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Smith et al. 1997 Am. Nat. 
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Mancera et al. 2005 
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Example Data: The Effects of Grazing 
on Finnish Coastal Meadows* 

*previously published in: 

Jutila, H. (1997) Vascular plant species richness in grazed and ungrazed coastal 
meadows, SW Finland. - Ann. Bot. Fenn. 34:245-263. 

Grace, J.B. and Jutila, H. (1999) The relationship between species density and 
community biomass in grazed and ungrazed coastal meadows. Oikos, 85:398-408. 
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View of Data in FinnishMeadows.xls 

grazed = 0 is no, 1 is yes (this is our grouping variable) 
elev = elevation of the plot above mean sea level 
stressmn = flood stress index derived from long-term flooding records 
dol = depth of litter layer in the plot 
par1 - par5 = different parent materials 
sol1 - sol5 = different soil types 
mass, mass2, masslog = biomass in g/m2, square of biomass, and log biomass 
rich, rich2, richlog = species richness per m2, square of richness and log richness 

Data from 1-m2 plots arrayed along an elevation gradient in each of several paired 
grazed and ungrazed meadows in SW Finland. 

L<P<17&(&=(;O&(&a(@*&

meadowModel<-'rich ~ elev + mass!
              mass ~ me*elev'!

*5*P& )<AO&

@(22&
%&$

L<P<17&(&=(;O&(&a(@*&

> meadowFit<-sem(meadowModel, data=meadows)!
> !
> coef(meadowFit)!
 rich~elev  rich~mass         me rich~~rich mass~~mass !
     0.073     -0.003     -2.733     16.275  39563.789 !

*5*P& )<AO&

@(22&
%&$

L<P<17&(&=(;O&(&a(@*&

!! ! ! ! ! ! Estimate  Std.err  Z-value  P(>|z|)!
Regressions:!
  rich ~!
    elev              0.073    0.008    9.026    0.000!
    mass             -0.003    0.001   -2.988    0.003!
  mass ~!
    elev     (me)    -2.733    0.372   -7.352    0.000!

*5*P& )<AO&

@(22&
%&$
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345695*&L)8492&

> meadowFitFree<-sem(meadowModel, data=meadows, 
group="grazed")!

*5*P& )<AO&

@(22&

*5*P& )<AO&

@(22&

L)(W*>& b17)(W*>&

> coef(meadowFitFree)!
    rich~elev     rich~mass            me    rich~~rich    mass~~mass        rich~1 !
        0.073        -0.001        -1.203        12.459     28057.591         7.169 !
       mass~1  rich~elev.g2  rich~mass.g2  mass~elev.g2 rich~~rich.g2 mass~~mass.g2 !
      260.855         0.088        -0.007        -3.274        14.384     43567.993 !
    rich~1.g2     mass~1.g2 !
       11.349       451.732 !

C$-!&

#-#c&

C#-##$& C%-%&

#-#d&

C#-##c&

24@@()0e@*(>8BF<;F)**f&
lavaan (0.4-11) converged normally after 65 iterations!

  Number of observations per group         !
  1                                                165!
  0                                                189!

  Estimator                                         ML!
  Minimum Function Chi-square                    0.000!
  Degrees of freedom                                 0!
  P-value                                        1.000!

Chi-square for each group:!

  1                                              0.000!
  0                                              0.000!

24@@()0e@*(>8BF<;F)**f&A81614*>&

Group 1 [1]:!

                   Estimate  Std.err  Z-value  P(>|z|)!
Regressions:!
  rich ~!
    elev              0.073    0.010    7.232    0.000!
    mass             -0.001    0.002   -0.424    0.672!
  mass ~!
    elev     (me)    -1.203    0.470   -2.559    0.010!

Intercepts:!
    rich              7.169    0.708   10.126    0.000!
    mass            260.855   26.764    9.746    0.000!

Variances:!
    rich             12.459    1.372!
    mass          28057.591 3089.039!

R*2617&I8@95*;*&I812;)(<1;2&

> meadowFitEqual<-sem(meadowModel, data=meadows, group="grazed", 
group.equal=c( "intercepts", "means", "regressions", 
"residuals", "residual.covariances"))!

*5*P& )<AO&

@(22&

*5*P& )<AO&

@(22&

L)(W*>& b17)(W*>&

C$-!&

#-#c&

C#-##$& C%-%&

#-#d&

C#-##c&

> anova(meadowFitFree, meadowFitEqual)!
Chi Square Difference Test!

