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Appendix 7: Guidelines for performing Mating Compatibility Field Cage Test 
 Note: this document is an adaptation of the guidelines presented in the FAO/IAEA/USDA Manual for 
Product Quality Control and Shipping Procedures for Sterile Mass-Reared Tephritid Fruit Flies (2003). 
The QC Manual can be downloaded from http://www-naweb.iaea.org/nafa/ipc/public/ipc-mass-reared-
tephritid.html and a revised version will soon be available.  
 Overall Objective 

The overall objective of the mating compatibility field-caged test is to determine the degree of 
sexual compatibility between two populations/strains under semi-controlled field conditions by releasing 
in a confined semi-natural environment (i.e. field cages with trees inside) sexually mature fertile but yet 
virgin flies from these two populations to observe their mating behaviour and interactions during the 
time of sexual activity.  
 Specific Objectives 

1. To determine the number of mating couples obtained in each of the possible mating 
combinations between the two populations. 

2. To characterise male calling behaviour (time, location, aggregation in leks, number and type of 
males in the lek, aggressive behaviour, etc.). 

3. To characterise male – female interactions once the females arrive at the lek. 
4. To determine mating duration and any possible correlation with the mating combination or type 

of cross (homotypic vs. heterotypic). 
5. To determine possible changes in female postcopulatory behaviour. 
6. To determine the impact on the above mentioned variables of the origin of the other population 

released in the field cage (presence of plasticity in the mating behaviour). 
7. Determine sperm transfer. 
8. Obtain couples to perform studies of postzygotic compatibility. 

 Discussion 
Mating behaviour field cage tests aimed either to evaluate mating compatibility of male performance, 
are the best compromise between laboratory conditions and costly and/or impractical field observations 
to assess tephritid fly mating behaviour under semi-natural conditions. 
 
Sexual compatibility is the degree to which two groups of animals tend to mate randomly without regard 
to their group of origin rather than mating selectively with members of their own group. For tephritid 
SIT programmes, the sexual compatibility between the target wild population and the candidate strain or 
population aimed at being transferred to mass rearing intended to be used for release should be measured 
before initiating any large-scale operations. In some tephritid species, sexual incompatibility could 
reveal the presence of sexually isolated populations and, to some further extent, the presence of cryptic 
species previously undetected.  
 
The FAO/IAEA/USDA QC Manual offers a standard design for field-cage tests and it is recommend 
that within the CRP people follows this protocol with the particular modifications presented here. Data 
from these tests can be used to generate simple, reproducible, meaningful indices of sexual compatibility 
that can be used for making comparisons between populations. Given it was concluded in previous 
CRPs that the nutritional status, sex ratio and density of flies in relation to available canopy surface in 
the field cage influences test results, efforts should be made to strictly follow the standards described 
thereafter in order to minimize the impact of these variables on the overall results and thus permit 
comparisons among different research groups. 
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Sources and Handling of Flies 

Biological material can come from already established laboratory strains or from wild populations. 
In both cases pupae should be placed in proper conditions to allow adult emergence. Within a few hours 
of adult emergence, select only flying adults and separate the sexes. Sexing has to be 100% effective. 
Female cages in which even one male is detected cannot be used for the tests and will have to be 
discarded, the same is recommended for male cages in which one female has been missplaced. Then, 
hold the flies according to the day of emergence in laboratory cages (screen or Plexiglas) containing 
water and a food until sexually mature. Age of sexual maturity will vary with species or strain so in case 
no data is available, preliminary tests may be required to determine the appropriate testing age. The type 
of food to be given should be equal to all origins and should resemble the one the flies consume in 
nature. Moistened dry fruits such as figs is a good worldwide available option; however a source of 
protein is required. Preferably, the sexes should be placed into two separate rooms at a maximum 
density of ±40 flies per litre volume for the case of medlfy and less for bigger flies such as some 
Anastrepha or Bactrocera spp.  
 Equipment 
• All necessary equipment to maintain the flies in the laboratory from emergence until release in the 

field cage: Plexiglas cages with “Flight Ability” devices, aspirators to sex the flies, ≈1 l containers, 
water and food containers, etc. 

• All necessary equipment to mark the flies according to the chosen technique (see below): (1) 
fluorescent powder; (2) water-based paint, thin soft camel hair brushes and a meshed bag; (3) cake 
colorants to dye the diet. 

