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ABSTRACT: Learning is an important process by which animals can optimize their 

behavior based on acquired information. Learning is ubiquitous in virtually every animal 

taxa, and yet few studies have empirically identified ultimate causation. In the field of 

insect learning, parasitoid wasps have become a well-studied model organism. This 

paper makes use of this body of literature to investigate whether after accounting for 

phylogeny, degree of host specialization correlates with learning ability. 

 

Introduction 

Learning allows animals to use information about the past and current state of their 

habitat to optimize their future behavior. Through this process, their estimate of the 

environment is continually updated according to the cues they perceive. As Ernst Mayr once 

put it, "The great selective advantage of a capacity for learning is, of course, that it permits 

storing far more experiences, far more detailed information about the environment, than can 

be transmitted in the DNA” (Mayr 1974, quoted in Papaj and Prokopy 1989). 

Parasitioid wasps are insects whose larval stage develops within another insect, feeding 

on its tissues and eventually killing it (Godfray 1994). In parasitoid wasps, adult females search 

for appropriate hosts in which to oviposit, and thus their reproductive success depends strongly 

on their foraging success. As insect hosts are often distributed in a somewhat unpredictable 

pattern in space, it is expected that females will learn habitats in which they encounter hosts. 

Successful experiences indicate to the female the higher chance of finding hosts in that 

microhabitat, and increase her subsequent attraction to that microhabitat. Indeed, it has been 

observed in laboratory experiments that experience with a host in the presence of a given cue 

increases the female’s preference for that cue. Learning of hosts and host-related cues has 

been conclusively demonstrated in many species of parasitoid wasps, often shifting innate 

preferences for microhabitats and/or host species.  

For female parasitoids, this behavioral flexibility in search is predicted to increase fitness 

as a result of increased efficiency. It has been found that increased female efficiency at finding 



 

hosts results from previous experience, as in the case of Aphidius ervi optimizing search time 

with aphids on host plants. Associative learning has tentatively been shown to increase 

reproductive fitness. In a study conducted by Dukas & Duan, (2000) females in a setting where 

learning was possible had significantly more surviving offspring than females in settings in 

which learning was precluded. These stu 

A number of ecological factors have been proposed to influence learning ability, 

including the number of decisions made in an individual’s lifetime (Potting & Vet 1997), 

environmental heterogeneity (Dukas & Duan 2000), environmental unpredictability, (Papaj & 

Prokopy, 1989) and degree of host specialization (Bernays & Wcislo 1994).  

The environmental unpredictability hypothesis suggests that the environment is too 

unpredictable for natural selection to set exact innate preferences for organisms. This 

hypothesis also suggests that if the environment an organism encounters reveals no 

information about the future environment, learning should not be favored (Papaj & Prokopy, 

1989). 

With respect to degree of specialization, generalists (i.e. organisms that use multiple 

host types) have been predicted to learn better than specialists (i.e. organisms which use only 

one or a few host types).  The underlying rationale is that generalists, by virtue of using a 

greater range of host types, will experience a greater level of unpredictability in resources than 

specialists.  To the extent that learning helps to cope with that increased unpredictability, 

generalists should learn better than specialists.  This argument assumes that learning is a costly 

trait, but evidence validating this assumption is growing (see Burger et al. 2008). 

The present study asks whether adult learning ability is correlated with degree of 

specialization in parasitoid wasps of the Family Braconidae. The Braconidae is a species-rich 

family of parasitoids, which is estimated to contain as many as 50,000 species. Braconids are 

crucial to success in biological control, and by the mid-80’s had already been introduced in 

successful programs on at least 53 separate occasions (Greathead 1986). Species within this 

family have been used as model organisms in behavioral ecology research, including a 

significant number of studies on learning in relation to host-finding.  There is thus significant 

interest in this family from both theoretical and applied perspectives.  



 

 

Methods  

Learning data 

The data presented are a result of an exhaustive literature search of studies on learning in 

braconids. Data on learning were collected by searching the literature using Web of Science 

(Thomson Scientific) with keywords including: Parasitoid, Braconidae, learn*, experience, 

conditioning. I focused the analysis to the effect of adult experience on relative preference. 

Natal experience can be a learning process, but was not considered in this study. In order to be 

included in the analysis, a study needed to meet the following two criteria: Only adult 

experience differed between treatment groups, to ensure that results were not a result of natal 

experience (Davis, in press). Secondly, wasps had to be tested in a choice assay involving two or 

more choices.  

