported. The relation-

ship is better modeled with a function that (1) takes into

account size of initial gonad production and (2) allows

allometric exponents that vary with site or season. Thus, a

better approach is to use a wide range of sizes to estimate

size when gonads begin to develop and then, with this

correction, ANCOVA to test for differences of gonad size

among samples. Gonad changes at Gregory Point were

estimated using fixed sizes of 5 cm diameter and 60 g total

weight. Publishing means for X and Y, the standard error of

the estimate, R2, and slope for each regression are shown to

be sufficient to compare our results with results across

studies.

Introduction

Describing morphological changes in body parts with ratios

is pervasive in biology and has been used for decades.

Criticism of ratios or body indices also is of long standing

(e.g., Atchley et al. 1976; deVlaming et al. 1982) and

consensus of critics is that ANCOVA is a superior

approach to analysis (e.g., Packard and Boardman 1987,

1999; Raubenheimer and Simpson 1992). Comparison of

analyses using ratios and ANCOVA has shown that errors

due to the statistical analysis of ratio-based indices may be

more serious than generally appreciated (Beaupre and

Dunham 1995). Nevertheless, ratios are intuitive and

easy to calculate whereas ‘‘…use and interpretation of

ANCOVA requires a greater statistical sophistication …’’

(Liermann et al. 2004). With the nearly universal avail-

ability of statistical software, however, ANCOVA is

readily available and not difficult to use with the sorts of

data sets associated with changes in sizes of body parts.

Work we present here focuses on use of a gonad index in

sea urchins but the problem is very general because dis-

sections of many organisms are done for various reasons

and indices continue to be the summary of choice.

The gonad index, gonosomatic index, or gonadosomatic

index, GI, has taken a variety of forms for marine inver-

tebrates (Table 1) including wet and dry weights (e.g.,
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Table 1 Examples of ways a gonad index, GI, has been calculated for different marine invertebrates and usually expressed as percent; this list is

not exhaustive

Invertebrate group References

Echinodermata

Echinoidea

Gonad wt wet/total wt wet Lawrence et al. (1965), Giese (1966), Pearse (1968), Vernon et al. (1993),

Vadas et al. (2000), McCarthy and Young (2002), Bigatti et al. (2004),

Lester et al. (2007)

Gonad vol/total wt wet Bennett and Giese (1955), Giese et al. (1959)

Gonad wt dry/total wt dry Excluding body fluid and gut contents. Gonor (1972)

Including gut contents. Laegdsgaard et al. (1991), Raymond and Scheibling

(1987), Guillou and Lumingas (1999)

Gonad vol/test vol Moore et al. (1963), McPherson (1965), Lewis and Storey (1984)

Gonad vol/test diameter Lewis (1958)

Gonad vol/test diameter3 Lewis (1966)

Gonad vol/body wt dry without gut contents Lessios (1981)

4 gonads wt dry/body wt dry Body is without gonads and gut, Lozano et al. (1995)

Gonad wt wet/drained body wt wet Kramer and Nordin (1975), Bernard (1977)

Gonad wt wet/eviscerated test wt wet Kelly et al. (2001), MacCord and Ventura (2004)

Gonad wt dry/test diameter3 Guettaf et al. (2000)

Gonad wt dry/test diameter2 height Ebert (1968)

Gonad wt dry/eviscerated test wt dry Guillou and Lumingas (1998)

Ophiuroidea

Gonad wt dry/eviscerated body wt dry ‘‘Body’’ excludes arms, gut, and gonads; Bourgoin and Guillou (1990)

Gonad wt dry/total weight dry Lefebvre et al. (1999)

Asteroidea

Gonad wt wet/total wt wet Lawrence (1973), Boivin et al. (1986), Chen and Chen (1992), Byrne et al.

(1997)

Gonad wt dry/eviscerated body wt dry ‘‘Eviscerated’’ = no gonads or pyloric cacea; Barker and Xu (1991), Byrne

(1992)

Gonad wt dry/body wt dry (without gonads) Nojima (1979)

Gonad vol/eviscerated wt wet Without gonad and pyloric caeca; Town (1980), Nichols and Barker (1984)

Holothuroidea

Gonad wt wet/body wall wt wet Chao et al. (1995)

Gonad vol/body wall wt wet Body weight is without viscera or body fluid; Cameron and Fankboner

(1986)

Gonad wt wet/gutted body wt wet Gutted body is whole animal minus gut and gonad; Gutt et al. (1992)

Gonad wt wet/total body drained of fluid Ong Che and Gomez (1985)

Arthropoda

Crustacea

Gonad wt dry/carapace width Diez and Lovrich (2010)

Gonad wt wet 9 105/L3 (L = carapace length) Pérez-González et al. (2009)

Gonad wt wet/carapace length Quackenbush and Herrnkind (1981)

Cnidaria

Gonad wt dry/total wt dry Chadwick-Furman et al. (2000)

Gonad vol/total wt wet Ford (1964)

Mollusca

Cephalopoda

Nidamental gland or testis (mm)/mantle (mm) Costa and Fernandes (1993)

Gonad wt wet/total body wt wet Hatfield and Murray (1999)
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Lawrence et al. 1965; Gonor 1972), volumes (e.g., Moore

et al. 1963), linear measurements (e.g., Costa and Fer-

nandes 1993) and units of energy (e.g., Olive et al. 1997).

