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u;l-bmv��mu;voѴ�;7�Ő"lb|_�;|�-Ѵĺķ�ƑƏƐƕőĺ�$_�vķ�b|�bv�blrou|-m|�|o�v|�7��
_o��;�|u;l;�7uo�]_|�l-��blr-1|�|;lrou-Ѵ�v|-0bѴb|��o=������0��-=Ŋ
=;1|bm]�vr;1b;v�ub1_m;vvķ�vr;1b;v�-v�m1_uom��-m7�vr;1b;v�v|-0bѴb|�ĺ

�u-vvѴ-m7� ;1ov�v|;lv� -u;� m-|�u-ѴѴ�� 1olrѴ;���b|_� 7b==;u;m|� 0bŊ
o|b1� Ő;ĺ]ĺ� vr;1b;v� -vv;l0Ѵ-];ő� -m7� -0bo|b1� Ő;ĺ]ĺ� vobѴķ� ru;1brb|-|bomķ�
|;lr;u-|�u;ő� 1olrom;m|v� -m7� ruo1;vv;vĸ� -m7� |_;bu� u;vromv;v� |o�
;m�buoml;m|-Ѵ� r;u|�u0-|bomv� l-�� ]u;-|Ѵ�� 7b==;u� -lom]� 1oll�mbŊ
|b;v�-m7�vb|;v�Ő�ubll�;|�-Ѵĺķ�ƑƏƐƒĸ��;bvѴ;uŊ�)_b|;�;|�-Ѵĺķ�ƑƏƏƖĸ��m-rr�
;|�-Ѵĺķ�ƑƏƐѵőĺ��u;�bo�v�v|�7b;v�v_o�;7�|_-|�7uo�]_|�;==;1|v�om�|;lŊ
rou-Ѵ�v|-0bѴb|��o=�����ķ�vr;1b;v�-v�m1_uom��-m7�vr;1b;v�ub1_m;vv��-uŊ
b;7�-lom]�;1ov�v|;lvķ��b|_�m;]-|b�;�;==;1|v�bm�vol;�v�v|;lv�Ő)-]]�
;|�-Ѵĺķ�ƑƏƐƕĸ�,_-m]ķ� �-mķ�;|�-Ѵĺķ�ƑƏƐƖő�ou�mo�blr-1|v�bm�o|_;uv�Ő�-�
;|�-Ѵĺķ�ƑƏƐƕĸ�,_-m]ķ� �-mķ�;|�-Ѵĺķ�ƑƏƐƖőĺ�$_;v;�7b==;u;m|b-Ѵ�u;vromv;v�
o=�|;lrou-Ѵ�v|-0bѴb|��o=�����ķ�vr;1b;v�-v�m1_uom��-m7�vr;1b;v�ub1_Ŋ
m;vv�bm1u;-v;v��m1;u|-bm|��u;]-u7bm]�_o��]u-vvѴ-m7�;1ov�v|;lv�|_-|�
�-u��bm�1olrovb|bom�-m7�-0bo|b1�=-1|ouv��bѴѴ�0;�-==;1|;7�0��;�|u;l;�
7uo�]_|ĺ� �oou7bm-|;7� 7uo�]_|� ;�r;ubl;m|v� �b|_� b7;m|b1-Ѵ� |u;-|Ŋ
l;m|vķ� ;m1olr-vvbm]� �b7;� ];o]u-r_b1-Ѵ� v1-Ѵ;v� ou� u;]bomv� Ő
u-v;u�
;|�-Ѵĺķ�ƑƏƐƒĸ��m-rr�;|�-Ѵĺķ�ƑƏƐƔķ�ƑƏƐѵő�l-h;�b|�rovvb0Ѵ;�|o�1olr-u;�
u;vromv;v�-1uovv�7b==;u;m|�]u-vvѴ-m7� |�r;v�-m7� |o� b7;m|b=��l;1_-Ŋ
mbvlv��m7;uѴ�bm]�|;lrou-Ѵ�;1ov�v|;l�v|-0bѴb|��Ő�m-rr�;|�-Ѵĺķ�ƑƏƐѵőĺ