In a typical parasitoid learning study, gravid females are assigned to one of two groups, 

a group experiencing cue A or a group experiencing cue B. Females are then provided an 

experience, consisting of either the host itself, or the products of host presence (such as feces 

or leaf damage caused by a host) presented in combination with the cue (scent or host plant). 

They are then allowed to choose between cue A or cue B, and the proportions of females from 

each group choosing either the learned cue or the alternative cue is recorded.  

No-choice assays are tests in which parasitoids are presented with a single cue and their 

responsiveness (such as percentage of sustained flights, search time, rate of antennation, etc) is 

measured. They offer different information than two-or more choice tests, and standardizing 

the two is problematic. Thus, only assays involving two or more simultaneous choices are 

included in this analysis. 

 

Effect-size calculations 

Learning ability was estimated in terms of the effect of experience on behavior. Standardized 

effect sizes of the influence of experience on behavior were calculated from data provided in 

the tables and graphs of the collected studies.  When data were available only in graphical 



 

form, I used ImageJ (NIH) to measures the effect sizes.  This effect size formula used was 

developed by Turelli (Turelli et. al, 1984). The magnitude of the effect of experience is   

Δe = (px|x – px|y ), 

where x and y are the offered cues, px|x is the proportion of individuals selecting cue x when 

the subjects have experience with cue x, and px|y is the proportion of individuals selecting cue 

x when the subjects have experience with cue y.  This effect size ranges from -1 to 1, with 0 

indicating no effect of experience, 1 indicating that wasps only choose the previously 

experienced cue, and -1 indicating that they never choose the previously experienced cue. 

An effect size was calculated for each combination of cues within a study. Then, a 

weighted average for the species was calculated, where the weight assigned to each individual 

Δe was equal to the reciprocal of the sampling variance.  In this way, an average Δe was 

obtained for each species. This measure was used in the phylogenetic contrasts, while 

individual Δe values were used for analysis of the methods. See Appendix 1 for average Δe 

scores.  

 

Effects of study methodology 

Several factors may affect the success of detecting the hypothesized correlation. To address the 

proximate mechanisms that influence parasitoid learning, each included study was coded for 

five methodological aspects; type of training (oviposition, leaf damage, frass), number of 

trainings (in the case of oviposition), time between training and testing, type of material the 

wasp is tested (host, plant, host-plant complex, frass, or cue), and unit of response measured 

(parasitization, residence time, or crossing a threshold). In studies in which it was impossible to 

determine methodology from the text, those data were left missing. In the case of oviposition 

experience, four studies reported time allowed for oviposition. I was unable to compare this 

measure to the other studies which reported number of ovipositions, therefore in such cases 

number of ovipositions was excluded from analysis.  

Two analyses were conducted to assess the impact of methodology. The first consisted 

of identifying factors which significantly affected Δe across all species. The second analysis 



 

determined what factors significantly affected Δe when considering only studies in which one 

species of parasitoid was subject to different methodologies. Data were analyzed using JMP 

statistical software (version 7). Statistical details are reported in Table 1. 

Host range data 

In order to test the hypothesis of positive correlation between parasitoids’ host range and 

learning ability, I assembled data on number of host insects. Data on insect hosts were obtained 

from the Catalog of Hymenoptera in America North of Mexico (Krombein and Hurd, 1979) when 

possible. For parasitoids whose host range was not included in this catalog, host data was 

assembled from the literature. [see Appendix 2 for source details]. In order to address the 

hypothesis of host versus habitat specialization, I also assembled number of plants that insect 

hosts were found on (number of species, genera, and families), as well as the total possible 

number of insect/plant combinations from HOSTS-Database of the World's Lepidopteran Hostplants 

(Robinson et al.). Owing to the lack of host-plant information, this was only feasible for 

lepidopteran hosts, and thus only a small number of parasitoids could be analyzed in this 

manner.  

Host range was characterized as number of host species, number of host genera, and 

number of host families for a given parasitoid species. These estimates rely on published host 

records that may be inaccurate for a variety of reasons. Host records are often incomplete for a 

given parasitoid species and may contain misidentifications. Much of the information on host 

ranges is based on field surveys of insect pests; use of non-pest species as hosts is poorly 

documented. Moreover, many investigators have examined braconid host ranges in an 

experimental setting, in which a parasitoid might accept a host it would normally not encounter 

in the field. Additionally it is possible that a parasitoid will oviposit in a species in the wild, and 

thus the species recorded as a host, but that offspring using that host have virtually no viability.  

