
A test on the effectiveness and selectivity of three sampling

methods frequently used in orthopterological field studies

����� ����	 
��� ������� � ������ �� ����

����� ��� �	
���� �� � ����� �� �� ����� � ��� �� ��� ����������� �� �
��!
������ �� ��"�� ��#
��� �����  �"�$%���
� %� �� �"���#��"�
�����
 ���
 �% !
��� & '�����
� (������ )*� )+,-).,�

/� �0���� %�0���  ��� �� ������
�����
 ��#
��� ��� �
�������� �� ���������!
�� �� �����  ��%
 0� 1��2�� �2��#��������  �"��� ��"�� ��  �� �"�#�
2���� �"� �"�$%���
� %� �� �"���#��"�
����2�"� ���� �� ���  ��� �� �
��������
�� ������������ 3�� �� ��� �%�0�" �� ��

���� �� ��� %�
� 2��#�������
2� ��� ��� 
�0�%" ���������� 2��
� ��� ������ �%�0�" �� #���� 2� ��

���� 
0�  �"��� ��"��� 4�� �"�# 2�"� ��� �
������ �� �"�%� ! 2�

��� #�����
�2��#������� ��  �"��� ��"�� 2�"� ������� �� �"�! 2�

��� #����� 5%" "�!
%
� %� �"
��� ���� ���� �� ��� �����  � %����"�
� �� � ���0������� ��
2��#������� ��  �"��� ��"�� #"��� � ��� �"����� 0�������

�� ����� �	
���
���� ������� ��� �
����	��
� ��
�
�� �������� ��
�� 
�

�� ��������� ������� 
� ��������� ���	����� 
�  �!������ "� #� �
$ %� &'('

 �!������ �������) ������� 
� �
�����
������* ���	����� 
�  �!������ +��,

��� 
� ����������� ��������  ������� 
� "��� "�
���
�� &'%-  �!�����

�.�/.��0��� ��� (%1�� �������) �,����* �������2���������!���

"� �3���
��  ������� 
� ��
�
��� +����� 
� 4�������� �������� �/�� 5�	6�

���	������ �
��!����� ��� 7'� ('88 �������� �������) �,����* �
���
��"�,

��2�
9��/�����

5� �� �6�/�  ������� 
� �	
���
���� :

�
�� ��� ����� ��
�
��� +����� 
�

��������� ���	����� 
�  �!������ "� #� �
$ %� &'('  �!������ �������� �,

����* �����2������������!���

�����	�� & ;��� -''<� ������� -% #�
!�� -''<

�� �����������

/�� �% � �� #����  ��"�0%���� �� ����%����
���#������ �"� ������
 �
����� �� 0�� ���"�!
�� ������� ������"��� �� � �#���� ������!
���� 67�
2�

 �7�  ������ ),,+8� �� 9%���"��
�"�
��  "�#"���� � ��:�" �� �"�$%��� ��0����
��#�� �� 2���� �"���#��"�� ������%�� �� ��#�"!
���� �"�%# �� ��"0���"�% ������ 9�"0���"�%
����� %�� � 5"���#��"� �"� ����� ����
�� ��
;0�����!%#< "��%"�� ����"�
 6�� �"�� � ���

-''(= >���� ��9�� ��� ������	� 
 ������� 
�

��!�� ������� ?�
�9 @ �
�9 (AA(� ����!���

@ ���>��� (AA1� ��!����� @ ���>��� -''-=�

����� 
� ���� ������	��� �����	��� ���� �������

�������� ?���� (-' ������� �� �������� ����

-''%=� ��� ���� �������� ��� ����������
��


��
������ ��� �
��
��� ���� �� ������
�� 
�

��!�� ����
������� ��
����� !�
��	�����

��� ��	��
������ ����� ?�������� � ��� ���)8�
� ��

�� %�0���  ��� �� 0��� #���� "���!

�� �� "�
����� �0%� ���� �� #���� �� ���!

