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Preface

The primary aim of this book is to provide a morphologically-based system for the identification of
the more common Aspergillus species. Several uncommon species are also included in order to
demonstrate the breadth of variability in the genus. The impetus for completing a working draft of the
book was a workshop on Aspergillus identification held in New Orleans in April, 2001. The workshop was
sponsored by the National Laboratory Training Network and the Texas Department of Health, Bureau of
Laboratories.

To write the species descriptions herein, new information was obtained by recording morphological
observations on approximately five isolates of each species. These data were then combined with
previously published information to create a comprehensive species description. The key was then written
based on the new species descriptions. The participants in the workshop made many helpful suggestions
on how to improve the descriptions and key. These have been incorporated into the book.

I would like to thank Shannon Brennan Beltz for her excellent technical assistance in preparing
cultures for observation, and for scanning the photos and preparing the photographic plates. Kanniah
Rajasekaran and Weste Osbrink were extremely patient in teaching me to use digital cameras. 1 thank
Bruce Ingber for providing the scanning electron micrographs. Steve Peterson (NRRL), John Pitt (FRR),
Robert Samson (CBS), Shung-Chang Jong (ATCC) have graciously provided cultures over the years. I am
very grateful to the participants in the 2001 Aspergillus Workshop who made many thoughtful suggestions
on how to improve the book.

Robert A. Samson at CBS played a critical role in the publication of this book. He suggested CBS
as a publisher, found good reviewers for the last draft of the manuscript, created the color plates, improved
the quality of the black & white plates and text formatting, and was on site to assure the color quality of the
color plates during printing. I am indebted to him for taking on all of these tasks.

In order to defray the some of the costs of publishing a book with so many photographic plates, four
organizations have sponsored this publication. These include: Aerobiology Laboratory Associates, Inc.,
Reston, Virginia USA; DSM (formerly Gist Brocades), Delft, the Netherlands; Environmental
Microbiology Laboratory, Inc. (EMLab), San Bruno CA & San Diego, CA, USA; and, the Fungal Research
Trust, London, UK. Their contributions have significantly reduced the cost of this book. Their generous
support is gratefully acknowledged.

Finally, I thank Ed and Gwen Mullaney for their patience.

Maren A. Klich March, 2002
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Identification of common Aspergillus species

Introduction

Economic and Medical Importance of Aspergillus

In 1729, when P. A. Micheli, a Florentine priest-mycologist, first described the genus Aspergillus, he gave
it that name because the spore-bearing structure characteristic of the genus resembled an aspergillum, a
device used by the Catholic church to sprinkle holy water. The resemblance was fortuitous since many of
the aspergilli have indeed been a blessing to humankind. However, members of the genus have also been a
curse, degrading agricultural products, producing toxic metabolites and causing disease. Several recent
books have addressed various aspects the economic and medical importance of Aspergillus (Bossche et al.,
1988; Bennett & Klich, 1992; Powell ef al., 1994; Smith, 1994).

Aspergilli are among the most abundant and widely distributed organisms on earth. To adapt to the
variety of niches they inhabit, they have evolved a myriad of metabolites. Some of these have been
exploited by humankind. Jong & Birmingham (1992) summarized 147 US patents involving Aspergillus
metabolites granted in the 20 years between 1971 and 1991. Many patents were filed before and since that
time.

A number of Aspergillus-related patents have been issued for medicinal compounds. Lovastatin,
produced by 4. terreus, was one of the first commercially successful cholesterol-lowering drugs (Lam,
1983). A number of antibiotic, antitumor and antifungal agents have been derived from Aspergillus
metabolites. For example, the experimental anti-Candida drug, Cilofungin, is a semi-synthetic drug,
derived from a chemical modification of echinocandin B, which is produced by Emericella
nidulans/rugulosa (Huang et al., 1990).

The greatest positive economic impact of the aspergilli has been in the exploitation of the enzymes
and acids produced a number of species. Two of the most important industrial products produced by
aspergilli are amylase and citric acid. The ‘koji molds’ (4. oryzae, A. sojae and A. awamori) have been
used for more than a thousand years to produce a number of Asian foods and beverages including sake and
soy sauce. Koji is a solid culture of a mold strain grown on steamed grain. The mold produces amylases
which break down the starches and contribute to the flavor and color of the product (Hara et al., 1992).
Alpha-amylase production from A. oryzae was first patented in the United States by Jokichi Takamine in
1894. This patent marked the beginning of the fungal biotechnology industry in the United States.
Microbial amylases are still used today to hydrolyze the starch in grains such as corn into sugars. This
market in the US has a value of more than $100 million per year (Berka et al., 1992). Citric acid, used to
impart a pleasant acid taste to foods and beverages, was originally produced by pressing citrus fruits. Citric
acid production by A. niger was discovered in 1916. By the mid-1920's over three quarters of the citric acid
used worldwide was produced by fungal fermentation. It is still used today to produce more than 500,000
tons per year (Roehr et al., 1992).

Unfortunately, the positive economic impact of aspergilli and their metabolites are more than
balanced by the negative aspects. Aspergilli are a major cause of degradation of agricultural products both
before and after harvest. Some species are human and animal pathogens, and a number of species are
allergenic. They also produce variety of mycotoxins which are secondary metabolites that are harmful to
humans and animals. Aspergilli are rarely directly pathogenic to plants in the field, although 4. flavus has
been reported as a seedling pathogen of peanuts, and 4. niger is the causal agent of a crown rot of peanut.
Their main impact on agriculture is in saprophytic degradation of products both before and after harvest
and in production of mycotoxins. Since members of the genus are more heat tolerant and xerophilic than
most other fungal genera, they are very common food and feed spoilage organisms. Virtually all of the
common aspergilli have been recovered at some time from agricultural products (Domsch et al., 1980; Pitt
& Hocking, 1997; Samson et al., 2000).
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Most human diseases caused by aspergilli (aspergilloses) are associated with immunosuppression.
They are frequently fatal. As the number of immunosuppressed people in the population has risen, so has
the importance of infection by Aspergillus. Aspergillus fumigatus is involved in about 90% of human
aspergilloses, followed by A. flavus, A. terreus, A. niger, A. nidulans and A. ochraceus. Less life-
threatening conditions such as non-invasive Aspergillus sinitus and Aspergillus-associated allergies are
regularly reported from apparently immunocompetent people (Bossche et al., 1988; Young, 1990; Dixon &
Walsh, 1992; Latge, 1999).

The same group of aspergilli that cause human mycoses also cause animal mycoses, with A.
fumigatus as the dominant etiological agent. Avian aspergillosis is usually respiratory, and once accounted
for 10% of all loses in broiler chicks. Improved sanitation at hatcheries has greatly reduced incidence of the
disease. Mycotic abortion in cattle is a major concern in the cattle industry, sometimes affecting up to 10%
of the pregnant cows in a herd (Pier & Richard, 1992).

Human illness caused by exposure to fungi in the indoor environment has become increasingly
important. Surveys of indoor environments almost always include aspergilli. Lists of the fungi most
commonly isolated indoors have been published (Samson et al., 2000; Samson et al., 2002). These include
many of the most common ‘outdoor’ aspergilli (eg. 4. niger, A. ochraceus, A. terreus, A. fumigatus, A.
flavus, etc.) as well as many more xerophilic species (eg. 4. restrictus, A. penicillioides, Eurotium
herbariorum, Eu. chevalieri, etc). People sometimes present symptoms not consistent with allergies. It is
assumed that the symptoms are a response to either mycotoxins or volatile organic compounds, but there is
not yet a strong body of scientific evidence supporting this hypothesis (Burge, 2001).

Mycotoxins are products of secondary metabolism, indicating that their production is not necessary
for the survival of the fungus. Unlike antibiotics which are toxic only to microorganisms, mycotoxins are
harmful to humans and/or animals. There is a tremendous literature on mycotoxins, so only a brief
overview of the major Aspergillus mycotoxins will be given here (some references: Richard & Thurston,
1986; Frisvad & Samson, 1991; Golinski, 1991; Smith & Henderson, 1991; Pier & Richard, 1992; Etzel,
2002). Many of these mycotoxins are produced by fungi other than Aspergillus, most notably Penicillium,
however, only the Aspergillus species considered in this book are listed. Aflatoxin is the most
economically important mycotoxin in the world. The most toxic form of aflatoxin is aflatoxin B,. Aflatoxin
is formed in oilseed crops (cottonseed, corn and peanuts) and tree nuts under drought conditions in the
field. It can form in virtually any stored grain that can support fungal growth (Diener et al., 1987). It is one
of the few fungal toxins regulated by the US Food and Drug Administration, and more is known about its
biology and biosynthesis than any other mycotoxin. The primary organ affected is the liver. Acute
aflatoxicosis results in liver necrosis, hemorrhage and often death. Lower levels lead to decreased growth
rates and impaired immune systems. Chronic exposure leads to liver cancer in animals, and aflatoxin is a
probable human carcinogen. (Species considered: A. flavus, A. parasiticus.) Sterigmatocystin is not
commonly reported in foods and feeds, however, it is a precursor in the aflatoxin biosynthetic pathway.
Like aflatoxin, it is hepatotoxic and carcinogenic. (Species considered: Emericella nidulans, Em.
quadrilineata, Em. rugulosa, A. versicolor.) Cyclopiazonic acid is frequently co-produced with aflatoxin
in the field. Major effects include liver necrosis, necrosis and other changes in kidney tubules, fatty acid
changes and death at high doses. (Species considered: 4. flavus, A. oryzae, A. tamarii.) Ochratoxin A
occurs predominantly in corn barley oats and wheat, in high latitude countries such as Canada and
Denmark, and in those areas, the fungi producing most of the toxin are penicillia. In the tropics, occurrence
is usually associated with A. ochraceus. It is teratogenic and carcinogenic with the kidney as the primary
target organ. In poultry, it also affects the central nervous system. Low dose symptoms in poultry include
reduced growth rate and egg production. It also reduces antibody-producing ability. In humans, ochratoxin
A has been implicated as the cause of Balkan endemic nephropathy. (Species considered: 4. alliaceus, A.
melleus, A. ochraceus, A. ostianus, A. sclerotiorum, A. niger, A. carbonarius.) Patulin is produced by a
number of fungi. In foods it is generally associated with apples and apple juice where it is usually formed
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by penicillia. Major effects in humans include gastritis and nausea. It causes pulmonary and cerebral edema
in laboratory animals. (Species considered: A. clavatus, A. terreus.) Citrinin is nephrotoxic and
teratogenic. Its natural occurrence is not well documented. (Species considered: A. carneus, A. terreus.)
Penicillic acid is associated with stored grains and foods. Effects of this toxin include liver, kidney and
thyroid necrosis. It is also carcinogenic. (Species considered: A. ochraceus, A. melleus, A. ostianus, A.
sclerotiorum.) Cytochalasin E prevents cell division, is teratogenic, inhibits thyroid function and amylase
secretion. No natural outbreaks have been reported. (Species considered: 4. clavatus.) Verruculogen and
Fumitremorgin A and B are tremorgenic, but only the fumitremorgans have been associated with natural
outbreaks (Species considered: Neosartorya fischeri, A. fumigatus.) 3-nitropropionic acid has been
implicated in fatal food poisoning of humans and is toxic to mice. (Species considered: A. flavus, A.
oryzae.) Gliotoxin interferes with macrophage function and blood formation. There is some evidence that
gliotoxin may be a virulence factor for A. fumigatus mycoses. (Species considered: A. fumigatus, A.
terreus.) Xanthomegnin, viomellein and vioxanthin are nephrotoxins that have been isolated from wheat
barley and rapeseed oil. (Species considered: A. ochraceus, A. melleus.) Citreoviridin occurs in corn and
other feeds. It is a neurotoxin causing ascending paralysis, residual lameness and muscular atrophy. This
toxin is the cause of acute cardiac beriberi in humans, a disease causing death within a few days. (Species
considered: 4. terreus.) Austamide, austidiol, austins and austocystins are a group of mutagenic and/or
toxigenic mycotoxins produced by only one species, A. ustus.