Mixtures of linear and weight measurements may or may

not include exponents. For example, in studies of Crusta-

cea, carapace width or length has been used without an

exponent (Diez and Lovrich 2010) or with an assumed

exponent of 3 (Pérez-González et al. 2009). With bivalves,

the mantle may or may not be included in the denominator

(Hines 1979; Nicastro et al. 2010).

For ophiuroids, body weight may mean total (Lefebvre

et al. 1999) or excluding arms, gut, and gonads (Bourgoin

and Guillou 1990). Similarly in asteroids, body weight

may mean total (Boivin et al. 1986; Chen and Chen 1992;

Byrne et al. 1997) or eviscerated with gonads removed

(Nojima 1979) or both gonads and the pyloric cacea

removed (Barker and Xu 1991; Byrne 1992). Measures

could be either wet or dry. Gonad indices for holothurians

generally use the body drained of fluid (e.g., Ong Che and

Gomez 1985) but may also include removal of gut and

gonad (e.g., Cameron and Fankboner 1986; Gutt et al.

1992).

In studies of sea urchins (echinoids), measurements have

been of whole body weight and gonad volume (Bennett and

Giese 1955), volume for both gonads and body (Moore

et al. 1963), dry weights sometimes excluding gut contents

(Gonor 1972) and sometimes including gut contents

(Laegdsgaard et al. 1991). Sometimes only some of the five

gonads have been used (Lozano et al. 1995; Byrne et al.

1998). When linear and weight measurements have been

mixed, diameter has been cubed (e.g., Lewis 1966; Guettaf

et al. 2000), sometimes not (Lewis 1958), and may include

height as well as diameter (Ebert 1968). Finally, in some

studies, body wet weight was used following evisceration

or draining of body fluid (Kramer and Nordin 1975; Kato

and Schroeter 1985; Guillou and Lumingas 1998; Kelly

et al. 2001).

Over the years, analysis for sea urchins has settled on

using wet weight of the gonad divided by the total wet

weight multiplied by 100% (e.g., Hughes et al. 2006; Kirby

et al. 2006; Lester et al. 2007; Lau et al. 2009), which is

GI ¼ gonad=total� 100%: ð1Þ

The general form of the gonad index (GI), however, is an

allometric equation (power function) of gonad size (G) and

some measure of total body size (S)

G ¼ aSb ð2Þ

and, with the assumption that b = 1.0, a is what Byrne

et al. (1998) have called the ‘‘gonad retrieval rate’’. The

parameter a is the slope of a linear regression of gonad

weight as a function of total weight with a 0-intercept.

Rearrangement of Eq. 2 is

a ¼ G=Sb ð3Þ

and a is the gonad index, GI; the ‘‘gonad retrieval rate’’ is

the same as Eq. 1. Equation 3 is the form of all of the

examples in Table 1.

The first problem is that for Eq. 3 to be the same as

Eq. 1, the exponent b must be equal to 1.0. If size, S, is a

linear measurement the exponent b may be arbitrarily

assigned the value 3 (e.g., Lewis 1966; Guettaf et al. 2000;

Pérez-González et al. 2009) or may be used without an

exponent, which assumes that b is 1.0 (Diez and Lovrich

2010). Damián et al. (2009) calculated b then fixed the

value for an ANCOVA with a restricted set of size classes.

A second problem is that gonads begin to develop at a

size that is not equal to zero and so Eq. 2 requires an

additional parameter

G ¼ a S� Cð Þb ð4Þ

where C is the size when gonads begin to develop. In gen-

eral, this problem is not addressed (e.g., Diez and Lovrich

2010). Equation 4 has, however, been used to estimate C for

several sea urchin species (Ebert and Russell 1994; Russell

1998; Ebert 1998, 2008, 2010b; Selden et al. 2009) but

interest in the general problem of change in relative growth

of gonads is of long standing (e.g., Robb 1929).

Additional problems with Eq. 1 center on the use of

ratios when the independent variable appears as X but also

is used in Y (cf. Atchley et al. 1976) as is the case where a

body index is plotted as a function of total size to show a

Table 1 continued

Invertebrate group References

Bivalvia

Gonad wt wet/total tissue wt wet Hines (1979)

Mantle wt dry/(body-mantle) wt dry Nicastro et al. (2010)

Gastropoda

Gonad wt wet/somatic tissue wt wet Liu (1994)

Annelida

Gonad energy/total body energy in joules Olive et al. (1997)
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size-dependent relationship (e.g., Gonor 1972). ‘‘Part-

whole correlation’’ (Christians 1999) where total weight

includes gonad weight, and the total weight changes as

gonad weight changes, is not a problem in sea urchin

studies: total weight is independent of gonad weight

because of the inverse relationship between body fluid and

gonad weight. This inverse relationship, however, is a

problem with the calculation of a gonad index, GI, using

drained weight (Kramer and Nordin 1975; Bernard 1977).