               Df   AIC   BIC  Chisq Chisq diff Df diff Pr(>Chisq)    !
meadowFitFree   0 10019 10073   0.00                                  !
meadowFitEqual  6 10107 10138 100.13     100.13       6  < 2.2e-16!

!'*+#)4-5+&,)6+78++.)9&+273+.7,)
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R*2617&:1*&I812;)(<1;&

#constrain just the elev-mass relationship!
meadowModel2<-'rich ~ elev + mass!
              mass ~ c("me", "me")*elev'!

meadowFitFree2<-sem(meadowModel2, data=meadows, !
!! ! ! ! ! ! ! !group="grazed")!

*5*P& )<AO&

@(22&

*5*P& )<AO&

@(22&

L)(W*>& b17)(W*>&

C$-!&

#-#c&

C#-##$& C%-%&

#-#d&

C#-##c&

R*2617&:1*&I812;)(<1;&

> coef(meadowFitFree2)!
    rich~elev     rich~mass            me    rich~~rich    mass~~mass        rich~1 !
        0.073        -0.001        -2.067        12.459     28632.459         7.169 !
       mass~1  rich~elev.g2  rich~mass.g2 rich~~rich.g2 mass~~mass.g2     rich~1.g2 !
      303.829         0.088        -0.007        14.384     44661.148        11.349 !
    mass~1.g2 !
      408.622 !

*5*P& )<AO&

@(22&

*5*P& )<AO&

@(22&

L)(W*>& b17)(W*>&

C!-#c&

#-#c&

C#-##$& C!-#c&

#-#d&

C#-##c&

R*2617&:1*&I812;)(<1;&

> anova(meadowFitFree, meadowFitFree2)!
Chi Square Difference Test!

               Df   AIC   BIC  Chisq Chisq diff Df diff Pr(>Chisq)   !
meadowFitFree   0 10019 10073 0.0000                                 !
meadowFitFree2  1 10025 10075 8.0301     8.0301       1   0.004601!

*5*P& )<AO&

@(22&

*5*P& )<AO&

@(22&

L)(W*>& b17)(W*>&

C!-#c&

#-#c&

C#-##$& C!-#c&

#-#d&

C#-##c&

9&+273+.7):5+;7,)+#+<)=>)32,,)&+#2$'.,?-()

34567)849&,E*)A<2*&

$-  F<;&(&?)**&(1>&A812;)(<1*>&P*)2<81&8?&;O*&
@*(>8B&@8>*5&B<;O&9()!&(2&084)&7)849-&

!-  ,P(54(;*&(&2<175*&A812;)(<1;&8?&084)&AO8<A*-&

*5*P& )<AO&

@(22&
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Q854681H&RO*&F<;2&

> meadowFitFreePar1<-sem(meadowModel, data=meadows, 
group="par2")!

> meadowFitEqualPar1<-sem(meadowModel, data=meadows, 
group="par2", group.equal=c( "intercepts", 
"means", "regressions", "residuals", 
"residual.covariances"))!

> anova(meadowFitEqualPar1, meadowFitFreePar1)!

*5*P& )<AO&

@(22&

Q854681H&=()$&3(+*)2h&

Chi Square Difference Test!

                   Df   AIC   BIC  Chisq Chisq diff Df diff Pr(>Chisq)    !
meadowFitFreePar1   0 10072 10127  0.000                                  !
meadowFitEqualPar1  6 10091 10122 30.774     30.774       6  2.799e-05 ***!
---!
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 !

*5*P& )<AO&

@(22&

Q854681H&R*2617&*5*PCi)<AO&A812;)(<1;&

meadowModel3<-'rich ~ c("re", "re")*elev + mass!
              mass ~ elev'!

meadowFitFreePar1_3<-sem(meadowModel3, data=meadows, 
group="par2")!

#does it matter?  !
anova(meadowFitFreePar1, meadowFitFreePar1_3)!

*5*P& )<AO&

@(22&

Q854681H&,5*PCi&S<AO1*22&)*5(6812O<9&
P()<*2&K0&=()$&

Chi Square Difference Test!

                    Df   AIC   BIC  Chisq Chisq diff Df diff Pr(>Chisq)   !
meadowFitFreePar1    0 10072 10127  0.000                                 !
meadowFitFreePar1_3  1 10080 10131 10.137     10.137       1   0.001453 **!
---!
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 !