Systematics

Aspergillus is a genus of anamorphic fungi reproducing by production of phialospores (conidia borne on
phialides). It is a large genus with over 180 recognized species (Pitt ez al., 2000). Many of these species are
quite rare. Others are among the most common fungi on earth. Aspergillus is characterized by its distinctive
conidiophore (Fig. 1). The base of the conidiophore usually forms a ‘T’ or ‘L’ shape where it connects with
the vegetative hyphae. This is commonly called the ‘foot cell’ even though it is not a separate cell. The
stipe extends from the foot cell and may be quite short (50 pm or less) to several millimeters in length. The
apex of the stipe expands into a vesicle. Vesicles may have various characteristic shapes (Fig. 2). In some
species, the conidia-bearing phialides arise directly from the vesicle. This form is called uniseriate. In other
species, there is a second layer of cells between the vesicle and the phialides. These cells are called metulae
and aspergilli with metulae are referred to as biseriate species. An important character that distinguishes
Aspergillus from several closely related genera is that the phialides/metulae arise simultaneously on the
vesicle.

Some species that produce Aspergillus anamorphs also produce a sexual state. By definition,
Aspergillus is an asexual (anamorphic) genus. The sexual states belong to eight or more teleomorphic
genera. Some would argue that once a teleomorphic state is found, the anamorphic name should no longer
be used. This is not practical with a large genus like Aspergillus with so many economically important
species. So, currently, those species with teleomorphic states have two legal names, and the Aspergillus
name should only be used when referring to the asexual, anamorphic state. In this book, I have used the
teleomorph name if that state is usually present with the anamorph. If the teleomorph state is known, but
rarely seen, I have used the anamorph name.

In naming fungi, mycologists have followed the International Code of Botanical Nomenclature
(Greuter et al., 1994). If all of the rules of nomenclature are not followed, a proposed new species name is
not acceptable. One of the rules has been that a typical sample of the new species must be dried and
deposited in an herbarium. The dried sample is called a type specimen. This works well for vascular plants.
For a variety of very good reasons, early Aspergillus taxonomists did not always designate type material. In
order to keep the old names, other taxonomists have designated type material (neotypes) for virtually all of
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the species of Aspergillus (see Samson & Gams, 1985). Another rule is that of priority. If two people
unknowingly describe the same species, the name published first has priority and is the correct name. This
has been a problem for several common species of Aspergillus including common species names like 4.
niger and A. ochraceus. To preserve these names, special approval must be acquired. A final type of
nomenclatorial problem in Aspergillus is the rule that one cannot describe a teleomorph in an anamorphic
genus. Many of the older species descriptions of aspergilli contained information on the teleomorph (e.g.,
Thom & Church, 1926; Thom & Raper, 1945; Raper & Fennell, 1965). That made the names illegal, so the
anamorph name had to be changed. Examples of this in this may be seen in the descriptions of most
teleomorphic species in this book.

To deal with the numerous species in the genus, early researchers divided them into groups or series
based on conidial color, vesicle size and shape, presence of a teleomorphic state, etc. The groups were
formally changed to subgenera and sections by Gams ef al. (1985) in order to fit the Botanical Code. The
following is a brief summary of the current scheme. Placement of some species and the existence of some
of these groups have been questioned (Kozakiewicz, 1989; Samson & Frisvad, 1991; Peterson, 2000).
Appendix 1 lists the species considered in this book according to their subgeneric classification.

Subgenus Aspergillus - uniseriate, xerophilic, growth on CY20S>CYA25, grey green conidia
Section Aspergillus - teleomorph Eurotium - yellow cleistothecia with wall made up of a single layer of
polygonal pseudoparenchymatous cells, hyaline ascospores
Section Restricti - strictly anamorphic, slow growth on all media
Subgenus Fumigati - uniseriate, vesicles predominantly pyriform, conidia grey green, blue green to orange
Section Fumigati - conidia grey green to blue green
Section Cervini- conidia light orange to orange-grey
Subgenus Ornati- uniseriate, conidia grey-green, yellow-green or olive brown.
Subgenus Clavati - uniseriate, vesicles predominantly clavate, conidia grey-green
Section Clavati - as for subgenus
Subgenus Nidulantes - biseriate, conidial colors variable
Section Nidulantes - stipes short often brown, conidia green, Hiille cells often present, most species with
Emericella teleomorph. Cleistothecia soft-walled, surrounded by Hiille cells, ascospores red to
purple.
Section Versicolores - stipes hyaline to brown, conidia green, grey green or blue green
Section Usti - stipes brown, conidia dull red, brown or olive
Section Terrei - stipes hyaline, conidia buff to orange-brown.
Section Flavipedes - stipes hyaline to pale brown, conidia white to buff
Subgenus Circumdati - uniseriate or biseriate, vesicles spherical to pyriform.
Section Wentii - conidia buff, yellow brown or olive brown
Section Flavi - conidia yellow green to olive brown
Section Nigri - stipes smooth-walled, conidia black or near black
Section Circumdati - predominantly biseriate, conidia yellow, buff or ochraceus
Section Candidi - conidia white or nearly white
Section Cremei - conidia brown, yellow or blue-green
Section Sparsi - conidia pale grey to olive buff
Subgenus Stilbothamnium - species forming synnemata (none considered in this book)
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Morphological Features of Importance for Identification

Macromorphology - features observed with the naked eye or stereo microscope.
Conidial color - The color of the conidial heads. Aspergilli come in almost every color. This is a major
feature for subgeneric classification.
Colony diameter - The diameter of the colony after a certain growth period. In this book, I use a 7-day
growth period, with Petri plates inoculated at three points. The maximum diameter of each of the three
colonies is measured by holding the plate up to the light so that all of the new (sometimes very thin)
growth may be measured. Colony diameter in many species is strongly influenced by media content and
temperature.
Mycelial color - Mycelia are the strands of vegetative cells that give rise to the conidiophores. It is
usually white, but some species produce distinctively colored mycelia.
Exudate - Droplets of liquid that form on the surface of the mycelium.
Reverse color - The color observed under the colonies by looking at the agar side of the plate. Color is
often media dependent.
Soluble pigment - The pigment that diffuses into the agar beyond the margin of the colony.
Sclerotia - Firm masses of hyphae, usually spherical, subspherical or ellipsoidal which contain no
spores.
Cleistothecia - These are ascomata (fruit-bodies) with no natural openings, containing asci and
ascospores.

Micromorphology - features seen through a compound light microscope. (Fig. 1)
Seriation - This term refers to the series of cell layers between the vesicle wall and the conidia,
uniseriate species have only phialides, biseriate species have phialides and metulae.
Vesicle - The swollen apex of the conidiophore stipe. The shape (Fig. 2) and size of the vesicle is an
important feature of some taxa.
Conidia - The shape, size and surface texture are determinative features.
Stipe - Length, color and surface texture of the stipe are important.
Hiille Cells - Thick-walled, highly refractive cells associated with some species (Figs. 37, 38, 40),
associated with the cleistothecia of some species.
Cleistothecial wall - the shape and texture of the cells making up the cleistothecial wall are major
features determining teleomorph genera.
Ascospores - color, size, ornamentation of the ascospores, including flanges or grooves encircling the
ascospore and surface texture of the convex wall.

Learning to Recognize Morphological Features

The easiest way to learn to recognize the important features of any genus is to attend a workshop or class
and learn directly from someone already familiar with the genus. Since this is not always possible, the
International Commission on Penicillium and Aspergillus (ICPA - a commission of the International Union
of Microbiological Societies) has created a set of cultures which demonstrate the major characteristics of
Aspergillus. The booklet “Aspergillus Reference Cultures” is available online on the ICPA website
www.cbs.knaw.nl/ICPA/ICPA.HTM The isolates needed in order to use the booklet are listed therein and
are available from major culture collections.
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phialides
metulae
vesicles

stipes

a | - foot cells \
7

Fig 1. Conidiophores of a. A. clavatus (uniseriate) and b. A. flavus (biseriate).

eyl

Fig 2. Some common vesicle shapes a) globose or spherical; b) pyriform; ¢) spathulate; d) clavate.

Media and Incubation

This book contains morphological data on colonies grown on four media, with one medium incubated at
two temperatures. Only the first three are used in the keys. The last, CZ, is an ‘old standard’ still used by

many labs, and is included to provide morphological data for that medium at seven days incubation. The
media are as follows:

CYAZ2S - Czapek Yeast Extract Agar incubated for seven days at 25 C (Pitt, 1973);

CYA37 - Czapek Yeast Extract Agar incubated for seven days at 37 C (Pitt, 1973);

CY20S - Czapek Yeast Extract Agar with 20% sucrose incubated for seven days at 25 C (Pitt & Hocking,
1985);

MEA - Malt Extract Agar incubated for seven days at 25 C (Blakeslee, 1915);

CZ - Czapek Dox solution agar incubated for seven days at 25 C (Dox, 1910).