It is debatable whether such hosts should be included in a parasitoid’s host range but in the 

absence of viability data, they are.  Finally, while we are assigning one level of host 

specialization to a given parasitoid species, populations within a species often differ in host use 

(A.R. Kraaijeveld, personal communication). In that case, a species-level characterization of host 

specialization may be misleading.  Note: Data on hosts were excluded for Lysiphlebus 



 

testaceipes, as records indicated “widely polyphagous, parasitizing most of Aphidiinae”, and I 

am unable to estimate a host number based on this information. See Appendix 1 and 2 for 

information on host-range numbers and literature source. 

 

Phylogenetic analysis 

For purposes of this study, two phylogenies were considered. The first is a phylogeny of 

Microgastrinae from Michel-Salzat & Whitfield (2004) and branch lengths are as reported 

therein. This phylogeny was included within a second phylogeny of all wasp species that met 

the inclusion criteria. The more inclusive phylogeny was reconstructed by combining three 

phylogenies (Michel-Salzat & Whitfield 2004, Shi et al. 2005, Kambhampati et al. 2000). The 

reconstruction involved assigning a position on the tree for each component phylogeny based 

on sister taxa. Please see Appendix 2 for source of phylogenies. Because the information used 

to build the more inclusive tree came from multiple studies using different methods, consistent 

estimates of branch lengths were not available. For analysis, branch lengths were set to 1, and 

subsequently ultrametricized (standardized to make species contemporaneous, which assumes 

equal amount of evolutionary change for all species). Because closely related species tend to 

share similar trait values (Bloomberg et al. 2003), I performed phylogenetically independent 

contrasts of learning scores and various measures of host and habitat specialization. Data was 

analyzed using the Mesquite system for phylogenetic computing (Maddison & Maddison 2007). 

Felsenstein’s r is the correlation between two characters after controlling for phylogeny. See 

figures 1, 2, 3 for phylogenies and Table 2 for statistical details. 

 

Results 

Analysis of methodology  

Several factors were tested for their impact on Δe scores: type of training (leaf damage, feces, 

oviposition) time between training and testing, type of material the wasp was tested to (plant, 

feces, host-plant complex), and unit of wasp response measured in the experiment 

(parasitization, residence time, or crossing a threshold). Only number of ovipositions had a 



 

significant effect in both the species-wide analysis (β=0.11, F=12.23, p=0.0012) as well as in the 

replicated-only species analysis (β=0.107, F=7.87, p=0.01). This shows that the number of times a 

female oviposits in the presence of a cue directly enhances her subsequent response towards 

that cue. This pattern is in accord with the information acquisition hypothesis, in that repeated 

experiences with hosts in the presence of a particular cue reveal information about the future 

abundance of hosts associated with that cue. Thus, it should be unsurprising that increased 

oviposition training increased the response of parasitoid females towards the learned cues.  

 

 

Table 1. Influence of number of ovipositions on learning index 
 

 Factor Number of  
Δe scores 

Number of 
categories 

β F-ratio p 95% CI 

        

across all species Species 104 13   F=5 <0.0001   

 Number of trainings 55 7 0.11 F=12.23 0.0012 0.045 to 0.17 

        

 
replication within 
species 

 
Species 
number of trainings 

 
28 
28 

 
4 
6 

 
 
0.107 

 
2.14 
F=7.87 

 
0.12 
0.01 

  
 
0.028 to 0.19 

 

 

 

 

 

 

Phylogenetic contrasts 

The resultant phylogenies are shown, for all the species in Figure 1, and for the subfamily 

Microgastrinae alone in Figure 2. The mirror phylogenies depicted in Figure 3 are one example 

of the many contrasts performed (in this case contrasting number of plant genera with learning 



 

index). The phylogenies were used to control for evolutionary divergence, and the resulting 

correlations between host range and learning score are reported as Felsenstein’s r-values. The 

phylogenetic contrast revealed that there is a significant positive correlation between learning 

index and breadth of host range [Table 1]. When considering all species included in this study, 

number of insect host species, genera, and families correlated with the learning index (average 