• Outdoor field cage, 2 m tall by 2.9 m in diameter, set up over a plant that fills a large portion of the 
volume of the cage (Error! Reference source not found.).  The plant should be a local host plant of the 
fly species to be tested (citrus, guavas, etc.). Ideally, the plant should be rooted in the ground, but 
potted plants may suffice if ground-rooted plants are unavailable. Artificial trees may also be an 
option and have the advantage that flies are not exposed to plant volatiles that alter flies behaviour. 
Care must be taken in setting up the cages. The available foliage must provide an abundant substrate 
for mating behaviour, but could be lightly pruned (if necessary) so that flies will be visible to the 
observer. An average of 20 medium-sized leaves should be available per fly released in the field cage. 
If adequate foliage and light are available within the cages and if not more than 150-200 flies are 
released per cage (regardless of the type of field cage test done), little if any mating activity should 
take place on the screen of the cage.   

• Plastic pill vials, scintillation vials, or similar containers of about 10-20 ml preferably clear, to collect 
the mating couples (depending on the amount of flies released 50 – 80 per cage). 

• Grease pencils and/or masking tape and pens for marking vials. 
• Long-wave ultra-violet lamp (should flies not be marked with paint and identifiable only by the 

presence of fluorescent dye) or fluorescent microscope. 
• A minimum of 4 dental cotton wicks impregnated with water should be placed per tree as source of 

water for the flies. 
• Data recording forms with pencil. 
• Hydro-thermometer and luxmeter. 
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Procedure 
Before releasing the flies in the cages, it would be necessary to mark them in order to distinguish 

at which strain/population they belong. Three methodologies are widely used and can be applied in 
conjunction:  

(1) dyeing with fluorescent powder as in operational programmes 
(2) painting the flies in the thorax with water based paint, or  
(3) providing the flies with diets dyed with non-toxic food colouring.   
Each technique is applied at different times. In the case of fluorescent powder, dying occurs at the 

pupal stage before adult emergence with approximately 1.5 gr per kilo of pupae. In the case of painting 
the thorax, at least 24 to 48 hours before the test, flies are marked individually by applying a small dot of 
paint on the dorsal surface of the thorax. Flies can be immobilize by chilling them at approximately 5° C 
for a few minutes or by placing them in a bag made of mosquito net (18 mesh), placing the bag on a 
table, and holding the mesh down gently around each fly, one at a time. Use a thin, soft camel hairbrush 
to apply a small drop of paint to the fly. This procedure is illustrated in Insert Figure 1. For the case of 
adding the colorant to the diet, it is advisable to do it since adult emergence. A small drop of non-toxic 
food colouring is added to the adult food in order to obtain the same food with different colours. Flies 
that ingest the food with have their abdomen coloured with the provided colour as illustrated in Figure 3.  Even though marking of flies with water-based paint or cake colorants appears to have no effect on 
mating performance field cage test results, colours used for marking strains should be randomised 
among replicates and brands of paints or colorants could be evaluated ahead of time to ensure that the 
mark does not affect fly behaviour or survival.   

Immediately after marking, flies are transferred to containers suitable for releasing them into the 
field cages with water and food in groups of 25 – 50 flies, depending on the species, per 1 litre container 
(see Insert Figure 24).   
 Insert Figure 1: Procedure for marking tephritid adult individuals with water-based paint. A. Adults 

are gently blown from the aspirator into a bag; B. The bag is stretched to immobilize the fly 
and a drop of paint is made on the notum; C. The result: a marked Anastrepha fraterculus 
male calling in a field cage. 

 
 

Insert Figure 2: Flies dyed with non-toxic food colouring.  Insert Figure 4: Container used to hold the flies after individual marking and before releasing into the field cage. A. Food (protein+sugar); B. Water; C. Label mentioning the strain, sex and 
number of adults. 

 
On the day of the test, males are released into a screen cage and given a period of time (e.g., 15-30 min) 
to disperse and establish territories. The number of flies to be released depends on the species; for the 
case of medfly normally 50 flies of each strain and sex are released which totals 200 flies per cage while 
for other species it is recommended to release 25-30 flies of each sex and origin. Time of release should 
precede the time of peak mating for that species. Flies should be able to fly out of the container by 
themselves and should not be forced to do so by shaking the container or pushing flies out. Flies that are 
left inside the container, dead, deformed, or apparently incapable of flying should be replaced. Then, 
females are released.   