Note, trace metals Zn and Cu (Smith, 1949) have been added to all of the Czapek-based media.
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Media formulae:

Czapek Concentrate Czapek Yeast Agar (CYA25, CYA37)
(with trace metals) K,HPO, 1.0g
NaNO; 300¢g Czapek Concentrate 10.0 ml
KCl 50g Powdered Yeast Extract 50g
MgSO0,4.7H,0 50¢g Sucrose 300¢g
FeSO4.7H,0 0.1g Agar 150¢g
ZnS04.7H,0O 0.1g Distilled Water 1.01
CuS04.5H,0 0.05¢

Distilled Water 100 ml

Czapek Yeast Agar with Malt Extract Agar (MEA)

20% Sucrose (CY20S) Powdered Malt Extract 200 ¢g
K>;HPO4 10g Peptone 1.0g
Czapek Concentrate 10.0 ml Glucose 200¢g
Powdered Yeast Extract 5.0 g Agar 20.0¢g
Sucrose 200.0 g Distilled Water 1.01
Agar 150¢g

Distilled Water 1.0 1

Czapek Dox Agar (CZ)

Czapek Concentrate  10.0 ml

Sucrose 300¢g

Agar 175¢g

Distilled Water 1.01

These media should be sterilized by autoclaving at 121° C for 15 min. Distilled water is recommended, but
not essential, because none of the media is fully defined. Chemicals should be of analytical grade where
possible; however, table grade sucrose (free from sulphur dioxide), commercial malt extract,
bacteriological peptone, and U.S.P. grade agar are acceptable. Agar strengths vary and may need to be
adjusted. Twenty-five ml of media should be poured into standard (100 mm) Petri dishes. The volume is
important since media depth or head space differences can lead to morphological changes (Okuda et al.,
2000).

For each culture, four plates are used, two of CYA, and one of each of CY20S and MEA. Each
plate is inoculated at three points, equidistant from the center and incubated in the dark for seven days.
One CYA plate is incubated at 37 C. The rest are incubated at 25 C. Ordinary laboratory thermometers can
be extremely variable at the 37 C range. It is suggested that the incubator temperature be checked with a
medical thermometer, as these tend to be very accurate in this temperature range.

In order to prevent stray colonies on the plates, it is suggested that the inoculations be made from a
spore suspension. [ use a medium consisting of 0.2% agar and 0.05 % Tween 80 (Pitt & Hocking, 1997).
One ml aliquots are pipetted into small glass vials and sterilized. Conidia from a 7-14 day old agar slant are
mixed into the medium. Then 2 pl aliquots are placed on each of three equidistant points on the agar plate
using a micropipetor.
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Fig. 3. Seven day old colonies on media indicated: a. A. candidus (CZ); b. A. ustus (CZ); c. A. paradoxus (CBS-MEA 2%); d. Sclerocleista
ornata (CZ); e. A. melleus (CBS-MEA 2%); . A. ostianus (CZ); g. A. terreus (CZ); h. A. cervinus (CBS-MEA 2%); i. A. wentii (CZ); j. A.
favus (CZ); k. A. parasiticus (CZ); 1. A. oryzae (CBS-MEA2%). CBS-MEA 2% = 200 ml of malt extract diluted with water to 10% sugar
contentt+ 800 ml water + 15 g agar (Samson ef al., 2000). Photos courtesy of Robert Samson, CBS.
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Fig 4. Seven day old colonies on media indicated: a. A. sojae (CBS-MEA2 %); b. Emericella nidulans (CZ); c. A. versicolor
(CZ); d. A. unguis (CBS-MEA 2%); e. 4. clavatus (CZ); f. A. fumigatus (CZ); g. A. japonicus (CBS-MEA 2%); h. A. foetidus
(CZ); 1. A. niger (CBS-MEA 2%); j. A. awamori (CZ); k. A. carbonarius (CZ); 1. A. carbonarius (CBS-MEA 2%). CBS-MEA
2% =200 ml of malt extract diluted with water to 10% sugar content+ 800 ml water + 15 g agar (Samson et al., 2000). Photos
courtesy of Robert Samson, CBS.
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Using this Book

The species descriptions are alphabetical by species name. The teleomorphic genus name is used if the
teleomorph is the form usually observed. So, for instance, [ use Emericella nidulans rather than Aspergillus
nidulans because the teleomorphic state is usually present in culture. However, I use Aspergillus flavipes
rather than the teleomorphic name Fennellia flavipes, because the Fennellia state is not normally observed
in culture.

All measurements are taken after seven days incubation. Colony diameters of 70 mm indicate that
the colonies fill the Petri dish. Measurements are reported in an (a) b-c (d) format where ‘a’ is the
minimum observed measurement, ‘b-c’ represents the range observed for most isolates, and ‘d’ the
maximum observed measurement. Colony colors were determined using the Methuen Handbook of Colour
(Kornerup & Wanscher, 1978). Plates 3-5 demonstrate the colors of many of the aspergilli included in this
book. For microscopic observations, MEA was used unless otherwise noted.

On the page opposite each species description are photos of the colonies, conidial heads, conidia
and other distinctive features. The scanning electron micrographs (SEMs) are included in order to give a
more three dimensional view of the conidia than can be photographed through a light microscope. It should
be noted that conidia often shrink in the SEM preparation, so sizes and exact conidial wall textures may not
be as seen in these photos.

Hints for Making Observations and Using the Key

Before using the key, take a few minutes to look carefully at a number of conidia, conidial heads and other
structures. Make mounts from at least two media as there is some variability on the different media.
Mounting media with stains may affect characters such as stipe color. Using a clear mounting medium
(e.g., Pohl, 1954) avoids this problem. Some mounting media affect conidial diameters. Avoid using these.
Also, when making mounts take some material from the center of the colony (for mature conidia, etc.) as
well as from the margin area where color is just starting to show (for young conidiophores). Look at both
before starting to use the key. Appendix 2 provides a data sheet for tabulating morphological characteristics
of an isolate.

Ifit is difficult to determine if an isolate is uniseriate or biseriate, gently crush the conidiophores by
pressing on the cover glass with a blunt object. In the biseriate species, the metulae and phialides will often
stay together, and can easily be seen (Figs. 12, 28, 33). Some species are variable in seriation. Choose the
form that appears to be dominant. The key is written so that most of the variable species will key out either
way.

The terms rough, finely rough and smooth are admittedly qualitative. For the aspergilli, generally,
rough walled spores will appear rough even at 40X magnification. Finely roughened spores will be spiny or
irregular under oil immersion. Smooth spores will appear smooth under oil immersion.

ALWAYS read the species description to be sure that your identification is correct. If your isolate
doesn’t match the species description reasonably well, it may be one of the less common species, or even a
new species. Check the references in the species description.

If an isolate doesn’t sporulate or sporulates poorly, there are several methods available that help
induce sporulation. Try placing the plates in indirect light for a few days. Several Aspergillus species are
light sensitive and sporulate poorly in the dark. Another method that works for some isolates is to grow
them on agar slants for several weeks. Medical isolates often sporulate more readily after they have been
transferred several times

10
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Fig. 5. Reverse of seven day old colonies on media indicated: a. . wentii (CZ); b. Neosartorya fischeri (CZ); c. A. clavatus
(CBS-MEA 2%); d. A. fumigatus (CZ); e. A. ochraceus (CZ); f. A. carbonarius (CZ); g. A. foetidus (CZ); h. A. ustus (CBS-MEA
2%); 1. A. sydowii (CZ); j. Emericella nidulans (CZ); k. A. japonicus (CZ); 1. A. versicolor (CZ). CBS-MEA 2% =200 ml of

malt extract diluted with water to 10% sugar content+ 800 ml water + 15 g agar (Samson et al., 2000). Photos courtesy of Robert
Samson, CBS.
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Identification Key

IMPORTANT:

Colony diameters are from 7 day old cultures

*indicates that there are related species that should be considered. These are discussed at the bottom of
the species description

1. Predominantly DiSETIate .........c..cccueecuieriieiiieniieiieeieesiee et e e sveevaeeaaeens 2
1. Predominantly UNISETIAtE ..........cceeeeiuieeeiiiieeiieeeiee et 43
2 (1) Colony diameter greater than 45 mm on CYA2S5 and/or MEA .............. 3
2 (1) Colony diameter less than 45 mm on CYA25 and MEA .........ccccoeeee. 22
3 (2) Conidia in shades of green to blue-green on CYA2S5.......cocevveveriennnnne 4
3 (2) Conidia not green on CYA2S5.....ooiiiiiiiiiieieeie et 11

4 (3) Largest vesicles less than 20 um wide, stipes becoming brown in age .. 5
4 (3) Largest vesicles greater than 25 pm wide, stipes remaining uncolored.. 7

5 (4) Colony diameter less than 35 mm on CYA37, cleistothecia absent ....... A. caespitosus
5 (4) Colony diameter greater than 50 mm on CYAZ37, cleistothecia present. 6

6 (5, 28) Ascospores with 2 thin longitudinal flanges ...........ccccccueevierieenennne. Emericella nidulans
6 (5, 28) Ascospores with 4 longitudinal flanges, 2 quite small...................... Emericella quadrilineata
7 (4, 50) Conidial walls smooth to finely roughened............c.cccoceenirininnnenn 8
7 (4, 50) Conidial walls coarsely roughened ............cccccveviieiieniienienieeene, 9
8 (7) Conidia usually greyish yellow to olive brown in age on CY A25, conidial
diameter 4-8.5 LM.....ccc.oiiiiiiieeie ettt A. oryzae
8 (7) Conidia remaining olive green to parrot green in age on CYA25, conidial
AIAMELET 36 [UM...eouiiiieiieiiieeiieeie ettt et be e e be e e ennee e A. flavus*

9 (7) Conidia usually 3-6 um in diameter, colonies remaining in deep olive

or green shades on CYA25 iN Q8C ...ovuvvevveeeiieniieeiieciieeieeeee et A. parasiticus
9 (7) Conidia usually 5-8 um in diameter, colonies usually bronze to brown

N AZE ON CY A2S ettt e e e e e e eaaeeeaeees 10
10 (9) Conidial heads predominantly uniseriate, conidia not ornamented with

dark-colored tUDETCIES .......cccueerviiiiiiiieeiieeie e A. sojae
10 (9) Conidial heads variable, uniseriate and biseriate both usually present,

conidia ornamented with dark-colored tubercles. ..........ccccceevvveevieennnenn. A. tamarii*
11 (3) Conidia in black, dark brown or bronze colors..........cccccecvevvenueeiennnene. 12
11 (3) Conidia in cinnamon, buff or yellow colors..........ccccueevvieerciviinciieennnn. 16

12
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12 (11) Maximum conidial diameter less than or equal to 6 um.................... 13
12 (11) Maximum conidial diameter 7 pm or greater............ccceeceeveveerueeeneenne 15
13 (12) Conidia rough Walled ............ccceeeiieriiiiiieiieciieceeee e A. niger *
13 (12) Conidia with smooth to finely roughened walls..........c.cccccvvrrerennnnenn. 14
14 (13) Colony diameter on CYA37 65-70 mm, mycelia on CY20S uncolored

t0 PALE YEIIOW ..ot e A. awamori
14 (13) Colony diameter on CY A37 predominantly less than 65 mm, mycelia

on CY20S often distinctly YEIIOW .......cccooviriiniiiiniiniiicieeicnecce A. foetidus
15 (12) Colonies less than 30 mm on CYA37, conidial areas black ............... A. carbonarius
15 (12) Colonies greater than 40 mm on CYA 37, conidial areas olive to