= '�����
����� (������� > ��#���0�" ����



�%����� �"� �����"� ��" ��� �������"� �� 
������"��� �� 0��
�����
  ���"���� ���#
���
�����  ��" ��� ��������� �� ��� �0%� ���� ��
�� ��� %�
 #�#%
����� 6����  ������ ��#
���
�� ��#�%"�!��"1!"���#�%"� ����� 8 �"� �����
��#"������
 �� ��� �?#����� �� ��#
����� ��"
�

 #���� �� � ����%����� /��"���"� �� ��� ��
#�#%
����� �0%� ���� 6���� �%�0�" �� �� ��� %!
�
 ��%���� ���" �" ���8 �"� %� ����� �% ���
@��
������� �� ���� �� ��� �� ��������
 ���
��
�� �"��
����� �� ���� ���� ������� �� #����
 ���"��� �%�� ���� "���� �� �� ��� �������
"�
����� �0%� ����A ���� � �� ��� %�
 �� �

 #�!
��� �"� �$%�

�  ������0
� �� �

 #���� �"�  �!
����� 6B����� � ��� ���)8� �� �" �" �� "� %��
0�� �� ���  ��� � �%�� � #��0
�� ��� �
�����!
���� ����������� �� ���%"��� �� �����  ��  ��!
��"��� ��� ����� ��%
 0� 1��2� �� ��#
���
�"������ ��%
 0�  ���
�#� �

9�"� 2� ���#�"� ��"�� ��#
��� ����� 
62��#��������  �"��� ��"�� ��  �� �"�#8� ����
�"� 2� �
� %� �� �"���#��"�
�����
 �% ��
63�
��� ),.*� �% �� ),,>� C%"1�� � ��� ),,>�
D�" ���" � ��� ���.8� E� ���#�"� ��� ���������!
�� �� ��� �
�������� �� ���� �����  2��� "�!
#��� �� ��0���� �"%��%"�� E��"�� ��� 
���� ��
�##
������� �� ���� �����  �"� 1��2� 6��%��!
2�� ),�*8� 2� ���% �� ���� ��
�  ����"����
����� �������� � ���� ����� ��� ��� �%�����
�� ��� ��#
���� 3�� �� ��� "�%
� 2� #"��� �
#"������
 "������� ����� �� ��� �#����
 %� �� 
���0������� �� ���� �����  �� �"���#��"�!

�����
 "���"���

��  ������� ������!���

���� ����� ����� ��� ���"���� "������

/�� ����������� �� �
�������� �� ��"�� ��#!

��� �����  62��#��������  �"��� ��"�� �� 
 �� �"�#8 2��� "�#��� �� ���������� �"%��%"�
2�"� ���#�"� � /2�
�� ��#
��� ��� ��  ����"!
��� ��0���� �"%��%"� 2�"� �% �� �� ��� �����
�1
F�"� "����� 6�' 9%���"�8� 2���� � #�"� �� ���
�����
�1 �������
 ��"1� ���" G	���H ��

���
6+*I�*<.,J�� ��IKK<�KJ'8� E� ��#
� �2� �.
L �. � $%� "�� #�" ���� )�-). ����" �#�"�� ��
��� �� ���� $%� "��  �"��� ��"�� 2� ��""�� 
�%� ��"�� ��

�2� 0� 2��#������� �2�  ��


���"� �� ��� ���� $%� "�� �� ���� ����  �� �"�#!
#��� 2� "%����� ������%�%
� ��" ���  ��� ��
��� �����" 2� ������

� �� � � "�#���� ���!
%"� ���
��� 2��"� ���� ��#
��� ����� 2�
%� �� ���� %0:��� 0%� ��"� 2� ��1�� �� ��%"�
���� %� �� ��� ��� ��#
��� �����  � ��� ��!
�
%���� ��� "�%
� �� ��� ����" ��#
�������� �
'��� ��#
���2��� � 0� �� �� /�� �% � 2�
��� %��� �"�� +�-)+�M�������+�

4�"��� ��"�� 6��"�����8 � �##"�#"���� ��"
��

������ #"�����N�0����  ��� �� ��� 0� %� 
#�"�

�
 2��� 2��#������� 6F"%� � /���"��1�
����� 3���"� � ��� ����8� /�� ��#
� 2�"�
��1�� 0� 2�
1��� �
��� #�"�

�
 �"����� �� ���
��#
��� $%� "��� ��" K� ���%��� /�� 2� �� ��
��� �"����� 2� )�. � �� ���  ������ 0��2���
�"����� 2� �� 
��� � �� /�� ����
 