�;u;��;�1om7�1|;7�b7;m|b1-Ѵ�;�r;ubl;m|v�-1uovv�vb��]u-vvѴ-m7v�
bm��ou|_;um��_bm-� |_-|� blrov;7� ;�|u;l;�]uo�bm]� v;-vom�7uo�]_|�
o�;u�-�ƓŊ��;-u�r;ubo7ĺ�$_bv�-ѴѴo�;7��v�|o�;�-lbm;�|_;�blr-1|�o=�;�Ŋ
|u;l;� 7uo�]_|� om� |;lrou-Ѵ� ;1ov�v|;l� v|-0bѴb|�ķ� vr;1b;v� ub1_m;vvķ�
vr;1b;v� -v�m1_uom�ķ� vr;1b;v� v|-0bѴb|�� -m7� |_;bu� u;Ѵ-|bomv_brvķ� -m7�
�_;|_;u� |_;v;� u;Ѵ-|bomv_brv� 7b==;u� -lom]� ]u-vvѴ-m7v� vr-mmbm]� -�
0uo-7�ru;1brb|-|bom�]u-7b;m|ĺ�);�-77u;vv;7�|�o�t�;v|bomvĹ�Ő-ő�	o;v�
;�|u;l;�7uo�]_|�-==;1|�|;lrou-Ѵ�v|-0bѴb|��o=������-m7�|_;��m7;uŊ
Ѵ�bm]�l;1_-mbvlv�Ővr;1b;v�ub1_m;vvķ�vr;1b;v�-v�m1_uom��-m7�vr;1b;v�
v|-0bѴb|�őĵ�Ő0ő�	o;v�;�|u;l;�7uo�]_|�1_-m];�|_;�u;Ѵ-|b�;�blrou|-m1;�
o=�|_;v;�l;1_-mbvlv�bm�7;|;ulbmbm]�|;lrou-Ѵ�v|-0bѴb|��o=�����ĵ

ƑՊ |Պ��$�!���"���	���$��	"

ƑĺƐՊ|Պ"|�7��vb|;v

$_bv� v|�7���-v�1om7�1|;7� bm� |_;�1om|;�|�o=� |_;���|u;l;�	uo�]_|�
bm� �u-vvѴ-m7v� ��r;ubl;m|� Ő�	��ĸ� _||rĹņņ;7];ĺ0boѴo�]�ĺ1oѴov�|-|;ĺ
;7�ņő�vr-mmbm]�vb��]u-vvѴ-m7�vb|;v�-1uovv��ou|_;um��_bm-�Ő$-0Ѵ;�Ɛőĺ�
$_;v;�vb|;v�-u;�u;ru;v;m|-|b�;v�o=�|_;�l-fou�]u-vvѴ-m7�Őv|;rr;ő�|�r;v�
bm��ou|_;um��_bm-�-m7��;u;�7bv|ub0�|;7�-Ѵom]�-�0uo-7�ru;1brb|-|bom�

http://edge.biology.colostate.edu/
http://edge.biology.colostate.edu/
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]u-7b;m|� bm� �mm;u� �om]oѴb-� Ő$-0Ѵ;� Ɛőĺ� �;-m� -mm�-Ѵ� ru;1brb|-|bom�
Ő���ő�u-m];7�=uol�ƐƕƔ�|o�ƒѵƒ�ll�Ő$-0Ѵ;�Ɛĸ�v;;�
b]�u;�"Ɛĸ���oķ�*�ķ�
;|�-Ѵĺķ�ƑƏƐѶĸ���oķ�,�oķ�;|�-Ѵĺķ�ƑƏƐѶ�=ou�=�u|_;u�7;v1ubr|bom�o=�|_;�vb|;vőĺ