DIONZE ..ttt ettt st ettt ettt et e e A. tamarii*
16 (11, 34) Conidia 4-6 [m 1ONG........cceeviiieiieiiieiieeieeree e ens A. ostianus
16 (11, 34) Conidia predominantly 3.5 um or less in length .............cc.c......... 17
17 (16) Conidial heads compactly columnar, conidia in camel to cinnamon

colors, colony diameters on CYA37 predominantly 55-70 mm............. A. terreus
17 (16) Conidial heads radiate when young, conidia in yellow to ochraceus

colors, colony diameter on CYA37 usually less than 55 mm. ............... 18
18 (17) Stipe walls SMOOth .......ccueeiiiiiiieiieieeie e A. alliaceus
18 (17) Stipe walls rough to warted...........cceeeeuiieriiieeieece e 19
19 (18) Mature conidia YelloW..........cccueerieeiiieniieiiecie e 20
19 (18) Mature conidia ochraceus, cream or buff.............ccccoeeiiriiiniiiciiennn, 21
20 (19) Colonies on CYA25 dominated by yellow to orange sclerotia........... A. auricomus
20 (19) Sclerotia, when present, white to buff in color ...........coeeveeriieiiennnn. A. sclerotiorum

21 (19) Sclerotia, when present, dull pink to purple, longest stipes

generally greater than 1000 um on MEA ... A. ochraceus
21 (19) Sclerotia abundant, small, yellow becoming brown in age,

longest stipes generally less than 800 pm on MEA ............ccceevvennnne. A. melleus
22 (2) Conidia predominantly greater than 4 um in length...........c..ccccceeeenee. 23
22 (2) Conidia predominantly 4 um or less in length ...........ccccoeveeiiienienin. 26
23 (22) Vesicles predominantly less than 20 um in diameter and conidial

areas grey green to dark reen........ooovveieeiiieiieiiieieeee e A. caespitosus
23 (22) Vesicles predominantly greater than 20 pm in diameter, conidia

VATIADIE ... 24

13
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24 (23) Conidia dark brown to black, colonies greater than 45 mm on

L 72 N USRS A. foetidus
24 (23) Conidia yellow, buff or green, colonies less than 35 mm
ON CY A3 i 25

25 (24) Conidia yellow to buff, colony diameter 38-50 mm on CYA25......... A. ostianus
25 (24) Conidia sparse, blue-green in color, colony diameter 10-25 mm

ONL CY A2S ettt ettt e st s e et eeesaaee s Chaetosartorya cremea
25 (24) Conidia bronze or olive brown, colony diameter 25-35 mm on
CY A2 et A. wentii
26 (22) Conidia in green to blue-green colors on CYA25.......ccoocvveviveiiiennnne 27
26 (22) Conidia in other colors on CYA25......ccieiiiiiiiiiiieieeieeeeeee e 34
27 (26) Growth on CYA37 greater than 50 mm, cleistothecia present,
surrounded by Hiille CellS........cooviiiniiiiiiiiiiiieiece e, 28
27 (26) Growth on CYA37 less than 50 mm, cleistothecia, if present,
not surrounded by Hiille cells..........coouiiiiiiiiiiiiciieceeee e 29
28 (27) Colonies on CYA25 less than 35 mm .......cceeeevvieeiieeecieceiieeeeeeen Emericella rugulosa
28 (27) Colonies on CYA25 greater than 35 mm .........ccceevieviieieencieenieeine gobackto 6
29 (27) Vesicles predominantly greater than 20 um in diameter..................... 30
29 (27) Vesicles predominantly less than 20 um in diameter.......................... 31

30 (29) Colonies on CY20S greater than 50 mm in diameter, conidia on

MEA olive to orange-yellow .........cceceeriieiiiniieienieeeee e A. wentii
30 (29) Colonies on CY20S less than 40 mm, conidia on MEA cream to
DULT e es A. sparsus
31 (29) Sterile thick-walled hyphae rising above the conidial heads............... A. unguis
31 (29) Sterile thick-walled hyphae absent............cccceeevienieniiienieeiieieeee 32
32 (31) Colony diameter on CY20S and CYA25 greater than 35 mm............ A. caespitosus
32 (31) Colony diameter on CY20S and CYA2S5 less than 35 mm................. 33
33 (32) Colonies grey-blue to blue-grey, conidia rough-walled...................... A. sydowii
33 (32) Colonies dull green to grey green, conidia smooth to finely
TOUZNENEA ... A. versicolor*

34 (26) Conidia yellow to ochraceus in color AND colonies greater than 40

mm on CY20S and less than 40 mm on CYA37.....ccccvvveviieecieeeieene, go back to 16
34 (26) Conidial color and colony diameters not as above.............cceceeeueeeee. 35
35 (34) Vesicles predominantly greater than 20 um in diameter..................... 36
35 (34) Vesicles predominantly less than 20 pm in diameter.......................... 37

14
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36 (35) Conidia white to pale YelloW........cccveeiieiiiiiiieiecieeeeceee e A. candidus
36 (35) Conidia buff, tan or 0liVe .......ccceeeeciieeiieeieeee e go back to 30
37 (35) Colony diameters 55-70 mm on CY A37 and CY20S, conidial

heads compactly COIUMNAL ..........cccoeevvieriieiieeiieece e A. terreus
37 (35) Colony diameters less than 55 mm on CYA37 and CY20S, conidial

heads not compactly columnar ............cccceevieniiiiiiniieee e 38
38 (37) Conidia on CY A25 white to pale yellow .........cceevvveviieniienienirenenne, 39
38 (37) Conidia on CYA2S, pink buff or tan.........ccceeevveveieencieecieeeee e, 40
39 (38, 45) Vesicles predominantly greater than 15 pm, metulae covering

the entire surface of the vesicle .........ccovieviiiiiniiniiiieeeee A. candidus
39 (38, 45) Vesicles predominantly less than 15 um, metulae covering

the upper one to two thirds of the vesicle..........coccoveiiiiiiiiiiniiiie, A. niveus

40 (38) Conidia smooth-walled, conidia pink to tan on MEA or CY20S........ 41
40 (38) Conidia finely to coarsely roughened, conidia green, brown

or olive on MEA or CY20S ...t 42
41 (40) Conidia dull pink on CYA25 or MEA ......c.cooviiiiiiieeieeeeeee e A. carneus
41 (40) Conidia dull brownish-orange on CYA25 or MEA ........ccoovevvvveneen. A. flavipes
42 (40) Overall color on CYA25 pale orange/pink to tan, conidia usually

finely roughened...........coooviiviieiiiiieeee e A. puniceus
42 (40) Overall color on CYA25 pale brown to grey brown, conidia

rough-walled, SPINY .......ooiiiiiiiiiiiee e A. ustus
43 (1) Conidia on CY A25 black, white, tan, yellow or pink............cc.ccueennnnne 44
43 (1) Conidia on CYAZ25 in shades of green, olive or turquoise.................... 47
44 (43) Conidia on CYA2S5 very dark brown to black, rough-walled ............. A. japonicus™
44 (43) Conidia not black/brown on CYA25, smooth-walled......................... 45

45 (44) Conidia white to off-white on CYA25, colonies on MEA less than

40 MM 1N AIAMETET ....eeeivieiieeiieiie ettt go back to 39
45 (44) Conidia cream to yellow on CYA25, colonies 65-70 mm on MEA ... 4. alliaceus
45 (44) Conidia pale orange to pink on CYA25, colonies 40-65 mm on

IMEA .ottt et e e e sneenteennens 46

46 (45) Growth on CY20S predominantly 5-10 mm, longest stipes greater

than 450 LM ...oo.viiiieeceeee e e A. kanagawaensis
46 (45) Growth on CY20S predominantly 10-19 mm, longest stipes less than

450 LUTL ..ttt ettt et e et e st e st eesbeeenans A. cervinus
47 (43) Colony diameter on MEA greater than 30 mm...........ccceceevveevveeennenn. 48
47 (43) Colony diameter on MEA less than 30 mm ............ccocceeviiiiniiiennn, 53
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48 (47) No growth 0N CY A37 ..ottt 49
48 (47) Growth 0N CY A37 .ottt 50
49 (48) Reverse and soluble pigment generally bright yellow on CYA2S5,
conidial walls smooth to finely roughened.............cccoeveviiiiiiininennen. A. paradoxus
49 (48) Reverse uncolored to dull yellow, soluble pigment absent on CYA25
conidial walls very rough ...........ccccooriiiiiiiiii e Sclerocleista ornata
50 (48) Conidia yellow green, olive to bronze ..........ccceeeeuveeecveeeeciieencieeeeiieens go back to 7
50 (48) Conidia grey green to blue green .........ccoceevueveeneenieriieneenienieneeneenne. 51
51 (50) Conidial heads predominantly clavate, colonies on CYA37 less than
30 MM 1N AIAMELET ......eeiniiiiiieeiie e A. clavatus*
51 (50) Conidial heads predominantly pyriform to spathulate, colonies on
CYA37 greater than 55 mm in diameter ..........cocceeevveeiienieeniienieeieene, 52
52 (51) Cleistothecia PreSENLt ..........ceecueeeeciiieriiieeeieeeeieeeeieeesreeesaeeesaeeesreeenns Neosartorya fischeri*
52 (51) Cleistothecia abSent.........cceeuerieririiiniiniieieneeneeeee e A. fumigatus
53 (47) Cleistothecia abSENnt.........ccueeeuieeiiierieeiieeie ettt 54
53 (47) CleiStothecia PreSENL ..........eeecueeerciiieeiieeeieeeeieeeerteeereeesveeesreeeevee e 55

54 (53) Colony diameter 8 mm or less on CYA25 and less than 12 mm

on CY20S, phialides covering more than half the vesicle, conidia

DOTNE @S CLIIPSES..ccueviiiiiieeiiie et A. penicillioides
54 (53) Colony diameter predominantly greater than 8 mm on CYA2S5,

and greater than 15 mm on CY20S, phialides restricted to the

upper third of the vesicle, conidia borne as cylinders...........c..ccceeeueee. A. restrictus
55 (53) Ascospores rough-walled ..........ccoooiiiiiiiiiiiiii e Eurotium amstelodami
55 (53) Ascospores smooth-walled...........cccoeviiiiiiiiiiniiiiieeeee e 56
56 (55) Ascospores with two distinct flanges..........ccceeeveiieeicieeecciieeciieeiees Eurotium chevalieri
56 (55) Ascospores without flanges..........ccceeeueeriieiieiiienierie e Eurotium herbariorum*
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Aspergillus alliaceus Thom & Church — Fig. 6.

The Aspergilli: 163. 1926. Neotype TRTC 46232.
Teleomorph: Petromyces alliaceus Malloch & Cain Canad. J. Bot. 50: 2623. 1972. Holotype TRTC 46323.

Subgenus: Circumdati Section: Flavi

Colony Diameters at 7 days incubation, in mm: CYA25 (55) 68-70; MEA 65-70; CY20S 65-70; CYA37
(36) 40-55; CZ (42) 65-70.