There are various uses of the GI with the most basic

being a simple description of a periodic, usually annual,

reproductive cycle (e.g., Bennett and Giese 1955; Law-

rence et al. 1965; Pearse 1968; Lewis and Storey 1984;

Bigatti et al. 2004). Although not certain, the GI probably

is suitable if this is the only goal of the study. When

comparisons of the GI using additional statistical analyses

are made across sites (e.g., Guillou and Lumingas 1999;

Lester et al. 2007), sizes (e.g., Gonor 1972), or seasons

(e.g., Laegdsgaard et al. 1991) failure to use an appropriate

allometric model may influence conclusions (cf. Beaupre

and Dunham 1995).

Our goal is to show problems associated with applica-

tion of a body index, and the gonad index in particular. We

also demonstrate the use of ANCOVA in analysis of a 31-

month study of gonad changes in the US west coast purple

sea urchin Strongylocentrotus purpuratus and finally show

how analysis in this manner permits use of the results in

this paper to test for differences in future studies. In this

regard, it is a problem of selecting the minimum number of

summary statistics that need to be published in order to do

a statistical analysis without access to raw data although

raw data always will be best.

Methods

Purple sea urchins (Strongylocentrotus purpuratus) were

collected monthly during low tides at Gregory Point, Ore-

gon (43� 200 N; 124� 220 W) from January 2007 through

July 2009. Test diameter was measured with digital cali-

pers, total wet weight determined, and gonads removed and

weighed wet. A range of sizes was collected each month

and during the entire study spanned 2.5–9.2 cm for test

diameter and 8.3–298 g for total wet weight.

The first step in analysis was to estimate the parameter

C for both diameter and total wet weight in Eq. 4, which

was done by nonlinear regression (NONLIN in SYSTAT

2004). Samples were selected that had individuals suffi-

ciently small that estimates of C were less than 1 cm or 1 g

total wet weight and included some from Gregory Point,

Boiler Bay, Yaquina Head and Sunset Bay in Oregon and

Arena Cove and Yankee Point in California. The model

used was

lnG ¼ Aþ b ln S� Cð Þ ð5Þ

where G is gonad wet weight (g), A is lna, and S is either

diameter (cm) or total wet weight (g). A logarithmic

transformation was used to minimize the influence of

increasing variation in gonad sizes of large individuals on

the estimate of C.

Following the determination of C, the next step was to

test whether a single exponent, b, was appropriate for all

monthly samples, which was done by an ANCOVA using

the general linear model (GLM) in SYSTAT. There are

31 monthly samples and all could have the same value of b
or b could change as gonads increase and decrease in

weight. The model can be thought of as making A and b in

Eq. 5 linear functions of the sample number (month) that

goes from January 2007 (sample #1) to July 2009 (sample

#31). Sample number was treated as a descriptive factor in

the analysis and not ordinal. Samples could have been

called a, b, c, etc. Including ‘‘sample’’ in the analysis is

A ¼ b1sample þ c1 ð6Þ
b ¼ b2sample þ c2 ð7Þ

Substituting Eqs. 6 and 7 into Eq. 5 is

lnG ¼ b1sample þ c1 þ ðb2sample þ c2Þ � ln S� Cð Þ
ð8Þ

or

lnG ¼ b1sample þ c1 þ c2ln S� Cð Þ þ b2sample

� ln S� Cð Þ: ð9Þ

The question is whether the interaction term, sam-

ple 9 ln(S - C), can be viewed as the same for all samples

and this can be answered by using ANCOVA or by multiple

regression. We used ANCOVA. If the interaction term of

sample 9 ln(S - C) cannot be considered to be the same for

all samples, each sample needs a separate regression.

Comparisons across sites were done by selecting a fixed

size for diameter or total wet weight. A convenient way of

doing this and obtaining 95% confidence limits for gonad

weight is by nonlinear regression. In SYSTAT, as part of

the estimation of A and b (Eq. 5), an additional line of code

can be added as a function of parameters. We used a

diameter of 5 cm and total wet weight of 60 g, which are

values well within the range of purple sea urchin sizes

along the Pacific coast of North America (Ebert 2010a).

Using diameter as the covariate

FUNPAR G 5 ¼ Aþ b � LOG 5� Cð Þ ð10Þ

at a diameter of 5 cm or

FUNPAR G 60 ¼ Aþ b � LOG 60� Cð Þ ð11Þ

with total wet weight used as the covariate and 60 g as the

fixed size. G_5 and G_60 are the ln gonad weights for these
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sizes. For comparison, analysis was also done using Eq. 4

without a logarithmic transformation because a logarithmic

transformation weights small sizes and decreases the con-

tribution to variation of large individuals.

An alternative to using FUNPAR in SYSTAT is to use

the linear regressions of ln gonad weight as a function of

ln(5 - C) for diameter or ln(60 - C) for total weight and

then use the estimated slopes and intercepts to calculate ln

gonad weight as well as the 95% confidence limits for the

estimate at 5 cm or 60 g or other value of X (cf. Zar 1974

or any statistics test).