*5*P& )<AO&

@(22&
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R*2617&:1*&S*5*(2*&

meadowModelNoLabel<-'rich ~ elev + mass!
              mass ~ elev'!

meadowFitOneFree<-sem(meadowModelNoLabel, data=meadows, group="grazed", !
                      group.equal="regressions",!
                      group.partial="mass ~ elev")!

*5*P& )<AO&

@(22&

*5*P& )<AO&

@(22&

L)(W*>& b17)(W*>&

!*)& !*)&

"@)&
"@)&!0@)& !1@)&

R*2617&:1*&S*5*(2*&

> meadowFitOneFree!
lavaan (0.4-12) converged normally after 46 iterations!

  Number of observations per group         !
  1                                                165!
  0                                                189!

  Estimator                                         ML!
  Minimum Function Chi-square                   13.085!
  Degrees of freedom                                 2!
  P-value                                        0.001!

*5*P& )<AO&

@(22&

*5*P& )<AO&

@(22&

L)(W*>& b17)(W*>&

!*)& !*)&

"@)&
"@)&!0@)& !1@)&

R*2617&RB8&S*5*(2*2&

meadowFitTwoFree<-sem(meadowModelNoLabel, data=meadows, ! ! !  !
!! ! group="grazed", group.equal="regressions",!

        group.partial=c("mass ~ elev", "rich ~ mass"))!

*5*P& )<AO&

@(22&

*5*P& )<AO&

@(22&

L)(W*>& b17)(W*>&

!*)& !*)&

"0@)&
"1@)&!0@)& !1@)&

R*2617&RB8&S*5*(2*2&

lavaan (0.4-12) converged normally after 59 iterations!

  Number of observations per group         !
  1                                                165!
  0                                                189!

  Estimator                                         ML!
  Minimum Function Chi-square                    0.948!
  Degrees of freedom                                 1!
  P-value                                        0.330!

*5*P& )<AO&

@(22&

*5*P& )<AO&

@(22&

L)(W*>& b17)(W*>&

!*)& !*)&

"0@)&
"1@)&!0@)& !1@)&
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F<;&a8;&[<D*)*1;&RO(1&I8@95*;*50&
b1A812;)(<1*>&38>*5&

> anova(meadowFitTwoFree, meadowFitFree)!
Chi Square Difference Test!

                 Df   AIC   BIC  Chisq Chisq diff Df diff Pr(>Chisq)!
meadowFitFree     0 10019 10073 0.0000                              !
meadowFitTwoFree  1 10018 10068 0.9477    0.94767       1     0.3303!

*5*P& )<AO&

@(22&

*5*P& )<AO&

@(22&

L)(W*>& b17)(W*>&

!*)& !*)&

"0@)&
"1@)&!0@)& !1@)&

I()*&(1>&F**><17&8?&34567)849&
G1(502<2&

•  [<29()(;*&)*245;2&A(1&K*&9)8>4A*>&K0&><D*)*1;&
7)8492&*1A8@9(22<17&><D*)*1;&)(17*2&8?&
P()<(K<5<;0-&

•  J()<(681&<1&81*&7)849&A(1&)*<1?8)A*&B*(Z&
9(+*)12&<1&(18;O*)&7)849-&

•  a**>&;8&O(P*&(>*V4(;*&2(@95*&2<W*&?8)&*(AO&
7)849h&

UO(;&2O845>&Y&A812;)(<1]&UO(;&2O845>&
Y&;*2;]&

$-  UO(;&()*&084&<1;*)*2;*>&<1&A812;)(<1<17]&&
R09<A(550&k42;&)*7)*22<81&9()(@*;*)2-&

!-  R*2;&(&?)**&P-&A812;)(<1*>&@8>*5-&

%-  ,P(54(;*&)*5*(2<17&Z*0&9()(@*;*)2&8)&
A812;)(<1<17&Z*0&9()(@*;*)2\&K(2*>&81&
V4*26812-&

F8)@(5&34567)849&G1(502<2&R09<A(550&
I812<>*)2&/(;AO*2&8?&=()(@*;*)2&

R09<A(550&;*2;&A812;)(<1;2&2*V4*16(550H&

$-  M(;*1;&P()<(K5*&58(><172&
!-  I8))*5(;*>&*))8)2&
%-  Q;)4A;4)(5&9(;O&A8*XA<*1;2&

`-  J()<(1A*&9()(@*;*)&*26@(;*2&

^-  ,1>87*1842&5(;*1;&P()<(1A*2&(1>&A8P()<(1A*2&
g-  ,E87*1842&5(;*1;&P()<(1A*2&(1>&A8P()<(1A*2&