Colony Colors and Textures. On CYA colonies frequently lightly sporulating; conidia cream (4A3) to
yellow (4A6) or yellow ocher (4-5 B3-8); mycelium white floccose; sclerotia/stromata initially white
becoming dark grey to black; reverse in drab tan to pale yellow or yellowish brown colors; colonies
floccose, deep, sporulating irregularly. Colonies on MEA sparsely sporulating in light yellow-gold col-
ors (4A-B3-4); mycelium white, dense or sparse; sclerotia/stromata white, becoming dark grey; reverse
pale yellow to bright yellow; colony texture generally floccose, with mycelium variable in density
Colonies on CY20S similar to those on CYA2S in appearance except the conidial colors tend to be in
deeper gold shades (4B4-8). On CY A37, sporulating more heavily than on other media, conidia buff to
ochraceus (4-5 B-D3-5); colonies lanose to floccose, plane to radially sulcate, other characters similar to
those on CYA25. Conidia on CZ frequently sparse, in dull yellow, buff or ochraceus (3A5, 4A-B5-6,
5C5), texture velutinous to floccose, plane or sulcate; other characters similar to those on CYA25.

Microscopic Characteristics. Large conidial heads radiate, smaller ones often columnar. Stipes variable
in length 40-2000 x 5-9 pm, smooth-walled, uncolored. Vesicles spherical to pyriform, variable in width
(8) 20-50 (100) pm. Conidial heads biseriate on large vesicles, on small vesicles often uniseriate, metu-
lae or phialides covering at least the upper half of the vesicle; metulae 6-12 (18) x 2.5-5 (6) um; phi-
alides (5) 6-9 (13) x (1.5) 2-2.5 (4) um. Conidia (2.5) 3-3.5 (4) um in diameter, smooth-walled, subglo-
bose to ovoid. Mature ascospores not observed: fide Malloch & Cain (1972); over a period of months
the sclerotial bodies act as stromata containing ascocarps with 8-spored asci which are dehiscent. Asco-
spores ellipsoidal 5.5-9 x 5-7 um, smooth-walled, uncolored, and may have a fine longitudinal furrow
when young.

Distinguishing Features. 4. alliaceus is distinguished by colonies spreading to fill the petri dishes on
MEA, yellow gold conidia, and grey black sclerotial bodies which may mature slowly into stromata.

Taxonomic References. Raper & Fennell, 1965; Malloch & Cain, 1972; Christensen, 1982; Klich & Pitt,
1988; Kozakiewicz, 1989.

Note. The black sclerotia, some molecular data (Peterson, 1995), and electron microscopic data (Ko-
zakiewicz, 1989) indicate that this species belongs in Section Flavi rather then Section Circumdati.
Habitats. This species has been isolated from desert, grassland and cultivated soils, cacti, and onion and

garlic bulbs. It has been reported at greater than expected frequencies in studies at latitudes between 36-
45 degrees (Christensen, 1982; Klich, 2002).
Major Mycotoxins. Ochratoxin A.
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Fig. 6. Aspergillus alliaceus: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right col-
umn (top to bottom), conidial head, conidia, and SEM of conidia (x 8000).
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Eurotium amstelodami Mangin — Fig. 7.

Ann. Sci. Nat., Bot., ser. 9, 10: 360. 1909. Neotype CBS 518.65.
Anamorph: 4. vitis Novobr. Novosti Sist. Nizs. Rast. 9:175. 1972. Neotype IMI 174724.

Subgenus: Aspergillus Section: Aspergillus

Colony Diameters at 7 days, in mm: CYA25 (10) 14-20 (21); MEA (13) 18-22 (16); CY20S (31) 34-59;

CYA37 2-13; CZ 7-19.

Colony Colors and Textures. Conidia on CYAZ2S green, grey green, greyish turquoise or dark green (24-

29D-F4-8); mycelium white, yellow or yellow grey; cleistothecia yellow; reverse uncolored, yellow,
green or brown; exudate, when present, uncolored to brown; soluble pigment, when present, brown;
colony low, plane to sulcate. On MEA conidia dark green (28-29F8); inconspicuous white to yellow
mycelium; cleistothecia, when present, yellow; reverse uncolored or yellowish centrally; colonies not
dense, low, granular. Conidia on CY20S dull green (27-28E3-4) or dark green (29-30F8); mycelium and
cleistothecia colored as on CY A25, reverse generally yellow (beneath cleistothecia) or green (beneath
conidia). Colonies on CYA37 consisting of white dense mounds with uncolored to grey brown reverse
colors. Conidia sparse on CZ, overall appearance dominated by bright yellow cleistothecia; reverse un-
colored to yellow or green; colonies velutinous.

Microscopic Characteristics. Conidial heads radiate to loosely columnar; stipes smooth-walled, uncol-

ored to slightly brown, (90) 110-350 (500) x (5) 7-12 pum; vesicles globose to spathulate (10-) 17-30 (-
40) um; uniseriate, phialides 5-8 x 3-4.5 um covering at least the upper two-thirds of the vesicle. Co-
nidia globose to subglobose or broadly ellipsoidal, finely roughened to densely spinulose, (3) 4-5 (7)
um in length. Cleistothecia yellow, globose to subglobose, (50) 75-150 (170) pm in diameter; wall con-
sisting of a single layer of angular pseudoparenchymatous cells. Asci globose 9-15 um, dehiscent, 8-
spored, ascospores maturing within two to three weeks. Ascospores lenticular 4.5-6 x 3.5-4 um, uncol-
ored, rough-walled, with a longitudinal furrow and conspicuous ridge of irregular height on either side.

Distinguishing Features. E. amstelodami is distinguished by colony diameter on CY20S twice that on

CYA25, yellow cleistothecia with hyaline, rough-walled ascospores each with a furrow and two longi-
tudinal ridges.

Taxonomic References. Raper & Fennell, 1965; Domsch et al., 1980; Pitt, 1985; Klich & Pitt, 1988;

Kozakiewicz, 1989; Tzean et al., 1990; Pitt & Hocking, 1997; Samson et al., 2000.

Common Synonyms. 4. amstelodami (Mangin) Thom & Raper. This name is invalid because the original

description included the teleomorph.

Habitats. E. amstelodami is more commonly encountered in tropical and subtropical regions than
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elsewhere and reported at higher than expected frequencies in studies conducted in desert soils and at
latitudes between 25 and 36 degrees (Klich, 2002). It is frequently reported from soils and dried or
concentrated food products, indoor environments, and has been reported from a variety of other sources
(Domsch et al., 1980; Pitt & Hocking, 1997; Samson et al., 2001).
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Fig. 7. Eurotium amstelodami: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right
column (top to bottom, left to right), conidial head, conidia, ascospores, SEM of conidia (x 3000), and SEM of
ascospores (x 8000).
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Maren A. Klich

Aspergillus auricomus (Guegen) Saito — Fig. 8.

J. Ferment. Technol. 17: 3. 1939. Neotype CBS 467.65.

Subgenus: Circumdati Section: Circumdati

Colony Diameters after 7 days incubation, in mm: CYA2S 30-50; MEA (33) 40-60; CY20S (36) 45-60

(70); CYA37 0-25; CZ 18-27 (35).

Colony Colors and Textures. Conidial production on CYAZ2S5 very limited in light yellow shades (4A3);

mycelium white, generally inconspicuous; colony dominated by abundant sclerotia in golden yellow to
orangish yellow (4-6A-B3-7) shades; exudate, when present, uncolored to yellow; reverse greyish
yellow (5B3-4) to greyish red (7B4); soluble pigment yellow when present. On MEA conidia not
abundant, light yellow to greyish yellow (4A-B4-5); mycelium white, inconspicuous; sclerotia either in
a continuous layer or in small clusters, gold (4-5A-C5-8); reverse pale yellow to gold. Colonies on
CY20S similar to those on CYA25 except that conidia are sometimes more abundant. When present,
colonies on CYA37 similar in colors to those on CYA25, with reverse colors pale yellow to dull red-
brown shades. On CZ, conidia frequently absent, pale yellow (4A3-4) when present; white mycelium,
sometimes inconspicuous; exudates uncolored to yellow when present; reverse dull yellow; sclerotia
golden yellow to orange yellow (4A5-6, SA-B5-6).

Microscopic Characteristics. Conidial heads radiate, splitting into columns; stipes 300-1000 (3500) x 7-

18 um, walls usually rough, uncolored to yellowish; vesicles globose to spathulate, widths in two size
ranges, 12-17 pm or 25-35 (60) um; biseriate; metulae covering at least the upper half of the vesicle,
usually covering the entire vesicle, in two size ranges, 5-8 x 2.5-3 um and 10-20 x 5-6 pm; phialides 5-9
x 2.5-3.5 um. Conidia 2.5-3 (4) pum in diameter, smooth to finely roughened, globose, subglobose, or
broadly ellipsoidal. Sclerotia abundant, globose (150) 500-700 (1000) um in diameter.

Distinguishing Features. The solid mat of golden to orange sclerotia on CYA2S, light yellow conidial

heads, and small conidia make this a very distinctive species.

Taxonomic References. Raper & Fennell, 1965; Christensen, 1982; Klich & Pitt, 1988; Kozakiewicz,

1989.

Habitats. A. auricomus was originally isolated from an aqueous solution of potassium iodide (Christensen,
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1982). It has also been isolated occasionally from soils (Klich, 1998).
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-._;'

Fig. 8. Aspergillus auricomus: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right
column (top to bottom), conidial head, conidia, and SEM of conidia (x 8000).
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Maren A. Klich
Aspergillus awamori Nakaz. — Figs. 9 and 4.

Rep. Gov. Res. Inst. Formosa 1907: 1. 1907. Neotype CBS 557.65.
Subgenus: Circumdati Section: Nigri

Colony Diameters at 7 days, in mm: CYA2S (58) 60-70; MEA (55) 60-70; CY20S 60-70; CYA37 (62)
65-70; CZ 30-60.

Colony Colors and Textures. Conidia on CYA25 dark brown (5-6F2-5) to almost black; mycelium white
to yellow, usually inconspicuous, sometimes in a floccose overlay; small droplets of hyaline to dark red
brown exudate sometimes visible; reverse dull brown, dull yellow, intense yellow or grey brown;
soluble pigment dull yellow when present; colony low, velutinous to granular, sometimes radially
sulcate, occasionally with a floccose overlay. On MEA, conidia dark brown (5-6F3-5) to black;
mycelium inconspicuous; colony plane, individual conidial heads uncrowded. Colonies on CY20S,
CYA37 and CZ similar in morphology to those on CYAZ25, however, the reverse on CYA37 was
consistently dark brown to black.