����� ��
�"�����  �#�� � �� ���������� �"%��%"�� �� 
 ����� �� 5"���#��"�!���0
���� �

 �0�"�� 
#������2�"� "���" � �� %��� �� �2����%���
�� ���� #������ 2� "���" � ��
� �����

�2��#������� 6�������8 � ��� ��� ������
����� ��" ��

������ #"�����N�0���� �� 
�0%� ����  ��� �� �"���#��"�� 6��%��2�� 
),�*� '��� � ��� ),*K� 4%�2�  �� ),,)� 7��
�!
��� � ��� ����� D�" ���" � ��� ���.8� � ����
 ��
K�� 2��# 2�"� ��1�� #�" ��� %��� � 2��#!���
�� +� �� ��  ������"� /�� ��� 2� ��#��� ����"
���"� �. 2��#� 3��� ��"�� �� ������� 2�"�
��""�� �%� 0��2��� , �� �� . #�� �� ��
� �� 
%��� 2�����"�

���#
��� 0� �"�# 6�"�##���8 � 
� 2� �
�
%� �� �"���#��"�
�����
 �% �� ���� 2��#!
������� ��  �"��� ��"�� 6D�" ���" � ��� ���.8�
�����

 �"�# �"� ����"�

� %� ��" ��#
���
�"�%� ! 2�

��� �"��1�� 6���� D"�

�� ��� ��0�1
� ��� ),,.� �#�"0�"� � ��� ���K8 �� ��" ��%
��!
���% ��#
��� ��  ����"��� �"��"�#� ��?� 6����
��%
���O���0�"� ),,�8� O�� 0�"� � ��� 6),,�8
�� 7
����� 6����8 %� ��

 �"�# 6� �� * ��
��  ������" �� )� �� )) ��  ��#8 �� $%������
�0%� ���� 0%� ���� �"� #"���"�0
� %��%
 �� ���!
���� ���� ���� �� #���� 0%� ��� �0%� ���� ��
5"���#��"� 63��"����" � P%
1� ���K8� /� ��#
�
5"���#��"� 6��"� � ��� /��������� �� �� D"�

�!
 ��8 �"�# 2��� 
�"��"  ������" ��� 0� %� ����
�%���
 ��  �� �"�# 64%�

� � ��� ),,,� ���� �
��� ���K8� �� ��� �% ��  �� �"�# 6� 1�� �� 
�"��
#����

 �"�#8 2�"� %� � 2���� �"� �##"�#"���� ��"
��#
��� 0��� �"�! 2�

��� �� �"�%� ! 2�

!

).� ���� � ��� Q '�/5C5O� ('���7� M�
� )*



��� 5"���#��"�� E� %� 0"�2� ��
�%"� �
�2�"!
#�� 6�� �� ��  ������" �� �� ��  ��#8 � �"�#�
/�� �"�# 2�"�  %� ���� ��� ��
� �� ��� ������!
���� 2� 
��� ������� � ��?�%"� �� ����
���!�
���


6�. �N�R8�  ���"����� ��"��
 ��� � 6. �N�R8 �� 
2���" 2� %� � 1�

��� 
�$%� �� #"��"�������
/�� ����
���!�
���
 
�2
� ���#�"��� �� ���
 ���"����  ��"��� ��� #"�0�0�
��� �� #������

'�/5C5O� ('���7� M�
� )* Q � �� 
� �������� ���
�� 
� #��
���� ).)

Table 1. Mean abundance ranks and life forms of the orthopterans collected in 12 sampling sites of the Aggtelek

Karst by three sampling methods. Species are sorted according to increasing mean abundance rank. Life forms:

ch: chortobiont, fi: fissurobiont, g: geobiont, th: thamnobiont, transitional life form types are in parentheses (Rácz

1998).