 
Starting time of mating performance field cage test should be adjusted according to environmental 

conditions and fly activity (i.e. early start on hot days) and test duration should cover most of the known 
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sexual activity period for the species under the local conditions. In the absence of such information, the 
test should cover most of the day. Ideally, tests should be run “blind”; i.e., technicians running the test 
should not be told which colour of marking corresponds to wild or sterile. In addition colors should be 
alternated randomly among replicates. 

 
Insert Figure 5: Collection of an Anastrepha fraterculus mating pair during mating performance field cage test  Data gathering  Collection of mating couples 
After release of females, observers should screen the tree for mating couples. This can be done 
continuously or a census of mating couples can be done under a certain frequency. Census frequency 
should be at least every 10-15 minutes, or even shorter for species that have shorter mating durations. 
Capture mating couples individually in the vials, taking care to get only one pair (and only 2 flies) per 
vial. Look at the pair carefully (Insert Figure 5) in order to confirm that copulation is taking place; 
males sometimes mount the female without but real genital contact. If flies are not marked with paint but 
with fluorescent dye, keep them well identified (number each vial in accordance to the record is 
followed in the form) for a later recognition under the UV lamp or the fluorescent microscope. 
 Location of couples 
Write time the position on the tree (height, substrate, quadrant, and any information considered relevant) 
or any other place on the cage from where the couple is collected. Record all pertinent data, including 
time and type of male and female for each vial on the form. Label the vial accordingly, indicating the 
number assigned to the field cage in which the mating took place (if more than one cage is run on a 
given day), day of test and the number of the mating pair (couples should be numbered in the order they 
are collected in a given cage, starting from 1, for the first mating pair). This is extremely critical and 
attention should be paid in order not to mix the mating pairs. 
 Mating duration 
Write time when pairs were captured on the form. Once the couple is in the vial, care must be taken to 
ensure that the vials are kept in the shade and otherwise handled to minimize thermal or other stresses to 
the flies. Observe mating couples in vials on a regular basis (every 5 min or less) and note the time when 
uncoupling occurred.  
 
Continue the test until the natural period of peak mating for that species under local conditions is well 
over. Once the test is over, with the aid of an aspirator remove the flies that did not mate from the cage. 
It is advisable to wash the tree to help removing any chemical signal left by the flies if the cage is to be 
used on the following or consecutive days. 
In addition to the standard procedure described in the previous paragraphs, it is recommended to collect 
the following information: 
 Male calling time: 

To determine the extent and timing of the males’ participation in pre-mating behaviours, a census 
may be taken at regular intervals (e.g., every 10-15 min or half hour). During the census, the number, 
location, and colour of mark are recorded for each male that is “calling”, or releasing pheromone within 
the cage or involved in courtship with female. Calling males are typically (but not always) on the 
underside of leaves. In medfly and in some Anastrepha species, they can be identified by the presence of 
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what appears to be a drop of liquid on the tip of the abdomen (in reality, a sac is extended from the anus) 
and males also may inflate pouches on the pleura (Figure 6). Calling males may intermittently vibrate or 
“fan” their wings while standing in place; during fanning, anal sac is partially retracted and held under 
the abdomen, and thus is more difficult to observe. These data can also be used to check diel periodicity 
of sexual behaviour among sterile males in comparison with wild males. 
 Insert Figure 6: Anastrepha fraterculus calling male.  Incidence of remating 
This requires continuation of the test for a second or even more days. It is recommended then that this 
part is held under laboratory conditions to avoid dependency on weather conditions. Here again, care 
should be taken when collecting mating pairs during the first day to ensure that they are not disturbed to 
the point where they uncouple prematurely. Given that female behaviour is the core of this part, it is 
recommended that females are held singly in vials and two virgin males are offered every certain 
established period until females remate or the observation period ends. Remating rate and refractory 
period are the variables to be analyzed. The test should be run at leat twice the time of the mean 
refractory period (if known) and virgin males of the same population of the females should be offered at 
regular intervales (i.e. every day, every two days or three times a week). If possible, an ovisposition 
substrate can be provided to the females and the number of eggs laid recorded to be used as a covariable 
in the analysis. If female receptivity is very sensitive to fly density, then it is recomended to run the test 
under relaxed conditions in order to allow the females reject the males. For meaningful data, 25 females 
of each category should be analyzed. 
 Interpretation  
 

Measures of sexual activity: 
For meaningful data, the basic mating performance field cage test (one-day observation) should be 
replicated ca. 6 - 10 times. Test replicates with more than ca. 25% of wild flies on the cage screen during 
calling periods may reflect inadequate environmental conditions (such as inadequate light, lack of water, 
leaves, etc.) and should therefore be repeated. In general it is suggested that fly activities occurring away 
from the host tree should not be included in the data analysis. This statement, however, should be taken 
with caution in compatibility tests given that the occurrence of leks and matings in the screen of the cage 
may also reflect some kind of spatial (i.e. ecological) isolation. For this reason it is recommended that 
any information should be recorded during the test and discarded if considered properly at the moment 
of data analysis. 
 
