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Abstract 
A new and apparently mutualistic association between the ash-tree bolete 
mushroom Boletinellus merulioides and an aphid parasitic on ash roots has 
been discovered. When feeding on roots, the aphid (Meliarhizophagus fraxini­ 
folii), a specific parasite of ash leaves and roots, is enclosed by hollow storage 
structures (sclerotia) of the fungus. We suggest that in exchange for housing 
the aphid, the fungus receives nutrients excreted by the aphid in its honeydew. 
This relationship could explain the specific occurrence of Boletinellus under 
ash trees. An older hypothesis, that B. merulioides is an ectomycorrhizal 
symbiont of ash trees, should now be rejected. 
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The ash-tree bolete, Boleiinellus merulioides (Schweinitz) Murrill, is usu­ 
ally found fruiting under ash trees (Fraxinus spp.) in eastern North America 
(Singer, 1945; Snell and Dick, 1970; Cotter and Miller, 1985), resulting in 
the assumption that an ectomycorrhizal association occurs between these 
organisms (Singer, 1945; Trappe, 1962). Yet recent anatomical and physio­ 
logical studies have established that Frazinus is exclusively endomycorrhizal 
(Pope and Holt, 1981; Furlan et al., 1983; Ponder, 1984; Brundrett and 
Kendrick, 1988). Cotter and Bills (1985) found that B. merulioides pro­ 
duces characteristic hollow, black sclerotia, whose distribution in the soil 
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is highly correlated with the presence of Fraxinus roots and above-ground 
fructifications of Boletinellus ( Cotter and Bills, 1985). These characteristic 
sclerotia were common in the soil near B. merulioides basidiomata through­ 
out its geographical range. The ecology of this fungus has largely remained 
uninvestigated, although Cotter and Miller (1985) reported that it would 
not form either parasitic or mycorrhizal associations with ash trees under 
experimental conditions. 

Figure 1. Boletimllw muulioide, sclerotia attached to an ash root, sectioned to show aphids 
inside. Scale divisions in background are 1 mm apart. 

During the course of a field study (Brundrett and Kendrick, 1988), numer­ 
ous white ash (Fraxinus americana L.) root samples were examined in detail 
and all were found to contain endomycorrhizae of the vesicular-arbuscular 
type. However, basidiomata and characteristic sclerotia ( Cotter and Miller, 
1985) of B. merulioides were produced abundantly near ash trees at the 
study site. These hollow black sclerotia, 1-5 mm in diameter, were found 
partially enclosing ash roots, as well as in the surrounding soil. Hollow scle­ 
rotia attached to ash roots were found to contain several aphids covered in 
white wax (Fig. 1). The enclosed aphid was Meliarhizophagus fraxinifolii 
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(Riley) (Homoptera: = Prociphilus f raxinif olii). This aphid occurs only on 
Fraxinus, where it causes curling of the leaves, but also migrates to the roots 
(Smith, 1974), although its life-cycle has not been investigated in detail. 
In the present study, this aphid has been found feeding on ash roots from 
mid-summer until late fall, typically while enclosed in Boletinellus sclerotia. 
Ash tree roots in early stages of secondary growth are most often involved. 
Ash root aphids were occasionally found without sclerotial protection, or 
surrounded by wefts of hyphae which probably represented early stages in 
sclerotium formation. Mycelial strands were observed attached to sclerotia 
in mid-summer, at which time basidiomata of the fungus formed, the first 
aphids were observed in the soil, and ash tree root growth began. 

The thick, highly melanized walls of Boletinellus sclerotia clearly provide 
some protection to feeding aphids. The complete enclosure of honeydew se­ 
creting aphids suggests that the fungus in turn receives nutrition from hon­ 
eydew. Aphid honeydew contains simple sugars as well as smaller amounts 
of other nutrients including amino acids and minerals (Way, 1963), possibly 
in sufficient quantities to satisfy the nutritional requirements of the fungus. 
This unusual form of nutrition may explain why B. merulioides has the en­ 
ergy to fruit more abundantly than most other agarics of deciduous forests. 

A similar relationship involving the aphid, Mimeuria ulmiphila Del 
Guercio, feeding on the roots of a European elm tree ( Ulmus carpinifolia 
Gleditsch) has been reported (Krzywiec, 1962). In this latter association, 
identification of the fungus was difficult and it is probable that hyphae from 
several common saprophytic fungi combine to enclose the aphids and ex­ 
ploit their honeydew (Krzywiec, 1962). Other similar mutualistic fungus­ 
insect interactions include scale insects that are enclosed by members of the 
Septobasidiales (Couch, 1938), and insect galls of Solidago which are com­ 
prised partly of fungi that have been found to confer increased protection 
from parasites (Weiss, 1982). These interactions are functionally similar to 
the more common association of ants with aphids, in that food is being 
provided by the aphid in exchange for other services (Cutright, 1925; Way, 
1963). 
The specific occurrence of Boletinellus merulioides under ash trees may be 

explained by its apparent dependence on M. fraxinifolii, which occurs only on 
ash. This proposed mutualistic association provides an explanation for the 
success of B. merulioides. However, the possibility that either partner can 
exist separately has not been ruled out. We do not yet know how widespread 
this association is, although the fungal partner has been reported wherever 
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ash trees occur in mixed deciduous and deciduous-coniferous forests in east­ 
ern North America (Singer, 1945; Snell and Dick, 1970). The range of both 
the aphid, Meliarhizophagus fraxinifolii, (Smith, 1974) and its host trees, 
Frazinus spp., (Brockman, 1986) is larger than the range of B. merulioides. 
If the Boletinellus-aphid association is common in eastern North America 
the energy drain they jointly impose on Fraxinus may be a significant factor 
limiting the production of these important tree species. Field observations 
from other parts of North America are required to determine the extent of 
this association. Boletinellus merulioides should be removed from lists of 
ectomycorrhizal symbionts since we know that Fraxinus does not form this 
type of association. 
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