Species Sampling type Life
forms

search net trap

Chorthippus parallelus (Zetterstedt, 1821) 3 1 1 ch
Pholidoptera fallax (Fischer, 1853) 1 2 3 ch
Euthystira brachyptera (Ocskay, 1826) 2 3 6 ch
Metrioptera bicolor (Philippi, 1830) 4 5 5 ch
Chorthippus apricarius (Linnaeus, 1758) 7 8 4 ch
Stenobothrus crassipes (Charpentier, 1825) 5 6 9 ch
Omocestus haemorrhoidalis (Charpentier, 1825) 10 4 7 g (ch–g)
Calliptamus italicus (Linnaeus, 1758) 6 7 8 g (g–ch)
Leptophyes albovittata (Kollar, 1833) 8 9 16 th
Gryllus campestris Linnaeus, 1758 14 18.5 2 fi
Stenobothrus lineatus (Panzer, 1796) 12 13 11 ch
Phaneroptera falcata (Poda, 1761) 9 11 23 th
Decticus verrucivorus (Linnaeus, 1758) 11 22.5 10 th (ch–th)
Stauroderus scalaris (Fischer de Waldheim, 1846) 16.5 18.5 12 ch
Poecilimon fussi Brunner von Wattenwyl, 1878 * 21.5 12 – th
Chorthippus dorsatus (Zetterstedt, 1821) 18.5 18.5 13.5 ch
Chorthippus brunneus (Thunberg, 1815) 18.5 14.5 18 ch
Pachytrachys gracilis 20 18.5 13.5 th

(Brunner von Wattenwyl,1861)
Psophos stridulus (Linnaeus, 1758) 13 24 15 g (g–ch)
Chorthippus mollis (Charpentier, 1825) ** – – 18 g (ch–g)
Tetrix bipunctata (Linnaeus, 1758) 24 10 20.5 ch
Metrioptera brachyptera (Linnaeus, 1761) 16.5 22.5 20.5 ch
Pseudopodisma nagyi Galvani et fontana, 1996 15 18.5 28 ch
Gomphocerippus rufus (Linnaeus, 1758) 23 14.5 28 ch
Platycleis albopunctata (Goeze, 1778)* 26.5 – 18 g (ch–th)
Isophya kraussii Brunner von Wattenwyl, 1878 21.5 18.5 28 ch
Omocestus rufipes (Zetterstedt, 1821)* – 25.5 23 ch
Pholidoptera griseoaptera (DeGeer, 1763) 25 25.5 23 th
Arcyptera fusca (Pallas, 1773) * 26.5 28 – g (ch–g)
Paracaloptenus caloptenoides – 28 – g

(Brunner von Wattenwyl,1861)**
Chrysocraon dispar (Germar, [1834]) 28 28 28 ch
Chorthippus biguttulus (Linnaeus, 1758) 33 28 28 ch
Saga pedo (Pallas, 1771)* 33 28 – th (ch–th)
Tettigonia viridissima Linnaeus, 1758 ** 33 – – th
Ruspolia nitidula (Scopoli, 1786)** 33 – – th
Mecostethus parapleurus (Hagenbach, 1822) ** 33 – – ch
Omocestus petraeus (Brisout de Barneville, 1856)** 33 – – g (ch–g)
Oedipoda coerulescens (Linnaeus, 1758) ** 33 – – g
Oecanthus pellucens (Scopoli, 1763)** 33 – – th (ch–th)
Chorthippus oschei Helversen 1986** 33 – – ch

* species that are missing from only one method out of the three

** species that are unique to only one method
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Table 2. Vegetation structure, number of Orthoptera species (S
total

) and individuals (N
total

) in the studied sites (1–

12).

Sites Height (cm) Cover (%) S
total

N
total

lower upper lower upper

1 32.8±4.2 75.8±17.5 95 1 16 234
2 33.4±3.7 82.4±11.2 85 12 20 342
3 34.5±4.4 84.5±10.4 85 10 20 381
4 34.4±6.1 79.9±9.3 95 15 17 521
5 30.1±5.2 72.2±9.4 95 40 14 357
6 18.6±3.8 68.9±14.2 60 2 20 262
7 26.1±4.9 59.5±10.9 55 5 19 229
8 19.2±2.9 63.0±15.5 80 1 18 258
9 29.5±3.9 65.1±13.5 60 5 13 217
10 30.7±3.3 65.5±11.5 60 5 20 255
11 23.7±5.3 51.8±13.7 95 15 18 638
12 25.8±4.6 70.9±8.1 70 12 19 257

Fig. 1. Groups of sites according to principal compo-

nent analysis based on four variables of vegetation

structure (see Table 2). Empty dots: short grasses,

filled dots: tall grasses. Labels of the dots refer to the

numbers of sites in Table 2.
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Table 3. Results of repeated measures General Linear Models analysing the effect of method and grass type on

species richness, effectiveness and selectivity on each of 12 sites (subjects). Method types were treated as re-

peated measures and grass type as a fixed factor. Dependent variables were the observed number of species

(S
obs

), estimated maximum number of species (S
max

), the expected number of species associated to the mini-

mum number of individuals observed in the samples (S
N33

), and the estimated number of individuals necessary

to catch the minimum number of species observed (N
S5

).