Proportion of mating (PM). The proportion of flies mating measures the suitability of the flies and the 
environment for mating and is defined as  

PM = No. of pairs collected / No. of females released 
Mean percentage of mating provides a useful indication of mating propensity. With C. capitata, mating 
propensity is considered adequate when 50% of flies from all combinations of strain and sex participate 
in mating. In practice, flies from some wild strains (especially the females) are more reluctant than 
sterile females to mate in field cages. At any rate, data from a cage should be discarded if less than 20% 
of both males and females from any strain participate in mating.   
 
Indices of strain sexual compatibility: 

Several indices have been developed to quantify the sexual compatibility between 
strains/populations. The indices should be computed separately for each cage. Analysis of test results 
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should involve the use of all of the main indices available (RII, ISI, FRPI, MRPI, see bellow for a 
detailed description). It is advisable to include χ2 Goodness of Fit analysis to assess statistically 
significant departure from random mating.  .  
 
Relative Isolation Index (RII). The RII is a measure of mating compatibility between two strains. 
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×

×
=  

Values of 1 indicates random mating between strains which is desirable in terms of SIT control; values 
greater than one indicate positive assortative mating, i.e., males from population A tends to mate with 
females from population A and vice versa (see Figure 7). The RII has some advantages over other 
indices of compatibility being the most relevant to this type of tests the fact that it is not affected by the 
overall level of participation of the different types of flies, but only by whom they chose to mate.  
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Figure 7: Graphic representation of the Relative Isolation Index (RII). The value shown represents 

the mean value obtained when comparing wild and sterile Ceratitis capitata flies in field 
cages. 

However, RII also has some disadvantages. First, it is undefined if one of the two heterotypic crosses is 
zero. Second, when the number of matings in any one category is small, adding or subtracting a single 
mating in that category will cause a large change in the value of the index. Third, it can be difficult to 
normalize if the data are to be analysed statistically. Values of RII larger than 1 indicate that there is 
some difference in mating behaviour (in a broad sense) between the two populations, and that one or 
both strains are tending to mate assortatively (i.e., like with like). Values of RII that trigger corrective 
action will probably be found to vary from species to species, and wild flies from some areas seem to 
consistently produce higher RII’s than flies from other areas.  
 
Isolation Index (ISI). The ISI is a measure of mating compatibility. 
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Its values range from -1 (complete negative assortative mating; i.e., all matings are with members of the 
opposite strain) through 0 (random mating) to +1 (complete positive assortative mating; total mating 
isolation of the two strains) (see Figure 8). The main advantage of this index is that, by ranging from –1 
to +1, it is easier to assess the deviation from the expected value of 0 than it is with index ranging from 0 
to infinity. Compared to the RII, ISI is not as sensitive to a change in a single mating and can always be 
defined, whatever are the values of the 4 types of mating. In general, values of ISI consistently larger 
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than 0.5 suggest that some positive assortative mating took place (which should be explained by 
analysing the values of MRPI and FRPI).  
 

-1 -0.75 0.75 +10.50.250-0.5 -0.25

WSSWWWSS
)WSSW()WWSS(ISI

+++

+−+
=

ISI

Random mating
(Sexual compatibility)

Positive
assortative

mating
(Sexual isolation)

Negative
assortative

mating

-1 -0.75 0.75 +10.50.250-0.5 -0.25

MRPI

Equal mating
propensity

All matings
by sterile

individuals

All matings
by wild

individuals

FRPI

FRPI SS WS SW WW
SS SW WS WW

=
+ − +

+ + +

( ) ( ) MRPI SS SW WS WW
SS SW WS WW

=
+ − +

+ + +

( ) ( )

-1 -0.75 0.75 +10.50.250-0.5 -0.25

WSSWWWSS
)WSSW()WWSS(ISI

+++

+−+
=

ISI

Random mating
(Sexual compatibility)