A final problem was how to present information so that

it could be compared with other studies. The best approach

always is to use the raw data, but much can be done with

summary statistics. Our solution is to focus on the mini-

mum number of summary statistics required so results

presented here can be used by other investigators to test for

differences in gonad development.

Results

Dissection data used to estimate C (Eq. 4) with size, S, as

diameter measured in centimeters (Fig. 1) included indi-

viduals sufficiently small that a reasonable estimate of

C could be obtained. A difficulty was with the dissection

of gonads in very small individuals and the resolution of

different balances that were available at laboratories.

Estimates of C (Table 2) were 0.7 cm for diameter and

0.5 g for wet weight and used with Eqs. 4 and 5 in the

following analyses.

An example of data for Gregory Point (Fig. 2) shows

seasonal changes from January–December 2007 with

Fig. 1 Four of the samples used for Strongylocentrotus purpuratus to

estimate C, the diameter when gonads begin to develop (Table 2)

Table 2 Estimates of C, the size when gonads begin to develop

Site Date N R2 C (cm) SE

A. Diameter (cm)

Sunset Bay, OR 8-Jun-85 14 0.97 0.858 0.397

Yaquina Head, OR 6-Jun-85 10 0.92 0.690 1.112

Yaquina Head, OR 17-May-87 10 0.97 0.411 1.053

Gregory Point, OR 16-May-07 20 0.95 0.519 1.088

Gregory Point, OR 23-Jun-09 20 0.93 0.747 1.337

Arena Cove, CA 16-Jan-07 20 0.89 0.858 1.017

Arena Cove, CA 5-May-07 20 0.84 0.627 1.815

Arena Cove, CA 15-Jul-07 20 0.92 0.894 0.435

Arena Cove, CA 18-Jul-08 20 0.76 0.879 0.937

Arena Cove, CA 30-Sep-08 20 0.83 0.869 0.652

Arena Cove, CA 17-Oct-08 20 0.8 0.597 0.408

Arena Cove, CA 25-Nov-08 20 0.89 0.544 0.414

Mean = 0.708 cm

Site Date N R2 C (g) SE

B. Total wet weight (g)

Boiler Bay, OR 12-Aug and

15-Oct-07

40 0.92 0.499 0.746

Yaquina Head, OR 17-May-87 10 0.97 0.875 2.535

Yankee Point, CAa Dec-65 16 0.98 0.057 0.368

Arena Cove, CA 25-Nov-08 20 0.89 0.455 0.432

Mean = 0.471 g

a Based on data from Giese (1967)

Fig. 2 Monthly dissections of Strongylocentrotus purpuratus at

Gregory Point, Oregon, showing increasing spread of data points

with increasing diameter and the presence of outliers particularly in

August and October
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highest values in February and lowest in April. Variation

in gonad weights increased with diameter and included

outliers such as a high gonad weight in August and a very

low gonad weight in October. Outliers were included in

all analyses. An ANCOVA for all 31 monthly samples

(Table 3) for both independent variables ln(Dia - 0.7) and

ln(Total - 0.5) showed that in both cases the interaction

of Sample 9 Independent Variable (diameter or total wet

weight) indicated that a common slope was not appropriate

for further analysis (P \ 0.00001). Consequently, individ-

ual regressions were used for each sample.

A first approach was to examine slopes for patterns. If just

one or two slopes were very different then it still may have

been reasonable to continue with a common slope. A pattern

of slopes, however, was clear both for ln(Dia - 0.7) and

ln(Total - 0.5) (Fig. 3) with high and low points that

showed an annual cycle. The largest slope, b, occurred in

June 2007, which was 2 months after the smallest gonads

in April 2007 (Fig. 2). The smallest slope (Fig. 3) was in

November 2007, 2–3 months before the largest gonads were

detected. It is clear (Fig. 3) that use of diameter or total wet

weight provide nearly identical patterns and neither provide

exponents that consistently correspond with the expected

values of 3.0 for diameter or 1.0 for total wet weight.

An approach to comparing sites or samples is to select

some size, either diameter (5.0 cm) or total wet weight

(60 g), and estimate the gonad wet weight for such a fixed

size. This summary, which is virtually identical for diam-

eter or total wet weight (Fig. 4) shows similar patterns of

Table 3 ANCOVA for monthly gonad dissections of Strongylocentrotus purpuratus at Gregory Point, Oregon from January 2007–August 2009;