ƑĺƑՊ|Պ��r;ubl;m|-Ѵ�7;vb]m

�ѴѴ� vb�� �	��� vb|;v� _-�;� b7;m|b1-Ѵ� 1om|uoѴ� Ő-l0b;m|ő� -m7� ;�|u;l;�
7uo�]_|�|u;-|l;m|vĺ�$_;�;�r;ubl;m|v��;u;�v;|��r� bm�ƑƏƐƓķ�-m7�|_;�
7-|-��;u;�1oѴѴ;1|;7�=uol�ƑƏƐƔ�|_uo�]_�ƑƏƐѶĺ���|u;l;�7uo�]_|��-v�
-1_b;�;7�|_uo�]_�|_;�bmv|-ѴѴ-|bom�o=�u-bmo�|�v_;Ѵ|;uv�7;vb]m;7�|o�bm|;uŊ
1;r|�ѵѵѷ�o=�-l0b;m|�ru;1brb|-|bom�Ő�ub==bmŊ��oѴ-m�;|�-Ѵĺķ�ƑƏƐƖĸ�+-_7fb-m�
ş�"-Ѵ-ķ�ƑƏƏƑő�7�ubm]�|_;�]uo�bm]�v;-vom�Ő�-�ŋ���]�v|ő�-|�-ѴѴ�vb|;vĺ�$_;�
;�r;ubl;m|��-v�-�u-m7olbv;7�1olrѴ;|;�0Ѵo1h�7;vb]m��b|_�vb��u;rѴbŊ
1-|;v�o=�;-1_�|u;-|l;m|�-|�;-1_�vb|;ĺ��ѴѴ�rѴo|v��;u;�-uu-m];7�bm�0Ѵo1hvķ�
�b|_�;-1_�|u;-|l;m|�u-m7olѴ��-ѴѴo||;7��b|_bm�;-1_�0Ѵo1hķ�|o�1om|uoѴ�
=ou�rovvb0Ѵ;�7b==;u;m1;v�bm�;m�buoml;m|-Ѵ�-m7�vobѴ�]u-7b;m|vĺ��-1_�rѴo|�
�-v�ѵ�×�ѵ�l�bm�vb�;ķ��b|_�-|�Ѵ;-v|�Ƒ�l�vr-1bm]�0;|�;;m�rѴo|vĺ���;u��rѴo|�
_-7�-�ƐŊ�l�0�==;u�r;ubl;|;u� |_-|�lbmblbv;7�;7];�;==;1|v�-vvo1b-|;7�
�b|_�|_;�u-bmo�|�v_;Ѵ|;uĺ��|�|_;�omv;|�o=�;-1_�]uo�bm]�v;-vom�Ő�-�ŋ�
��]�v|ő�o=�;-1_��;-uķ�|_;�u-bmo�|�v_;Ѵ|;u�uoo=v��;u;�bmv|-ѴѴ;7�-m7�|_;m�
u;lo�;7�-|� |_;�;m7�o=� |_;�]uo�bm]�v;-vom� Őv;;��m-rr�;|�-Ѵĺķ�ƑƏƐƔĸ�
��oķ�,�oķ�;|�-Ѵĺķ�ƑƏƐѶ�=ou�=�u|_;u�7;|-bѴv�om�|_;�u-bmŊ�o�|�v_;Ѵ|;uőĺ��-1_�
6 ×�ѵ�l�rѴo|��-v�_�7uoѴo]b1-ѴѴ��bvoѴ-|;7�0��bmv|-ѴѴbm]�-Ѵ�lbmb�l�=Ѵ-v_Ŋ
bm]� |o� -�7;r|_�o=�Ɛ�l�-uo�m7� |_;�r;ubl;|;u� |o� u;7�1;� v�u=-1;� -m7�
v�0v�u=-1;��-|;u�=Ѵo��Ő��o�;|�-Ѵĺķ�ƑƏƐƖőĺ�$_;�;==;1|v�o=�u-bmo�|�v_;ѴŊ
|;uv�om�|_;�Ѵb]_|�;m�buoml;m|��;u;�vl-ѴѴķ�r;ulb||bm]�lou;�|_-m�ƖƏѷ�
r;m;|u-|bom�o=�r_o|ov�m|_;|b1-ѴѴ��-1|b�;�u-7b-|bom�Ő��o�;|�-Ѵĺķ�ƑƏƐƖőĺ