Positive
assortative

mating
(Sexual isolation)

Negative
assortative

mating

-1 -0.75 0.75 +10.50.250-0.5 -0.25

MRPI

Equal mating
propensity

All matings
by sterile

individuals

All matings
by wild

individuals

FRPI

FRPI SS WS SW WW
SS SW WS WW

=
+ − +

+ + +

( ) ( ) MRPI SS SW WS WW
SS SW WS WW

=
+ − +

+ + +

( ) ( )

-1 -0.75 0.75 +10.50.250-0.5 -0.25

MRPI

Equal mating
propensity

All matings
by sterile

individuals

All matings
by wild

individuals

FRPI

FRPI SS WS SW WW
SS SW WS WW

=
+ − +

+ + +

( ) ( ) MRPI SS SW WS WW
SS SW WS WW

=
+ − +

+ + +

( ) ( )

 
Figure 8: Graphic representation of the Isolation Index (ISI) and of the Male and Female Relative Performance indices (MRPI and FRPI). These indices should only be considered together 

for a better understanding. The value shown was obtained when comparing wild and sterile 
Anastrepha ludens flies in field cages (after Hernandez et al. 2003). 

Male Relative Performance Index (MRPI). The MRPI is a relative measure of mating propensity of 
males of one population versus males from the other. 
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A value of 1 indicates all matings in the cage were done by sterile males, and -1 indicates all mating was 
done by wild males. Zero indicates that wild and sterile males participated equally in mating (see Figure 8). This index must be used in addition to the mean percentages of different types of flies participating 
in mating, and complements the ISI and FRPI (below). 
 
Female Relative Performance Index (FRPI). The FRPI is the counter part of the MRPI and serves as a 
measure of mating propensity for female flies (see Figure 8). 
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The joint analysis of ISI, MRPI and FRPI, should provide a complete and reliable picture of the sexual 
compatibility between strains and, should a deviation from the expected standard be encountered, the 
reasons why it occurred.  

 
Mating time: 
The time at which matings take place is species and/or strain specific, as such in this type of test it is 
important to evaluate of this trait is affected or not by the origin of the other population present.  
 
Copulation duration: 
Length of time spent in copula can be an indication of laboratory adaptation of a strain and can be 
related to transfer of sperm and accessory gland fluid to the female fly or the occurrence of some kind of 
guard posture. Duration of copulation can be compared among crosses by means of ANOVA or with 
non parametric statistics. In C. capitata, it has been noted that an exceptionally long duration of mating 
(>3 hours) very often resulted in no sperm being transferred to the female. However, short duration of 
mating for sterile males, relative to those of males mating with the same type of female, may be 
indicative of some kind of isolation, and may correlate with other related aspects, such as those on the 
incidence of remating.  
 
Male calling time: 

Calling, or releasing pheromone to attract female flies, is an early and critical step in a male’s 
effort to secure a mate. The incidence of calling is a component of mating propensity, and a low 
incidence of calling could be indicative of low fly quality or vitality. In addition, location of calling 
males is relevant in this type of tests given that they may reflect the occurrence or not of mixed leks.  

 
Female acceptance: 

Estimating the rate at which females accept males from their own origin or from the other requires 
more detailed observational studies, quantifying the number of female visits to the different types of 
calling and courting males, and recording rejection or acceptance of males by females. However, these 
data is of outmost importance in the case of incipient isolation between two origins.  
 
Incidence of remating: 

Remating in wild tephritid females is more common in nature than previously believed. This 
behaviour can be interpreted as the outcome from what the female received during the first mating and 
Postcopulatory decision affected by her reproductive potential. Failings in the first election may be 
reverted in a second mating and in the case of compatibility studies it may reflect a rejection of the first 
male.  

 Modification to the mating performance field cage test 
Other variations of the mating performance field cage test may be conducted if deemed necessary. 
Examples of possible alternatives include: different ratios; use of various potted host plants; use of 
higher male:female ratio by releasing females slowly over time (as would be expected in natural leks in 
the field); replacement of individuals as the couples are formed; etc. In the specific case of this cryptic 
species complexes CRP it is desirable to agree to which etent changes are appropriate or may impede 
comparisons between investigations. Use of tests with alternate designs may be particularly valuable in 
diagnosing causes of less-than-desirable levels of sexual compatibility but it is recommended to perform 
first the agreed protocol.  
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