Microscopic Characteristics. Conidial heads radiate, splitting into columns at maturity; stipes 300-1500
x 7-17 um, smooth-walled, uncolored to slightly pigmented near the apices; vesicles globose (14) 20-40
(55) um; predominantly biseriate; metulae (6) 10-20 (25) x 4-8 um, over at least the upper half of the
vesicle; phialides (5) 6-9 (10) x 2.5-4 um. Conidia (3.5) 4-5 (6) um in diameter, spherical, smooth to
delicately roughened.

Distinguishing Features. Dark brown to almost black colonies, with biseriate conidial heads and smooth
to delicately roughened conidia separate this taxon from others.

Taxonomic References. Raper & Fennell, 1965; Al-Musallam, 1980; Klich & Pitt, 1988; Kozakiewicz,
1989; Tzean et al., 1990.

Common Synonyms/Related species. 4. niger v. awamori (Nakazawa) Al-Musallam.Al-Musallam (1980)
reduced this species to varietal status, Kozakiewicz (1989) considered it to be a synonym of 4. niger.
The final status remains to be determined.

Habitats. This species appears to be associated with Asian food fermentations, but the literature on this
point is confusing. It has been reported from soils, predominantly in latitudes between 16 and 35
degrees (Klich, 2002). A. awamori has also been reported infrequently from other habitats (Raper &
Fennell, 1965).
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Fig. 9. Aspergillus awamori: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right
column (top to bottom), conidial head, conidia, and SEM of conidia (x 3000).
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Maren A. Klich

Aspergillus caespitosus Raper & Thom — Fig. 10.

Mycologia 36: 563. 1944. Neotype IMI 160344i.

Subgenus: Nidulantes  Section: Versicolores

Colony Diameters after 7 days incubation, in mm: CYA25 35-50 (52); MEA 47-60; CY20S 40-58;

CYA37 (5) 10-35; CZ 30-40.

Colony Colors and Textures. On CYAZ2S5, conidia greyish green (28-30D-E4-6) to greyish yellow green

(1-3C-D4-5); mycelium white to yellow, usually inconspicuous; Hiille cells, when present, at first
hyaline, becoming reddish in age; exudate uncolored when present; reverse bright yellow, red brown to
purplish red (2B6, 8F8, 10D-C4), occasionally green (29ES5); soluble pigment usually absent,
occasionally purplish red; colony usually low velutinous, and sulcate. On MEA, conidial areas dark
green (27-28E-F8); mycelium usually inconspicuous, white reddish yellow (4B7); reverse yellow to red-
brown; colony very low, conidia not abundant, margins often fimbriate. On CY20S, colonies similar to
CYA in appearance. On CYA37, conidia dull grey green to drab green/olive (3D3, 5C-D3-4), mycelium
white, or inconspicuous, reverse in dark green, brown or gold colors, colonies dense frequently radially
sulcate. Conidia on CZ greyish yellow to olive (1-2B-D3-4, white to yellow mycelium, reverse yellow
or centrally dark brown to black, exudate minute droplets when present, uncolored; colony velutinous,
dense, sulcate.

Microscopic Characteristics. Conidial heads radiate on CYA25 and generally columnar to loosely

columnar on MEA; stipes (60) 100-300 (450) x 3-6 um, with thick, usually smooth walls, brown in age,
expanding into pyriform to spathulate to vesicles 9-15 (20) um wide; biseriate; metulae 4-9 (10) x (2.5)
3-4 um, covering half to two thirds of the vesicle; phialides (5) 6-8 (9) x (2.5) 3-4 um. Conidia
spherical, (3) 3.5-4.5 (5) um in diameter, usually rough-walled, occasionally finely roughened. Hiille
cells present in some isolates, globose to ellipsoidal.

Distinguishing Features. Sparse dark green colonies with a yellow to red-brown reverse on MEA, brown

stipes bearing biseriate conidial heads and rough-walled 3.5-4.5 pm spherical conidia distinguish this
species from others.

Taxonomic References. Raper & Fennell, 1965; Klich & Pitt, 1988; Kozakiewicz, 1989; Tzean et al.,

1990; Klich, 1993.

Note. Kozakiewicz (1989) and Peterson (2000) both placed this species in Section Nidulantes.
Habitats. A. caespitosus has been reported predominantly from soil (Raper & Fennell, 1965), occurring
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with greater than expected frequencies in reports from desert soils and latitudes of 36-45 degrees (Klich,
2002). It has also been reported from sugarcane bagasse (Sandhu et al., 1980).
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Fig. 10. Aspergillus caespitosus: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right
column (top to bottom), conidial head, conidial head, conidia, and SEM of conidia (x 8000).
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Maren A. Klich

Aspergillus candidus Link — Figs. 11 and 3a.
Ges. naturf. Freunde Mag. Nevesten Entdeck. Gesammten Naturk. 3: 16. 1809. Neotype CBS 567.65.

Subgenus: Circumdati Section: Candidi

Colony Diameters after 7 days incubation, in mm: CYA2S (13) 15-28; MEA 14-23 (26); CY20S (14) 19-
33; CYA37 0-25; CZ (12) 14-27.

Colony Colors and Textures. Conidia on CYA25 pure white to pale yellow (2A3); mycelium white,
dense; sclerotia sometimes formed, dull pinkish purple initially, becoming black in age; exudate, when
present, uncolored to yellow; reverse uncolored, light yellow (3-4A4-5) or yellowish orange (4A7);
colony dense, velutinous to lanose, plane or radially sulcate. Conidia on MEA white to pale yellow
(2A3); mycelium inconspicuous, white; reverse usually yellowish white to pale yellow (3A2-3)
occasionally dull brown; colony low, granular. Conidial colors on CY20S similar to those on CYA2S5,
colony texture frequently more granular than on CY A25. Colony colors on CYA37 similar to those on
CY A25; colonies velutinous, sulcate. Colony color and texture on CZ similar to that on CYA25.

Microscopic Characteristics. Conidial heads radiate; stipes (100) 200-500 (750) x 4-10 (12) um, walls
smooth to finely roughened, uncolored; vesicles (12) 17-35 (40) um wide, globose to somewhat
elongate; predominantly biseriate, but smaller ones often uniseriate; metulae (5) 7-20 x (3) 5-8 um,
covering the entire surface of the vesicle; phialides 6-9 (11) x 2-3 um, often only 2-3 phialides per
metula. Conidia globose to slightly ovoid, (2.5) 3-4 (5) um, smooth-walled.

Distinguishing Features. This species is distinguished by white to cream-colored conidia with colony
diameters usually less than 35 mm on all media, and biseriate conidial heads with few phialides per
metula. It is distinguished from the other predominantly white spored Aspergillus species, A. niveus, by
its larger vesicles, metulae which cover most of the vesicle, and often having only 2-3 phialides per
metula.

Taxonomic References. Raper & Fennell, 1965; Domsch ef al., 1980; Klich & Pitt, 1988; Kozakiewicz,
1989; Tzean et al., 1990; Pitt & Hocking, 1997; Samson et al., 2000.

Habitats. A. candidus is a common species predominantly occurring in tropical and subtropical regions. It
has been reported from soils, grains, other seeds, flour, nuts, fruits, various other foodstuffs, indoor
environments, and dung (Domsch et al., 1980; Pitt & Hocking, 1997; Samson et al., 2001; Klich, 2002).
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Fig. 11. Aspergillus candidus: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right
column (top to bottom), conidial head, diminutive conidial head, conidia, and SEM of conidia (x 8000).
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Maren A. Klich
Aspergillus carbonarius (Bainier) Thom — Figs. 12, 4k, 4/ and 5f.

J. Agric. Res. 7: 12. 1916. Neotype CBS 556.65.
Subgenus: Circumdati Section: Nigri

Colony Diameters at 7 days, in mm: CYA25 (60) 65-70; MEA (50) 55-70; CY20S 68-70; CYA37 10-30;
CZ (30) 35-45.

Colony Colors and Textures. Conidia on CYA25 olive black to black; mycelium white, usually
inconspicuous; hyaline to brownish-black exudate sometimes formed; sclerotia, when present, yellowish
buff or pinkish; reverse uncolored or in dull yellow to dark grey shades; colony a dense mat of long-
stiped conidiophores. On MEA, conidia black and uncrowded; mycelium inconspicuous or as a white
basal felt; sclerotia, if present, yellow to buff; reverse uncolored to slightly yellow; mycelium low, long
stipes of individual conidiophores conspicuous. Colony characters on CY20S similar to those on
CYA25, except stipes often 3-4 mm long and conidiophores not as dense. Colonies on CYA37 similar
in colors to those on CYA2S, except reverse colors consistently black to grey, and brown soluble
pigment sometimes visible; conidiophores shorter than on CY A25. Colonies on CZ similar to those on
CYA25, but conidiophores not as densely packed.

Microscopic Characteristics. Conidial heads radiate, splitting into columns in age. Stipes (400) 1000-
3500 (6000) x (9) 15-20 (30) um, thick-walled, smooth to finely roughened, uncolored or brownish near
apices; vesicles (48) 65-90 (100) um, nearly spherical; biseriate; metulac over the entire vesicle
surface, measuring (15) 25-40 (60) x (5) 6-11 (14) um; phialides 8-12 x 5-7 (8) um. Conidia very large,
(6) 7-10 (11) um in diameter, globose, walls extremely rough with spikes or tubercles when mature.

Distinguishing Features. 4. carbonarius is characterized by its nearly black conidia, stipes up to several
millimeters long, and large (7-11 um) very rough-walled conidia.

Taxonomic References. Raper & Fennell, 1965; Al-Musallam, 1980; Klich & Pitt, 1988; Kozakiewicz,
1989; Tzean et al., 1990.

Habitats. This distinctive fungus has not been reported frequently. It has been reported from mud and
wood in a mangrove swamp, soil, and polluted water (Kamal & Kumar, 1979; El-Dohlob & Ali, 1981;
Jaitly & Rai, 1982). It is apparently tropical in distribution in soil with the greatest proportion of reports
from 0-15 degrees latitude (Klich, 2002).

Major Mycotoxins. Ochratoxin A.
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Bs

Fig. 12. Aspergillus carbonarius: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right
column (top to bottom), conidial head, metulae and phialides, conidia, and SEM of conidia (x 8000).
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Maren A. Klich
Aspergillus carneus Blochwitz — Fig. 13.

Ann. Mycol. 31: 81. 1933. Neotype IMI 135818
Subgenus: Nidulantes  Section: Flavipedes

Colony Diameters at 7 days, in mm: CYA25 16-30 (36); MEA 20-42; CY20S 30-45; CYA37 0-53; CZ
17-23.