ƑĺƒՊ|Պ"-lrѴbm]�ruo|o1oѴ�-m7�l;|ub1v

�ѴѴ��	���vb|;v�_-�;��mb=b;7�-m7�v|-m7-u7bv;7�7-|-�1oѴѴ;1|bom�ruo|o1oѴv�
=ou� 1olr-ubm]� 7uo�]_|� ;==;1|v� -1uovv� |_;� vb|;vĺ� ������-v� -mm�-ѴѴ��
_-u�;v|;7�-|�r;-h�0bol-vv�0��1Ѵbrrbm]�-ѴѴ�rѴ-m|v�-|�]uo�m7�Ѵ;�;Ѵ��b|_bm�
-�vbm]Ѵ;�Ɛ�l2�t�-7u-|�bm�;-1_�u;rѴb1-|;�ѵ�l�×�ѵ�l�rѴo|ĺ��ѴѴ�1omv|b|�;m|�
vr;1b;v��;u;� b7;m|b=b;7ķ� |_;bu�0bol-vv�v;r-u-|;7�-m7������r;u�vr;Ŋ
1b;v�r;u�rѴo|��-v��v;7�|o�;v|bl-|;�vr;1b;v�-v�m1_uom�ĺ�"r;1b;v�ub1_Ŋ
m;vv��-v�-mm�-ѴѴ��u;1ou7;7�-v�|_;�|o|-Ѵ�m�l0;u�o=�1omv|b|�;m|�rѴ-m|�

vr;1b;v��b|_bm�|_;�Ɛ�l2�t�-7u-|�bm��_b1_�������-v�l;-v�u;7�Ő,_-m]�
;|�-Ѵĺķ�ƑƏƐѶőĺ���;u-];�vr;1b;v�ub1_m;vv��-v�1-Ѵ1�Ѵ-|;7�-v�|_;�l;-m�vr;Ŋ
1b;v�ub1_m;vv�o�;u�=o�u�1omv;1�|b�;�]uo�bm]�v;-vomv�r;u�Ɛ�l2�rѴo|ĺ

$;lrou-Ѵ�v|-0bѴb|��o=������bm�;-1_�]u-vvѴ-m7�vb|;��-v�1-Ѵ1�Ѵ-|;7�
-|�rѴo|�Ѵ;�;Ѵ�-v�μ/σķ��_;u;�μ and σ�-u;�|_;�|;lrou-Ѵ�l;-m�-m7�|;lrou-Ѵ�
v|-m7-u7�7;�b-|bom�o=�|o|-Ѵ������bm�-�rѴo|ķ�u;vr;1|b�;Ѵ�ķ�o�;u�|_;�ƓŊ��;-u�
r;ubo7�Ő�-�|b;u�;|�-Ѵĺķ�ƑƏƐƓőĺ�$_;�|;lrou-Ѵ�v|-0bѴb|��o=�bm7b�b7�-Ѵ�vr;1b;v�
bm�;-1_�rѴo|��-v�-Ѵvo�1-Ѵ1�Ѵ-|;7�-v�μ/σķ��_;u;�μ and σ�-u;�|_;�|;lrou-Ѵ�
l;-m�-m7�v|-m7-u7�7;�b-|bom�Őσő�o=������o=�;-1_�vr;1b;v�o�;u�|_;�ƓŊ�
�;-u�r;ubo7ĺ�"r;1b;v�v|-0bѴb|���-v�|_;�-�;u-];��-Ѵ�;�o=�|_;�|;lrou-Ѵ�
v|-0bѴb|��o=�-ѴѴ�vr;1b;v��b|_bm�-�rѴo|�Ő,_-m]ķ�
;m]ķ�;|�-Ѵĺķ�ƑƏƐƖőĺ�
oѴѴo�bm]�
|_;�l;|ub1�o=��ou;-��-m7�7;��-�-m1o�u|�ŐƑƏƏѶő�-m7�-v�7;v1ub0;7�-m7�
l;-v�u;7�0���-�|b;u�;|�-Ѵĺ�ŐƑƏƐƓőķ�vr;1b;v�-v�m1_uom���-v�1-Ѵ1�Ѵ-|;7�
=ou�;-1_�rѴo|�-v�1 − !b = 1 − "