20 urchins were dissected for each month

Source SS df MS F-ratio P

A. Diameter measurements in centimeters

ln (Dia - 0.7) 449.499918 1 449.4999 3281.373 \0.000001

Sample 20.384785 30 0.67949 4.9603 \0.000001

ln (Dia - 0.7) 9 Sample 11.826195 30 0.39421 2.8777 0.000001

Error 76.437806 558 0.13699

Source SS df MS F-ratio P

B. Total wet weight in grams

ln (Total - 0.5) 454.91795 1 454.91795 3321.3185 \0.000001

Sample 21.164651 30 0.705488 5.150712 \0.000001

ln (Total - 0.5) 9 Sample 13.02493 30 0.434164 3.169798 \0.000001

Error 76.428748 558 0.136969

Fig. 3 Monthly changes of the allometric exponent b with analyses

of diameter or total wet weight as covariates and with corrections,

C, for when gonads begin to develop

Fig. 4 Change in gonad weight for Strongylocentrotus purpuratus
over 31 months at Gregory Point, Oregon; a diameter fixed at 5 cm;

b total wet weight fixed at 60 g; error bars are 95% confidence limits
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peaks and valleys across years but also yearly differences

using either diameter or total wet weight with respect to

times when gonad weight drops as well as the rate of this

change. An interesting feature of the graph is the differ-

ences in the 95% confidence intervals, which are largest

when gonads are large and smallest when gonads are small.

This pattern is not surprising in examining the 2007 data

(Fig. 2) where the spread of data points for large individ-

uals is greatest when gonads are large.

The choice of using logarithmic transformation has

consequences for how lines pass through the data points

because small values are given greater weight in analysis.

Differences between transformed and nontransformed data

often are not great but in some cases fitted lines can be very

different. Data for the first 4 months of the study (Fig. 5)

show results for both transformed and untransformed data

and for both diameter and total wet weight measurements

of the covariate. In all cases using transformed data, a

better fit for small individuals is provided and so initially in

all cases the line for untransformed data lies above the line

for transformed data. In some instances (5 April 2007),

relative position remains for all sizes, diameter or total wet

weight. For other samples, the lines for transformed and

untransformed cross including going from positive to

negative allometry (15 March 2007 total wet weight). The

problems lie with how the variance of gonad weight

changed with size and if there were outliers, as is the case

for the 15 March sample. Outliers always were included in

analysis. For purposes of gonad analyses, reducing such

variability with a logarithmic transformation is appropriate

and is our choice for analysis. Transformation also makes

comparison easier because linear models can be used.

Five summary statistics of regressions using Eq. 5 are

sufficient to permit other workers to compare their results

with ours. These statistics are the means of X and Y, the

standard error of the estimate, the coefficient of determina-

tion (R2), and the slope of the regression, which is b. The

following steps show how to reconstitute the important

products and test for differences of slopes and intercepts.

Notation follows Zar (1974). The standard error of the

estimate

SEest ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

MSresid

p

ð12Þ

and so

SSresid ¼ ðSEestÞ2 � n� 2ð Þ ð13Þ

The total sums of squares SStot ¼ SSresid=ð1� R2Þ ð14Þ

and so the sums of squares for the regression

SSreg ¼ SStot � SSresid: ð15Þ

To compare samples, one also needs the means for

X (ln(Dia - 0.7) or ln(Total - 0.5)) and Y (lnGonad).

Slopes, b, are compared with a t-test

t ¼ b1 � b2

sb1�b2

ð16Þ

where

sb1�b2
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

s2
y�x

� �

p
P

x2ð Þ1
þ

s2
y�x

� �

p
P

x2ð Þ2

v

u

u

t

: ð17Þ

The pooled residual mean square is

s2
y�x

� �

p
¼ ðSSresidÞ1 þ ðSSresidÞ2
ðDFresidÞ1 þ ðDFresidÞ2

: ð18Þ

It also is necessary to know the sums of squares of x and

cross products xy, for each sample,

X

x2 ¼
P

xyð Þ2

SSreg

ð19Þ

and

X

xy ¼ SSreg

b
: ð20Þ

The calculations for t can now be completed and the test

has n1 ? n2 - 4 degrees of freedom.

Fig. 5 Examples of fitted lines for Strongylocentrotus purpuratus
gonad data using transformed (solid line Eq. 5) and untransformed

(dashed line Eq. 4) data and both diameter and total wet weight
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If slopes are judged to be different, this is the end of the

analysis and separate regressions would be used for the two

samples that include different slopes and intercepts. If, on

the other hand, slopes are judged to be equal, analysis

proceeds to a test for equality of intercepts.The first step is

calculation of a common or weighted slope

bc ¼
P

xyð Þ1þ
P

xyð Þ2
P

x2ð Þ1þ
P

x2ð Þ2
ð21Þ

The calculation of a t-value also requires a residual sum of

squares for the common regression

s2
y�x

� �

c

¼
SStotð Þ1þ SStotð Þ2�

P

xyð Þ1þ
P

xyð Þ2
� �2

.

P

x2ð Þ1þ
P

x2ð Þ2
� �

n1 þ n2 � 3

ð22Þ

and so

t ¼
Y1 � Y2

� �

� bc X1 � X2

� �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

s2
y�x

� �

c

1
n1
þ 1

n2
þ X1�X2ð Þ2
P
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þ
P

x2ð Þ
2

� �

s ð23Þ

with n1 ? n2 - 3 degrees of freedom. An EXCEL file is

available as an electronic supplement (Online Resource 1)

to do these calculations with the summary statistics.