Colony Colors and Textures. Conidia on CYA25 ‘flesh’ (6B3), dull pink (9A-B2-3) to pale greyish red
(8C4, 7-9B3); mycelium yellow to white; exudate, when present, uncolored to brown; reverse
uncolored, yellow orange or brown; soluble pigment sometimes present, brown to yellow; colony
velutinous to lanose, plane or sulcate. On MEA conidia white to Venetian pink (10A3) to pale greyish
orange or brownish orange (6BC3); mycelium white, inconspicuous; reverse uncolored or sometimes
pale brown or yellow; soluble pigment yellow to yellow-brown, when present; colony low, granular,
plane. Colony diameter on CY20S 24-40 mm, colonies otherwise similar to those on CYA2S5 in
appearance. Growth on CYA37 variable, when present, colony features similar to those on CYA2S5.
Conidia on CZ dull pink (8B2, 9B3); mycelium white; reverse tan to red-brown (8-9E8); soluble
pigment red-brown; colony low dense and velutinous.

Microscopic Characteristics. Conidial heads radiate to loosely columnar. Stipes 80-500 (700) x 3.5-7
um, smooth-walled, hyaline to very pale brown; vesicles ranging from almost clavate to nearly
spherical, predominantly pyriform (5.5) 9-15 um wide; biseriate, metulae (4) 5-6 (10) x 2-3 pum,
covering the upper third to half (rarely more) of the vesicle; phialides 5-7 x 2-2.5 (3) um. Conidia (2)
2.5-3 (3.5) um in diameter, smooth-walled, spherical, occasionally broadly ellipsoidal. Irregular
branching elements or globose lateral cells sometimes present on the hyphae.

Distinguishing Features. Pale tan to pink conidia with white to yellow mycelium and biseriate conidial
heads fertile over only the upper one third to one half of the vesicle are distinguishing characteristics of
A. carneus.

Taxonomic References. Raper & Fennell, 1965; Domsch et al., 1980; Klich & Pitt, 1988; Tzean et al.,
1990.

Common Synonyms. Aspergillus carneus (van Tiegh.) Blochwitz. Domsch et al. (1980) and Samson &
Gams (1985) noted that the authority for this name, used by Raper and Fennell (1965), is incorrect.

Note. Both morphological and molecular evidence (Peterson, 2000) indicates that there may be two
species here, one with much faster growth rates than the other.

Habitats. This species has been isolated predominantly from soils in tropical and subtropical areas
(Domsch et al., 1980; Klich, 2002)

Major Mycotoxins. Citrinin.
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Fig. 13. Aspergillus carneus : left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right
column (top to bottom), conidial head, conidia, and SEM of conidia (x 3000).
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Maren A. Klich
Aspergillus cervinus Massee — Figs. 14 and 3h.

Kew Bull., Misc. Inf. 4: 158. 1914. Neotype WT 540 (herb. Wisc.).
Subgenus: Fumigati  Section: Cervini

Colony Diameters at 7 days, in mm: CYA25 (10) 12-20 (22); MEA (53) 57-61 (65); CY20S 10-19;
CYA370-12; CZ (8) 11-22.

Colony Colors and Textures. Conidia on CYA2S orange white to light orange (4-5A2-4), relatively
sparse; mycelium white, inconspicuous; reverse uncolored to light yellow or peach; texture granular,
plane. On MEA, conidia abundant, pale orange to greyish orange (5-6A-B3-4); mycelium white,
inconspicuous; reverse uncolored, dull yellow or pale brown; colony low velutinous to granular, plane.
On CY20S, colonies similar in color and texture to CYA25. When colonies form on CYA37, they
consist of low, dense, non-sporulating white colonies with no other colors present. Colonies on CZ
consist of thin mycelium which is almost invisible unless the plate is held up to the light.

Microscopic Characteristics. Conidial heads radiate; stipes smooth, thick-walled, uncolored to slightly
brown near the vesicles, 100-300 (600) x 4-9 um; vesicles globose 10-20 (32) um in diameter.
Diminutive heads sometimes present; stipes 20-90 x 3-5 pum long, and vesicles 6-13 um wide;
uniseriate; phialides (4) 5-7 x 2.5-3 um, tightly packed over the entire vesicle surface. Conidia smooth-
walled, spherical, (2.5) 3-3.5 (4) um in diameter.

Distinguishing Features. This species grows much more rapidly on MEA than on CYA25 or CY20S. It
produces pale orange to greyish orange conidia on tightly packed phialides which cover most of the
surface of the vesicle, and stipes in most isolates shorter than 300 um. This species may be
distinguished from the very similar species 4. kanagawaensis by its generally shorter stipes (most under
300 um), which are relatively consistent in length, thick stipe walls, and consistently erect conidial
heads.

Taxonomic References. Christensen & Fennell, 1964; Raper & Fennell, 1965; Klich & Pitt, 1988.

Habitats. This species is not common, but has been isolated from tropical rainforest soils in Malaya, soils
in Puerto Rico, New Zealand, Wisconsin USA, and India (Christensen & Fennell, 1964; Kamal &
Kumar, 1979), and the rhizoplane of Cyperaceae in Australia (Yip & Weste, 1985). It has been reported
at higher than expected relative frequencies from studies of cultivated soils, and from latitude ranges of
0-15 and 36-45 degrees (Klich, 2002).

34



Identification of common Aspergillus species

Fig. 14. Aspergillus cervinus: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right
column (top to bottom), conidial head, young conidial head, conidia, and SEM of conidia (x 8000).
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Maren A. Klich

Eurotium chevalieri L. Mangin — Fig. 15.

Ann. Sci. Nat., Bot., Ser. 9, 10: 361. 1909. Neotype IMI 211382.
Anamorph: 4. chevalieri ibid., p 362. Neotype IMI 211382.

Subgenus: Aspergillus Section: Aspergillus

Colony Diameters at 7 days, in mm: CYA25 (16) 18-23 (28); MEA 16-25; CY20S (40) 45-68; CYA37 0-

10 (11); CZ 16-20.

Colony Colors and Textures. Conidial areas on CYA25 brown (4C-F5-8) or dull grey green (27ES); my-

celium and cleistothecia yellow (3-4A6-7); reverse yellow to brown; colonies low, dense plane to sul-
cate. Conidia on MEA yellow olive, olive or olive brown (3-4D-E5-7); white to yellow mycelium, and
yellow cleistothecia; reverse yellow to brown (sometimes orange or olive); colony low, velutinous,
granular, or floccose, plane. On CY20S, conidia dull green (25-28E3-4); yellow mycelium and cleisto-
thecia; reverse yellow, orange or brown; colony dense, plane to sulcate, velutinous. When growth occurs
on CYA37, conidia are absent, mycelium is white to yellow; reverse in black to carmel colors; soluble
pigment grey to orange-brown, colonies low, with raised central areas. On CZ, conidia dull olive to
olive brown (3-4C-E4-8); mycelium white to yellow, reverse dull green to yellow; colonies velutinous
to granular.

Microscopic Characteristics. Conidial heads on CY20S generally radiate; stipes (100) 300-500 (1000) x

7-12 (15) um, uncolored to slightly brown, smooth-walled, broadening into pyriform, globose or clavate
vesicles (17) 25-35 (37) um in diameter; uniseriate; phialides (5) 6-8 (12) x (2) 3-4 (5) um covering at
least the upper two thirds of the vesicle surface. Conidia (3) 4-5 (7) x 3-4 um, variable in shape, sub-
spherical, ovoid, dolioform or pyriform with connectives sometimes visible, surface very finely rough-
ened to rough and spinose. Cleistothecia (60) 90-150 (180) um in diameter, globose to subglobose, yel-
low; wall consisting of a single cell layer composed of angular pseudoparenchymatous tissue. Asci 8-
spored, dehiscent, maturing in one to two weeks. Ascospores lenticular, 4.5-5.5 (7) x 3.5-4.0 um,
smooth-walled with two prominent longitudinal flanges. These spores were aptly described by Mangin
as 'pulley-form'.

Distinguishing Features. Colony diameter on CY20S at least twice that on CYA25, and yellow cleistothe-

cia containing smooth-walled lenticular ascospores with two longitudinal flanges distinguish this spe-
cies from others.

Taxonomic References. Raper & Fennell, 1965; Domsch et al., 1980; Pitt, 1985; Klich & Pitt, 1988; Ko-

zakiewicz, 1989; Tzean et al., 1990; Pitt & Hocking, 1997; Samson ef al., 2000.

Habitats. Like other Eurotium species, E. chevalieri is an ubiquitous xerophile. In soils it is most com-
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monly isolated from tropical to subtropical zones, reported at greater than expected frequencies from
studies on desert soils and from latitudes of 26-35 degrees (Klich, 2002). Some of its primary habitats
are dried or concentrated substrates just above safe moisture levels including leather goods, cotton,
seeds, and various kinds of dried foods, (Domsch ez al., 1980) and indoor environments (Samson et al.,
2001).
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Fig. 15. Eurotium chevalieri: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right
column (top to bottom, left to right), conidial head, conidial head, conidia, asci, ascospores, SEM of ascospores (x
3000) and SEM of conidia (x 8000).
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Maren A. Klich

Aspergillus clavatus Desm. — Figs. 16, 4e and 5c.

Ann. Sci. Nat. Bot., ser. 2, 2: 71. 1834. Neotype IMI 15949.
Subgenus: Clavati Section: Clavati

Colony Diameters at 7 days, in mm: CYA25 (32) 37-48 (50); MEA (30) 35-45; CY20S (29) 35-54;
CYA37 8-30; CZ 25-35.

Colony Colors and Textures. On CYAZ2S5 conidia dull green, greyish turquoise, dark turquoise or dull
green (24F7, 25E4-6, 26E3); mycelium white, inconspicuous to floccose; exudate, when present,
uncolored; reverse uncolored or in dull yellow to brownish colors; colonies dense, plane to radially
furrowed. Conidia on MEA in dull green, grey green or greyish turquoise shades (24-25D-E3-6, 24F7);
mycelium white, inconspicuous; colony thin and low except for conidial areas which are more floccose
and tend to be irregularly distributed. Colony colors and textures on CY20S like those on CYA25
except exudate not observed. Conidia less abundant on CYA37 than on CYA25, absent in some isolates,
colors and textures similar to those on CYA25. Colonies on CZ similar in appearance to those on
CYAZ2S5, reverse colors less intense.

Microscopic Characteristics. Conidial heads radiate, or splitting into columns in age; stipes (300) 500-
2000 (3000) x (5) 10-30 um, smooth-walled, colorless to slightly brown near the apices, expanding
gradually into clavate vesicles (8) 10-75 (90) um wide, smaller vesicles sometimes pyriform, conidial
zone extending from 12-250 um down from the apices of the vesicles; uniseriate, phialides (6) 7-10
(14) x 2-3.5 (4) um. Conidia smooth-walled, ellipsoidal, occasionally pyriform, apiculate or almost
cylindrical, 3-6 x 2.5-4 pm.

Distinguishing Features. The most distinctive feature of 4. clavatus is the formation of large, club shaped
vesicles with fertile areas up to 250 um long. The conidial heads are uniseriate with closely packed
phialides. The conidia are dull turquoise, dark turquoise, or dull green.

Taxonomic References. Raper & Fennell, 1965; Klich & Pitt, 1988; Tzean et al., 1990; ; Pitt & Hocking,
1997; Samson et al., 2000.