2∕
(∑ n

i= 1
"i

)2. !b�bv�vr;1b;v�v�m1_uom�ķ�
-m7�b|��-v�7;ub�;7�=uol�|_;�;v|bl-|bom�o=�!2ķ�|_;�|;lrou-Ѵ�bm|;uŊ�-mm�-Ѵ�
�-ub-m1;�bm�1oll�mb|������ĸ�-m7�!iķ�|_;�bm|;uŊ�-mm�-Ѵ�v|-m7-u7�7;�b-Ŋ
|bom�bm������o=�-�r-u|b1�Ѵ-u�vr;1b;v� i bm�-�rѴo|��b|_�n�vr;1b;v�o�;u�|_;�
Ɠ��;-uvĺ�"r;1b;v�-v�m1_uom��l;|ub1v� u-m];� =uol�Ə� Őr;u=;1|�v�m1_uoŊ
mbv-|bom�ou� =Ѵ�1|�-|bomv�o=� |_;�vr;1b;v� bm�-�1oll�mb|�ő� |o�Ɛ� Őr;u=;1|�
-v�m1_uom�őĺ

ƑĺƓՊ|Պ"|-|bv|b1-Ѵ�-m-Ѵ�v;v

�ѴѴ�-m-Ѵ�v;v��;u;�1om7�1|;7�bm�!�Ő�;uvbom�ƒĺƓĺƏĸ�!��ou;�$;-lķ�ƑƏƐƕőĺ�
$o� |;v|�0o|_� |_;� -1uovv� vb|;� -m7��b|_bmŊ�vb|;�7uo�]_|� |u;-|l;m|�;=Ŋ
=;1|v� om� |;lrou-Ѵ� v|-0bѴb|�� o=� ����ķ� -�;u-];� vr;1b;v� ub1_m;vvķ�
vr;1b;v� -v�m1_uom�� -m7� vr;1b;v� v|-0bѴb|�ķ� �;� 1omv|u�1|;7� lb�;7Ŋ�
;==;1|v����(��lo7;Ѵv��vbm]�|_;�lme�=�m1|bom�=uol�|_;�nlme library 
Ő�bm_;buo�;|�-Ѵĺķ�ƑƏƐѶőĺ��1uovv�vb|;�|;v|v�bm1Ѵ�7;7�ļvb|;�-m7�|u;-|l;m|Ľ�
=b�;7�;==;1|v�-m7�ļ0Ѵo1hĽ�-v�-�u-m7ol�;==;1|�Őlo7;Ѵ�Ɛĸ�$-0Ѵ;�"Ɛőĺ�$_;�
�b|_bmŊ�vb|;����(��lo7;Ѵv�Őlo7;Ѵ�Ƒĸ�$-0Ѵ;�"Ɛő�7b==;u;7�=uol�-1uovv�
vb|;v�lo7;Ѵv�0��mo|�bm1Ѵ�7bm]�ļvb|;Ľ�-v�-�=b�;7�;==;1|ĺ