Felsenstein’s r=0.51). However, it appears that this trend is driven by members of 

Microgastrinae (average Felsensetein’s r=0.81 for same measures). When considering 

Microgastrinae alone, it becomes evident that the correlation is very strong in this group, and is 

responsible for the overall pattern. Interestingly, number of plants that a parasitoid may find its 

hosts on, whether measured by species (Felsenstein’s r=0.93, p=0.0011), genera (Felsenstein’s 

r=0.93, p=0.0013), or families (Felsenstein’s r=0.97, p=0.0002) consistently emerges as a 

stronger indicator of learning index than number of insect hosts, as evidenced both by higher 

correlation coefficients and smaller p-values. 

It is important to note that measures of host specificity are highly correlated with each 

other, and though there is variation in magnitude of the correlation, they are presented here in 

order to illustrate that the trend holds across measures. 



 

Figure 1. Learning index mapped onto phylogeny of all species whose studies are included. See text for 

information on branch lengths.

 

 

 



 

Figure 2. Phylogeny of Cotesia species and Microplitis croceipes, with number of host genera mapped 

on. Branch lengths indicate degree of genetic divergence. See text for details. 

 

 

 

 

 

 

 

 



 

Figure 2. Mirror trees showing Learning index (left) and number of plant genera (right)  for Cotesia 

species and Microplitis croceipes. 

 

 

 

 

 

 

 

 



 

Table 2. Influence of host, host plant, and host/host plant combinations on learning index 

 

 Measure Felsenstein's 
r 

n p  

      

All species insect species 0.52 18 0.013  

 insect genera  0.48 18 0.023  

 insect families 0.54 11 0.04  

      

      

Microgastrinae insect species 0.9 7 0.0027  

 insect genera  0.89 7 0.0035  

 insect families 0.65 7 0.059  
 

 plant species 0.93 7 0.0011  

 plant genera 0.93 7 0.0013  

 plant families 0.97 7 0.0002  

      

 plant/insect species 
combinations 

0.83 7 0.011  

 plant/insect genera 
combinations 

0.79 7 0.018  

 

 

Discussion 

Proximate factors 

Several factors may bias our assessment of behavior in an organism, including the experimental 

design that it is subjected to. In the case of parasitoid wasps, it seems that the number of times 

females oviposit in the presence of a given cue significantly impacts their subsequent response 

to that cue. As such, some of the variability unaccounted for by phylogeny and number of 

hosts/host plants may be partly explained by number of ovipositions allowed in the 

experiments. 

While compiling data for this study, I was struck by the variety of methodologies used by 

researchers, even when attempting to answer precisely the same question. How are we to 

compare two studies, one in which training consists of 24 hours in a host-plant complex and 



 

one in which training consists of a single oviposition, or between studies, one in which the 

parasitoid must discriminate between strains of one plant, and one in which the parasitoid 

must discriminate between yeast and leaves? This challenge highlights the importance of a 

standardized learning protocol, so that results may be meaningfully compared across studies, 

which is a virtually impossible undertaking at this time. It is easy to see that experimental 

design can greatly bias the conclusions drawn, and effort should be made to use similar 

practices across studies. Identical methodology for distantly related species is inappropriate, 

but I believe there is much to be gained by reaching a consensus on how to study closely 

related species. 

Types of learning in parasitoids 

There is a distinct possibility that the type of learning evaluated (sensitization, associative 

learning, or other), as well as the modality involved (chemosensory, visual, or other) impacts 

the conclusions of analyses such as this one. 

There exist many mechanisms by which experiences shape future behavior, although 

distinguishing between them can be problematic. Sensitization and associative learning both 

result in a change in behavior towards a stimulus, though they are different processes. 

Sensitization is characterized by an increase in response to a stimulus after several exposures to 

that stimulus, regardless of whether or not it has been paired with a positive experience. In 

associative learning, however, a neutral stimulus is paired with a non-neutral stimulus, such 

that the neutral stimulus eventually causes a change in the animals’ reaction similar to that 

initially caused by the non-neutral stimulus (Papaj & Prokopy 1989). In the studies assessed in 

my analysis, I am explicitly assuming that associative learning is at work, although sensitization 

is seldom ruled out.  