A comparison of results using the summary statistics

compared with raw data for the 12 June 2007 from Gregory

Point and the 8 June 1985 sample from Sunset Bay

(Table 4) shows that the results are identical. Table 4B first

shows the test for the equality of slopes by a t-test followed

by the test for equality of intercepts. Table 4C is an

ANCOVA (GLM, SYSTAT 2004) using raw data first

testing for the significance of the interaction term of

Sample 9 ln(Dia - 0.7) followed by a repeat of the

analysis without interaction. The P-values are the same for

the two analyses.

For comparison with analyses using Equations 4 and 5,

a mean gonad index (Eq. 1) was calculated for each of the

31 monthly samples from Gregory Point using gonad and

total wet weight (Fig. 6). The annual cycle is clear and

shows differences across years and so discerning a pattern

was not sensitive to violating the assumptions of the allo-

metric exponent b = 1.0 and the correction for gonad

development starting at C = 0. The gonad index, GI, was

always above the other two measures, which is reasonable

because the monthly total weights ranged from 110 to

131 g and so were always greater than 60 g. Differences,

however, were greatest when gonads were large and

smallest when gonads were small such as in April 2007 and

2008. An important point is that comparing the GI results

with other studies or across years cannot be done because

of the allometric problems presented here. The differences

shown by comparing the GI measures with a fixed size at

60 g illustrate what would happen if the Gregory Point data

would be compared with another site where urchins were

smaller but had gonad development that was the same as at

Table 4 Comparison of samples from Gregory Point and Sunset Bay

using summary statistics (A and B) and ANCOVA using raw data (C)

Sample N Mean X Mean Y R2 SEest Slope b

A. Summary statistics

Greg. Pt

12-Jun-

07

20 1.679126 1.868634 0.928457 0.362400 4.000330

SS Bay

8-Jun-85

14 1.482973 0.612659 0.965010 0.388767 3.547010

Test t df P

B. Analysis

Equality of

slopes

1.3816 30 0.1773 Common slope = 3.694488

Equality of

elevations

3.9230 31 0.0005

Source SS df MS F-ratio P

C. ANCOVA with raw data

First a test of the interaction term Sample 9 ln(Dia - 0.7)

ln(Dia - 0.7) 73.6772 1 73.6772 529.0769 \0.0001

Sample 0.0188 1 0.0188 0.1352 0.7157

Sample 9 ln(Dia - 0.7) 0.2658 1 0.2658 1.9087 0.1773

Error 4.1777 30 0.1393

The P-value indicates that slopes should be considered equal so

analysis is repeated without the interaction term

Sample 9 ln(Dia - 0.7) to test for equality of elevations

ln(Dia - 0.7) 80.4339 1 80.4339 561.1475 \0.0001

Sample 2.2060 1 2.2060 15.3899 0.0005

Error 4.4435 31 0.1433

Fig. 6 Comparison of the gonad index, GI, with gonad weights of

60 g individuals using ln-transformed (Eq. 5) and untransformed

(Eq. 4) data for analysis
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Gregory Point. Sea urchins at Gregory Point would be

judged to be more productive whereas they really would be

just larger individuals.

Discussion

We have shown that simple assumptions about the allom-

etry of gonad development in a sea urchin make the gonad

index, GI (Eq. 1) suspect for any application other than

description of the reproductive cycle, which has been

recognized by others (Marsh and Watts 2007). Because

gonads begin to develop at a test diameter greater than

zero, an additional parameter, C, is required in analysis.

Estimation of this parameter from dissection data has large

standard errors (Table 2) and so the values presented here

for S. purpuratus must be viewed as provisional. The

estimate of C = 0.7 cm for test diameter when gonads

begin to develop, however, is similar to the estimates of

0.7–0.8 cm for S droebachiensis (O. Ellers, personal

communication). To our knowledge, there are no histo-

logical studies that would provide clearer evidence for

when gonads in S. purpuratus begin to develop.

Data from Gregory Point, Oregon, showed that the

allometric exponent b was not usually equal to 1.0 when

total wet weight was used as the independent variable or

Table 5 Summary statistics for Gregory Point necessary to make comparisons with other data sets

ln(Dia - 0.7) ln(Total - 0.5)

Date Mean X Mean Y R2 SEest b Mean X R2 SEest b

18-Jan-07 1.623894 2.780484 0.932627 0.345794 3.163906 4.508816 0.939573 0.327483 1.278657

15-Feb-07 1.561315 2.716974 0.941687 0.306905 3.309339 4.358372 0.938885 0.314193 1.334371

15-Mar-07 1.567001 2.618474 0.845128 0.509876 3.334608 4.364538 0.851047 0.500038 1.286367

5-Apr-07 1.623559 0.863748 0.859769 0.430335 3.552174 4.441182 0.873723 0.408364 1.403086

16-May-07 1.533483 1.327920 0.951083 0.348670 3.524766 4.312382 0.951604 0.346808 1.460516

12-Jun-07 1.679126 1.868634 0.928457 0.362400 4.000330 4.629693 0.913495 0.398497 1.631903