�;�|ķ��;�1omv|u�1|;7�Ѵbm;-u�lb�;7Ŋ�;==;1|v�lo7;Ѵv��b|_�|_;�lme�=�m1Ŋ
|bom�|o�;�-lbm;�|_;�0b�-ub-|;�u;Ѵ-|bomv_brv�0;|�;;m�|;lrou-Ѵ�v|-0bѴb|��

y ∼ site∗ treatment+(1|block) (model 1)

y ∼ treatment+(1|block) (model 2)

$���� �ƐՊ	;v1ubr|bom�o=�|_;�vb���	���v|�7��vb|;v�bm��ou|_;um��_bm-

"b|;�m-l;
"b|;�
Ѵ-0;Ѵ

�oѴo�u�
1o7; �-|b|�7; �om]b|�7;

"|;rr;��
|�r; �-0b|-|

���-�
Őllő

���0�
Őllő

"_;u�$-u- � ƓƖŦƑƐŝƏƏப� ƐƑƏŦƏѵŝƏƏப� Meadow ";lbŊ�-ub7 ƒѵƒ ƑƖƕĺѶ

�u]�m- � ƔƏŦƐƏŝƓѵப� ƐƐƖŦƑƑŝƔѵப� Meadow ";lbŊ�-ub7 ƒƔƓ ƒƏƕĺѶ

*bѴbm_o|Ŋ��;�l�v � ƓƒŦƒƒŝѵப� ƐƐѵŦƓƏŝƑƏப� $�rb1-Ѵ ";lbŊ�-ub7 ƒƑƒ ƒƐƐĺѵ

*bѴbm_o|Ŋ�"|br- 	 ƓƒŦƒƑŝƑƔப� ƐƐѵŦƒƒŝƐѶப� $�rb1-Ѵ ";lbŊ�-ub7 ƒƑƒ ƒƐƐĺѵ

"_;bѴ-���u;m � ƓƐŦƓƕŝƏƏப� ƐƐƐŦƔƒŝƏƏப� 	;v;u| �ub7 Ƒƒѵ ƑƒƒĺƔ

&u-| 
 ƓƐŦƑƔŝƏƏப� ƐƏѵŦƔѶŝƏƏப� 	;v;u| �ub7 175 ƐƒƕĺƔ

Note: �oѴo�u�1o7;v�-m7�vb|;�Ѵ-0;Ѵv�1ouu;vrom7��b|_�|_ov;�bm�
b]�u;v�Ɛŋ�ѵĺ����a�Őllő�u;ru;v;m|v�l;-m�-mm�-Ѵ�ru;1brb|-|bomv�=uol�ƐƖƕƑ�|o�ƑƏƐѶ��_bѴ;�
���b�u;ru;v;m|v�l;-m�-mm�-Ѵ�ru;1brb|-|bomv�7�ubm]�|_;�v|�7��r;ubo7�ŐƑƏƐƔŋ�ƑƏƐѶő�l;-v�u;7�-7f-1;m|�|o�;-1_�vb|;ĺ�"b|;v��;u;�]uo�r;7�bm|o�ļ_-0b|-|Ľ�
-m7�ļv|;rr;�|�r;Ľ�=oѴѴo�bm]�|_;�1Ѵ-vvb=b1-|bom�o=��-m]�;|�-Ѵĺ�ŐƑƏƏƕőĺ
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o=� ����� -m7� b|v� ro|;m|b-Ѵ� �m7;uѴ�bm]� l;1_-mbvlv� Ő-�;u-];� vr;1b;v�
ub1_m;vvķ� vr;1b;v� -v�m1_uom�� -m7� vr;1b;v� v|-0bѴb|�őĺ� $o� -vv;vv� u;Ѵ-Ŋ
|bomv_brv�-1uovv�vb|;vķ� ļ-�1om|bm�o�v�;�rѴ-m-|ou���-ub-0Ѵ;ķ�xĽ�-m7�ļvb|;Ľ�
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y∼x+(1|site) (model 3)

y∼x+(1|block) (model 4)
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