While involved in host search, parasitoids rely on innate preferences as well as learnt 

behaviors. However, it is presently unclear which components of search are more liable to be 

fixed and which tend to be more plastic. Are innate visual preferences more resistant to 

experience than are olfactory preferences, or vice versa? Chemical cues are more persistently 

released than auditory, tactile, or visual cues, and are more traceable over large distances as 



 

well as when prey species are hidden. I speculate that chemical cues play a greater role in host-

finding than do visual ones, and that parasitoids are therefore better equipped to both detect 

and learn chemical cues. Nonetheless, there is evidence for visual learning in Diachasmimorpha 

longicaudata (Segura et al. 2007), and of combined visual and olfactory learning in Microplitis 

croceipes (Wackers and Lewis 1993). Research with Diachasmimorpha found that females were 

able to learn color but not shape. In Microplitis, it was found that multimodal learning was 

stronger than learning through either modality alone, and that when alone, olfactory cues were 

learned more readily than visual cues.  

It appears that learning can aid parasitoids in tasks other than host finding; in Microplitis 

croceipes, females learned to associate one odor with honey and the other with hosts, and their 

attraction to each odor was directly related to their motivational state (i.e. hungry females 

tended to choose the odor that had previously been paired with presence of honey, and 

satiated females tended to choose the odor that had previously been paired with presence of 

hosts). In Nasonia vitripennis, males were found to associate color with the presence of mates, 

but were unable to associate color with a honey reward (Baeder & King 2000). 

This variety in learning is exciting, though it presents those with an interest in 

comparative studies of learning with quite a conundrum;  namely that “It is quite likely that a 

given species may be good  at learning one sort of thing, and bad at another; and so to measure 

a generalized learning ability may be *…+ pointless ” (Stephens, 1993). 

 

Ecologicalaconsiderations  

Parasitoid species which are host specialists can vary drastically in terms of the number of 

habitat types in which those hosts are found, as is also true for species which are host 

generalists (Figure 4). Is learning ability in parasitoids related better to specialization at the level 

of host or specialization at the level of habitat?  



 

  

Figure 4. Schematic of tri-trophic interactions (After Vet& Van Dicke 1992) 

Interestingly, number of plants (whether measured by species, genera, or family) that a 

parasitoid may find its hosts on consistently emerges as a stronger indicator of learning index 

than number of insect hosts [Table 2]. This result hints that number of microhabitats yields 

more environmental uncertainty for parasitoids, and that this results in an associated increase 

in learning ability. Alternatively, microhabitat cues may simply be more useful signals, as they 

may be more conspicuous than host cues. Thus, degree of microhabitat specialization may be 

more influential for certain aspects of parasitoid behavior that host specialization, and suggests 

that tri-trophic interactions deserve greater scrutiny.  

What features of an environment favor the evolution of learning? Learning specifically is 

favored when the environment is unpredictable.  If the environment is completely predictable, 

fixed innate preferences or the presence of developmental switches can allow a species to 

appropriately respond to variation in resource distribution, and provide superior fitness. 

Conversely, there is no advantage to learning if the environment is completely unpredictable—

the information obtained must be somewhat relevant to future decisions for behavioral 

flexibility to be favored. In either hypothetical extreme, learning capability is not favored by 

natural selection. Thus, it is predicted that moderate levels of uncertainty in the environment 

favor the evolution of learning (Stephens 1993). The number of host species and microhabitats 

appropriate for a searcher is expected to present the searcher with a greater degree of 



 

unpredictability. Thus we expect that species with a greater number of available microhabitats 

or hosts will be selected for greater learning ability.   

 

 

Implications 

This study supports the hypothesis that degree of specialization is indeed an ultimate factor in a 

species’ learning. The ability to learn host-related cues could have accompanied the evolution 

of a generalist habit, or, as Bernays and Wcislo (1994) suggest, learning ability might have been 

lost when host specialization arose.  At this point, our phylogenetic analysis hints that number 

of plants a parasitoid species find its hosts on correlated with its learning ability.  