16-Jul-07 1.627732 1.757484 0.777751 0.622746 3.115279 4.514899 0.760028 0.647099 1.202826

13-Aug-07 1.606500 1.977332 0.782872 0.603856 3.311147 4.454059 0.780529 0.607105 1.273040

10-Sep-07 1.658567 2.599026 0.946835 0.277084 3.273598 4.608798 0.953990 0.257766 1.316229

9-Oct-07 1.614310 2.461821 0.700853 0.520154 2.639975 4.490030 0.740622 0.484346 1.060202

9-Nov-07 1.660099 2.636616 0.816147 0.287834 2.458353 4.480116 0.789045 0.308320 0.897178

9-Dec-07 1.610656 2.351104 0.841512 0.385011 2.851877 4.456740 0.822600 0.407334 1.100167

20-Jan-08 1.683387 2.293473 0.921631 0.296994 3.353287 4.669933 0.925336 0.289889 1.400881

18-Feb-08 1.700668 2.479511 0.844502 0.384580 3.017307 4.689144 0.857258 0.368468 1.231660

17-Mar-08 1.680871 1.915570 0.904342 0.414046 4.677095 4.633069 0.926954 0.361814 1.834413

16-Apr-08 1.730519 1.249900 0.726963 0.454827 3.551326 4.742478 0.761602 0.424998 1.451737

20-May-08 1.626549 1.375538 0.820471 0.421331 3.279435 4.485397 0.830888 0.408925 1.306484

18-Jun-08 1.661508 1.961731 0.976128 0.131924 2.730618 4.576119 0.974952 0.135133 1.062926

17-Jul-08 1.693622 2.164595 0.781410 0.268673 2.345807 4.658926 0.796040 0.259526 0.936657

17-Aug-08 1.710172 2.403011 0.820292 0.275615 2.436287 4.701094 0.828703 0.269088 0.983299

16-Sep-08 1.708334 2.509199 0.860947 0.276888 2.857314 4.708833 0.892721 0.243204 1.136685

14-Oct-08 1.713886 3.050741 0.892622 0.191308 2.650083 4.711072 0.892175 0.191706 1.016754

11-Nov-08 1.709409 2.577223 0.842714 0.358678 2.868121 4.718490 0.824848 0.378502 1.114566

9-Dec-08 1.650806 2.886705 0.913871 0.259206 3.219133 4.544310 0.919955 0.249882 1.227161

22-Jan-09 1.639816 2.189413 0.906680 0.411383 3.858299 4.528638 0.878260 0.469867 1.567373

23-Feb-09 1.660852 2.232215 0.842950 0.388576 3.575993 4.570397 0.843234 0.388225 1.373697

10-Mar-09 1.647363 2.364587 0.908927 0.393975 3.991557 4.524235 0.878093 0.455815 1.535567

24-Apr-09 1.724087 2.755876 0.865167 0.288380 3.079650 4.742094 0.870894 0.282189 1.160568

10-May-09 1.722779 1.920245 0.905231 0.237335 3.103343 4.753133 0.921787 0.215609 1.176879

23-Jun-09 1.647015 1.613116 0.934491 0.268021 3.353655 4.514755 0.932933 0.271190 1.334615

20-Jul-09 1.709943 2.421587 0.883836 0.224695 2.247265 4.688953 0.867086 0.240349 0.922270

Mean of Y is ln gonad wet weight and mean of X is for ln(Dia - 0.7 cm) and ln(Total wet weight - 0.5). Natural logarithms are used. The large

number of significant figures are important when they are used for comparison with other data sets

Mar Biol (2011) 158:47–58 55

123



equal to 3.0 when diameter was used (Fig. 3). Furthermore,

the exponent changed during the year so a single value

could not be used. Individual regressions were required to

describe each sample (Table 5). If a research goal includes

comparing size-specific gonad development or differences

between sites or times (e.g., Lessios 1981; Boivin et al.

1986; Lawrence and Byrne 1994; Lozano et al. 1995;

Lester et al. 2007), use of the simple GI runs the risk of

producing errors that may be serious (c.f. Beaupre and

Dunham 1995).

A solution we have presented here is to compare samples

by selecting a specific size, either diameter or total weight,

and estimating gonad size although other measures of total

and gonad size could be used such as volume or dry weights.

We selected 5 cm test diameter and 60 g total wet weight

because these are values found in samples over a very wide

geographic range for Strongylocentrotus purpuratus; indi-

viduals with diameters C8 cm are not present at most sites

along the coast (Ebert 2010a). Comparing samples in other

studies can be done using the five summary statistics we

have provided; statistical comparisons of gonad index, GI,

values across studies cannot be done when different sizes of

individuals are being compared and, given the problems

presented here, should not be done within a study.