Source of variation S
obs

S
max

S
N33

N
S5

Within-subjects effects
Method (df=2) F 6.334 1.466 3.121 3.963

p 0.007 0.255 0.066 0.035
Method × Grass (df=2) F 0.192 0.460 0.421 1.391

p 0.827 0.638 0.662 0.272

Between-subjects effects
Intercept (df=1) F 3224.881 4398.958 1594.529 686.214

p <0.001 <0.001 <0.001 <0.001
Grass (df=1) F 0.074 0.094 0.605 0.285

p 0.792 0.766 0.455 0.605

Fig. 2. Mean ± SE of the studied variables quantifying

species richness and effectiveness of the three stud-

ied methods (search: filled, net: empty, trap: dashed

columns) in 12 sampling sites. – a. Observed number

of species (S
obs

), estimated maximal number of spe-

cies (S
max

), expected number of species associated to

the minimal number of individuals observed in the

samples (S
N33

). – b. Estimated number of individuals

necessary to catch the minimal observed number of

species (N
S5

). Variables are grouped according to

measurement scale. Different letters indicate signifi-

cant (p<0.05) differences according to pairwise com-

parisons.
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Table 4. Results of the two-way nonparametric analysis of variance analysing the effect of method and grass

type on the number of unique species (S
diff

) and the proportion of life forms (Th: thamnobionts, Ch: chorthobionts,

Geo: geobionts, Fi: fissurobionts) on 10 sites (equal number of replicates, i.e. 5 + 5, were needed within each

treatment combination; Zar 1984).

S
diff

Proportion of life forms

Th Ch Geo Fi

Total MS 77.5 77.5 77.5 77.5 77.5
Method (df=2) SS 817.4 45.1 84.2 60.2 1376.6

H 10.55** 0.58ns 1.09ns 0.78ns 17.76***
Grass (df=1) SS 132.3 19.2 340.0 381.6 64.5

H 1.71ns 0.25ns 4.39* 4.92* 0.83ns
Interaction (df=2) SS 46.6 18.1 101.7 77.3 15.3

H 0.60ns 0.23ns 1.31ns 1.00ns 0.20ns

SS: sum of squares of ranks.

MS: mean square

ns: not significant, *: p<0.05, **: p<0.01, ***: p<0.001.

Fig. 3. Mean ± SE of the studied variables quantifying

selectivity of the three studied methods. – a. Propor-

tion of thamnobiont (Th), chortobiont (Ch), geobiont

(Geo) and fissurobiont (Fi) life form. – b. Number of

unique species (S
diff

). Variables are grouped according

to measurement scale. Different letters indicate signifi-

cant (p<0.05) differences according to pairwise com-

parisons.
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Table 5. Association between life forms and the selectivity of the methods studied by multinomial logistic regres-

sion. Table includes counts of individual catches and beta coefficients for presences and absences that were

specific to each method
a
.

Life form
b

Chortobiont Fissurobiont Geobiont Thamnobiont

Count Beta Count Beta Count Beta Count Beta

Presence
Searching 13 0.26ns – –20.15na 7 1.95+ 11 0.61ns
Netting 4 –0.92ns – –20.15na 1 0.00ns 2 –1.10ns
Trapping 10 ref. 5 ref. 1 ref. 6 ref.

Absence
Searching 7 –1.15** 1 19.08*** – –19.82na 2 –2.20**
Netting 10 –0.79* 4 20.47na 3 –0.29ns 6 –1.10*
Trapping 22 ref. – ref. 4 ref. 18 ref.

a Method specific presences and absences of species were treated as multinomial dependent variables and were analysed sep arately (trapping was

treated as reference category).

b Life form categories of the species caught were included as factors in the model.

ref.: reference category.

na: significance not assessed due to the lack of variance or low sample size, ns: not significant, +: p<0.1, *: p<0.05, **: p<0.01, ***: p<0.001.
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