I additionally suggest that number of appropriate habitats influences cognitive abilities 

for a given species more so than number of host/prey/food item itself. There is no a priori 

reason to expect that either of these patterns do not apply in other organisms. Clearly, this is a 

hypothesis in need of empirical evidence, and it would be highly informative to examine if this 

relationship holds in other taxa, such as Ichneumonid wasps, non-parasitoid insects, or other 

phyla altogether. Ultimately, this may contribute to our understanding of why certain 

organisms learn more than others.   
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 Appendix 1. Data used in the analysis  

Genus Species 
# 
studies 

average 
Δe 

Host 
Families 

Host 
Genera  

Host 
species 

Host and 
Plant Species 
combinations 

Host and 
Plant Genera 
combinations 

Plant 
species 

Plant 
genera 

Plant 
families 

Cotesia  marginiventris 2 0.5 3 16 21 995 953 429 311 88 

 C. glomerata   0.249 2 3 5 230 167 152 106 31 

 C. vestalis  2 0.446 10 13 15 371 263 306 189 68 

 C. flavipes   -0.02 1 1 2 16 9 11 9 1 

 C. kariyai   0.23 1 2 2 37 37 34 34 14 

 C. rubecula   -0.016 1 2 2 94 57 72 40 6 

Microplitis croceipes 5 0.28 1 2 3 172 166 143 127 44 

Microplitis rufiventris 2 0.127 1 1 5 412 217 217 217 80 

Macrocentrus grandii   0.61 1 1 1 32 39 32 39 16 

Asobara rufescens   0.82   2 3           

A. tabida   0.48   2 6           

Praon  pequodorum   0.095   7 2           

Aphidius ervi 2 0.12   7 10           

A. pisivorus   0.169 1 1 1           

Biosteres arisanus   0.833   5 17           

Opius dissitus   0.26 1 1 1           

Binodoxys communis   0.052   2 2           

D. rapae   -0.069   15 24           

Lysiphlebus testaceipes   0.23   unknown unknown           

 

 

 

 



 

Appendix 2. Sources of information 

Genus Species Learning reference 
Phylogeny 
reference 

host 
reference habitat reference 

Cotesia  marginiventris  Tamo et al. 2006 
Michel-Salzat & 
Whitfield 2004 

Krombein et al 
1979 Natural History Museum 

 C. glomerata Geervliet 1998 
Michel-Salzat & 
Whitfield 2004 

Krombein et al 
1979 Natural History Museum 

 C. vestalis  Liu & Jiang 2003 
Michel-Salzat & 
Whitfield 2004 

Krombein et al 
1979 Natural History Museum 

 C. flavipes Potting et. al 1997, and Charleston et al. 2006 
Michel-Salzat & 
Whitfield 2004 

Krombein et al 
1979 Natural History Museum 

 C. kariyai Fujiwara, et al 2000 
Michel-Salzat & 
Whitfield 2004 

Krombein et al 
1979 Natural History Museum 

 C. rubecula Geervliet 1998 
Michel-Salzat & 
Whitfield 2004 

Krombein et al 
1979 Natural History Museum 

Microplitis croceipes 
zanen & cardé 1991, Eller et al. 1992, McCall et al. 1993, 
Rose et al 1997, Meiners et al. 2002, Meiners et. al 2003 Shi et al. 2005 

Krombein et al 
1979 Natural History Museum 

Microplitis rufiventris Tamo et al. 2006 Shi et al. 2005   Natural History Museum 

Asobara rufescens Vet & Van obzeeland, 1984 
Kambhampati et 
al. 2000 

Kraaijeveld et 
al 1994 Natural History Museum 

A. tabida Vet & Van obzeeland, 1984 
Kambhampati et 
al. 2000 

Van Alphen & 
Janssen 1981 Natural History Museum 

Praon  pequodorum Chow & MacKauer 1992 Shi et al. 2005 
Krombein et al 
1979 Natural History Museum 

Aphidius ervi Rodriguez et al 2002, and Chow & MacKauer 1992 Shi et al. 2005 
Krombein et al 
1979 Natural History Museum 

A. pisivorus Chow & MacKauer 1992 Shi et al. 2005 
Krombein et al 
1979 Natural History Museum 

Biosteres arisanus Dukas and Duan 2000 Shi et al. 2005 Altuzar 2004 Natural History Museum 

Opius dissitus Petitt et al 1992 Shi et al. 2005 
Krombein et al 
1979 Natural History Museum 

Binodoxys communis Whyckhuys et al. 2007 
Kambhampati et 
al. 2000 

Krombein et al 
1979 Natural History Museum 

Macrocentrus grandii Ding et al 1989 Shi et al. 2005 
Krombein et al 
1979 Natural History Museum 



 

 