Using a wide size range of individuals in a study has

further benefits. Comparisons of life histories of sea urch-

ins are difficult. In the past, when the Brody–Bertalanffy

growth model still seemed appropriate (Ebert 1975), a

comparison of the parameter K and the instantaneous

mortality rate, M, was reasonable. Indeed, if growth data

are forced to fit the Brody–Bertalanffy equation (Ebert

2007) comparisons still can be done in this manner. If a

different growth model is used, however, such as the

Richards or Tanaka, there no longer is a single parameter

that can represent growth. An alternative is to use pro-

duction and biomass estimates (Ebert 2010b), an approach

that requires estimating age-specific spawn biomass.

Gonad data gathered for all available sizes and at times of

maximum and minimum gonad size can be used to calcu-

late size-specific spawn mass and, with growth estimates,

age-specific spawn mass (e.g., Ebert 2008).

Our recommendations for studies where body compo-

nents are to be compared are as follows:

1. Gather a wide range of sizes including small individ-

uals rather than concentrating on a restricted size

range. Work of dissection is the same and information

content is much greater.

2. Use the allometry model with an adjustment for size

when gonads begin to develop (Eq. 4).

3. Publish the summary statistics.

4. Save the data in a form that can be shared because

there is no substitute for the raw data.
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Pérez-González R, Puga-López D, Castro-Longoria R (2009) Ovarian

development and size at sexual maturity of the Mexican spiny

lobster Panulirus inflatus. NZ J Mar Freshwater Res

43:163–172. doi:10.1080/00288330909509990

Quackenbush LS, Herrnkind WF (1981) Regulation of molt and

gonadal development in the spiny lobster, Panulirus argus
(Crustacea: Palinuridae): effect of eyestalk ablation. Comp

Biochem Physiol A 69:523–627. doi:10.1016/0300-9629(81)

93014-0

Raubenheimer D, Simpson SJ (1992) Analysis of covariance: an

alternative to nutritional indices. Entomol Exp Appl 62:221–231

Raymond BG, Scheibling RE (1987) Recruitment and growth of the

sea urchin Strongylocentrotus droebachiensis (Muller) following

mass mortalities off Nova Scotia, Canada. J Exp Mar Biol Ecol

108:31–54. doi:10.1016/0022-0981(87)90129-8

Robb RC (1929) On the nature of hereditary size-limitation. II. The

growth of parts in relation to the whole. Brit J Exp Bio

6:311–324

Russell MP (1998) Resource allocation plasticity in sea urchins:

rapid, diet induced, phenotypic changes in the green sea urchin,

Strongylocentrotus droebachiensis (Müller). J Exp Mar Biol

Ecol 220:1–14. doi:10.1016/S0022-0981(97)00079-8

Selden R, Johnson AS, Ellers O (2009) Waterborne cues from crabs

induce thicker skeletons, smaller gonads and size-specific changes

in growth rate in sea urchins. Mar Biol 156:1057–1071. doi:

10.1007/s00227-009-1150-0

SYSTAT (2004) SYSTAT 11. SYSTAT Software, Inc, Richmond,

CA

Town JC (1980) Movement, morphology, reproductive periodicity,

and some factors affecting gonad production in the seastar,

Asterstole scabra (Hutton). J Exp Mar Biol Ecol 44:111–132.

doi:10.1016/0022-0981(80)90149-5

Vadas RL Sr, Beal B, Dowlin T, Fegley JC (2000) Experimental field

tests of natural algal diets on gonad index and quality in the

green sea urchin, Strongylocentrotus droebachiensis: a case for

rapid summer production in post-spawned animals. Aquaculture

182:115–135. doi:10.1016/S0044-8486(99)00254-9

Vernon JD, McClintock JB, Hopkins TS, Watts SA, Marion KR

(1993) Reproduction of Clypeaster ravenelii (Echinodermata:

Echinoidea) in the northern Gulf of Mexico. Invert Reprod Dev

24:71–78

Zar JH (1974) Biostatistical analysis. Prentice-Hall, Inc., Englewood

Cliffs, NJ

58 Mar Biol (2011) 158:47–58

123

http://dx.doi.org/10.1023/B:EEST.0000011364.71236.f8
http://dx.doi.org/10.3354/meps122179
http://dx.doi.org/10.1007/s00227-004-1344-4
http://dx.doi.org/10.1007/s00227-004-1344-4
http://dx.doi.org/10.3354/meps233157
http://dx.doi.org/10.1007/s10530-009-9619-9
http://dx.doi.org/10.1017/S0025315400030137
http://dx.doi.org/10.1017/S0025315400030137
http://dx.doi.org/10.1016/S0022-0981(97)00047-6
http://dx.doi.org/10.1080/00288330909509990
http://dx.doi.org/10.1016/0300-9629(81)93014-0
http://dx.doi.org/10.1016/0300-9629(81)93014-0
http://dx.doi.org/10.1016/0022-0981(87)90129-8
http://dx.doi.org/10.1016/S0022-0981(97)00079-8
http://dx.doi.org/10.1007/s00227-009-1150-0
http://dx.doi.org/10.1016/0022-0981(80)90149-5
http://dx.doi.org/10.1016/S0044-8486(99)00254-9

	Problems of the gonad index and what can be done: analysis of the purple sea urchin Strongylocentrotus purpuratus
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