Related Species. 4. giganteus Wehmer, a closely related species, is characterized by very long stipes (up
to several cm), and slightly larger colony diameters; CY A25 40-50 (65) mm, CY20S (33) 40-70 mm,
and MEA 45-70 mm. This species is not as common as A. clavatus, is more tropical in distribution, and
has been reported from dung, soil, and sorghum malt (Raper & Fennell, 1965; Kamal & Kumar, 1979;
Rabie & Liibben, 1984; Klich, 2002).

Habitats. A. clavatus is a soil fungus with very widespread distribution in soils in warmer climates
(Domsch et al., 1980). It has been reported at higher than expected frequencies from studies conducted
in forest, desert and cultivated soils and at latitudes between 25 and 36 degrees (Klich, 2002). It is also
quite widely distributed in some kinds of foods, especially cereals (Pitt & Hocking, 1997; Flannigan,
1986) and in indoor environments (Samson et al., 2001).

Major Mycotoxins. Patulin, cytochalasin E.
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Fig. 16. Aspergillus clavatus: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right
column (top to bottom), conidial head, conidial heads, conidia, and SEM of conidia (x 8000).
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Chaetosartorya cremea (Kwon-Chung & Fennell) Subram. — Fig. 17.

Curr. Sci. 41: 761. 1972. Neotype IMI 12374911
Anamorph: A. cremeoflavus Samson & W. Gams apud Samson & Pitt, Adv. Penicillium Aspergil-
lus System.: 37. 1985. Holotype IMI 123749i1.

Subgenus: Circumdati Section: Cremei

Colony Diameters at 7 days, in mm: CYA25 10-25; MEA 18-25 (30); CY20S 35-55 (57); CYA37 no
growth; CZ 17-18.

Colony Colors and Textures. Conidia usually absent on CYA25; mycelium dense, white to pale yellow
(4A-B4); cream to buff colored cleistothecia sometimes visible; exudate uncolored when present; re-
verse dull yellow to yellow brown (5C5); colony velutinous, radially sulcate. On MEA, conidia absent;
mycelium dense, white to pale yellow (2A3-4); reverse cream to pale orange; cleistothecia yellow to
dull orange. Colonies on CY20S similar in appearance to those on CYA25 except sparse, pale blue-
green conidia usually present, and cleistothecia sometimes pale orange. Colony morphology on CZ
similar to that on CYA25. Exposure to light enhances sporulation.

Microscopic Characteristics. Conidial heads radiate, stipes very long, 4000-8000 x10-25 um, smooth-
walled, uncolored or slightly yellowish, constricted beneath the vesicles; vesicles globose to subglobose,
(40) 60-75 (100) um in diameter; biseriate; metulae (7) 9-12 (13) x (3) 4-6 (6.5) um covering the entire
surface of the vesicle; phialides 9-12 (18) x 3-5.5 um. Conidia variable in shape, subglobose to ellip-
soidal, 5-8 x 3.5-5 um, spinose. Cleistothecia globose, cream to buff colored, 70-600 pm in diameter,
wall consisting of irregularly flattened cells. Asci globose, 12-14 um, 8-spored, dehiscent. Ascospores
mature within two weeks, lenticular, hyaline, 4.5-5.5 x 4-4.5 um excluding the two longitudinal crests
which are up to 1.5 pm wide; convex walls usually have one to several thin spikes which look almost
like small crests.

Distinguishing Features. C. cremea is xerophilic, producing few conidia on CYA25 and MEA. The co-
nidia are very large (5-8 um) and have distinct spines. This fungus usually produces cream to buff col-
ored cleistothecia containing mature ascospores within two weeks. The hyaline ascospores have two
longitudinal crests and spikes on the convex walls.

Common Synonyms. 4. cremeus Kwon-Chung & Fennell. This name is not valid because the description
included the teleomorph.

Taxonomic References. Raper & Fennell, 1965; Subramanian, 1972; Malloch & Cain, 1972; Klich & Pitt,
1988.

Habitats. C. cremea is not a commonly isolated species, but has been reported from soils (Raper &
Fennell, 1965).
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Fig. 17. Chaetosartorya cremea: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right
column (top to bottom, left to right), conidial head, asci, ascospores, conidia, SEM of ascospores (x 8000) and SEM
of conidia (x 3000).
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Neosartorya fischeri (Wehmer) Malloch & Cain — Figs. 18 and 5b.

Can. J. Bot. 50: 2621. 1972. Neotype IMI 21139ii.
Anamorph: A4. fischerianus Samson & W. Gams apud Samson & Pitt, Adv. Penicillium Aspergillus
System.: 39. 1985. Holotype IMI 21139;ii.

Subgenus: Fumigati Section: Fumigati

Colony Diameters at 7 days, in mm: CYA25 (50) 60-70; MEA (60) 65-70; CY20S 60-70; CYA37 60-70;
CZ 53-60.

Colony Colors and Textures. On CYAZ2S5, conidia sparse grey green to pale blue green (25D-E4-5, 26-
27C-E3); mycelium white to cream with cream colored cleistothecia; exudate, when present, uncolored
to pale brown; reverse uncolored, yellow, or brown; soluble pigment absent; texture velutinous to
floccose, plane or somewhat sulcate. Sporulation on MEA sparse or absent, in colors similar to those on
CYA25; mycelium white to cream, cleistothecia light cream; reverse uncolored to pale dull yellow;
texture thin, plane or somewhat floccose. Colonies on CY20S colored as on CYA2S5, with similar
textures. Conidia abundant on CYA37, colors similar to those on CYA25, colonies low, dense, usually
radially sulcate. On CZ, conidia very sparse in dull blue green colors, reverse colors pale yellow to
peach (5A-B3), other characters similar to those on CYA25.

Microscopic Characteristics. These characters are best observed on mounts from CYA37 plates.
Conidial heads radiate to columnar, stipes uncolored, smooth-walled, (100) 150-350 (1000) x 5-9 um,
enlarging to pyriform vesicles (8) 10-20 (25) um in diameter; uniseriate; phialides 5-8 x 2-3 um
covering the upper half to two-thirds of the vesicle. Conidia smooth to finely roughened, spherical to
ellipsoidal, 2.5-3 (4) x 2-3 um. Cleistothecia globose (100) 150-350 (1000) um, soft-walled, mycelial,
often with pseudoparenchymatous wall several layers thick, white to cream in color. Asci 9-15 um,
dehiscent, with 8 inordinately arranged uncolored ascospores which mature in 7-14 days. Ascospores
lenticular to almost spherical, 5-8 pm in length, including flanges, 4-5 (6) pm in width; walls slightly to
very rough, with two longitudinal, thin, ruffled flanges.

Distinguishing Features. This species is characterized by rapidly growing colonies, sparsely sporulating
on all three media, with soft-walled, white to cream colored cleistothecia containing hyaline, rough-
walled ascospores with two sinuous longitudinal flanges.

Taxonomic References. Raper & Fennell, 1965; Samson, 1979; Domsch et al., 1980; Klich & Pitt, 1988;
Kozakiewicz, 1989; Tzean et al., 1990; Pitt & Hocking, 1997; Samson et al., 2000.

Common Synonyms. 4. fischeri Wehmer. This name is invalid because the species description included
the teleomorph.

Related Species. Raper & Fennell (1965) recognized two varieties of this species, A. fischeri var. glaber [=
N. fischeri var. glabra (Raper & Fennell) Malloch & Cain] and A. fischeri var. spinosus [= N. fischeri
var. spinosa (Raper & Fennell) Malloch & Cain]. The first named has ascospores with smooth convex
walls, while the latter has spinose convex walls. Both species are uncommon. A number of other
Neosartorya species have been described (see Pitt ef al., 2000), most are quite rare.

Habitats. N. fischeri is a thermotolerant soil fungus of widespread distribution (Domsch et al., 1980). It
has been reported at greater than expected frequencies from studies in wetland soils and soils in the 0-15
and 26-35 degree latitude ranges (Klich, 2002). It has been isolated from agricultural products and is
sometimes pathogenic to mammals, including humans (Samson et al., 2000).

Major Mycotoxins. Verrucologen, fumitremorgin A & B.
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Fig. 18. Neosartorya fischeri: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right
column (top to bottom, left to right), conidial heads, conidia, ascospores, SEM of ascospores (x 8000),and SEM of
conidia (x 8000).

43



Maren A. Klich

Aspergillus flavipes (Bainier & Sartory) Thom & Church — Fig. 19.

The Aspergilli: 155. 1926. Neotype. IMI 171885
Teleomorph: Fennellia flavipes Wiley & Simmons. Mycologia 65: 937.1973. Holotype QM 9131.

Subgenus: Nidulantes Section: Flavipedes

Colony Diameters at 7 days, in mm: CYA25 (19) 24-33 (40); MEA 28-31 (37); CY20S 23-39; CYA37 8-

20 (25); CZ 20-17 (29).

Colony Colors and Textures. Conidia on CYAZ2S orange grey to greyish orange (5-6B-C2-3); mycelium

white to cream, dense; exudate, when present, yellow, brown or uncolored; reverse uncolored, pale
yellow, light brown (5D6), yellowish brown (5E-F8) or brown (6-7D-ES8); colonies radially sulcate,
velutinous, occasionally with a tufted overlay of white mycelium. Conidia orange white (5A2) to
reddish blond (5C3-4) on MEA; mycelium white, inconspicuous; reverse greyish yellow (4B5) to
golden brown (5D7); colonies velutinous to slightly granular, occasionally forming sectors of sterile
floccose mycelium. On CY20S, colors similar to those on CYA2S5, no exudate observed, texture
generally granular or lanose, wrinkled. On CYA37, and CZ colors and textures similar to those on
CYAZ25, however, no exudate was observed on CYA37.

Microscopic Characteristics. Conidial heads radiate to loosely columnar; stipes (150) 200-800 (1200) x

4-8 um, uncolored to pale brown, walls smooth to slightly roughened, broadening gradually into
spathulate to subglobose vesicles (7) 10-18 (20) um wide; biseriate; metulae (4) 5-6 (8) x 2.5-3.5 (4.5)
um, covering at least the upper half of the vesicle; phialides 5-8 x 2-3 um. Conidia globose, 2-3 pm in
diameter, smooth-walled. Lateral globose cells are occasionally produced on the vegetative hyphae.
Cleistothecia were not developed by the isolates examined. Fide Wiley and Simmons (1973):
cleistothecia yellow, embedded in discrete clumps of rounded to elongate Hiille cells; asci globose, 10-
12.5 pm in diameter, dehiscent and usually 4-spored; ascospores mature in about 3 weeks, hyaline,
subglobose, 6.4-8.0 x 5.6-6.4 um, smooth walled, with an inconspicuous longitudinal groove.

Distinguishing Features. Pale greyish orange conidia on loosely columnar to radiate biseriate conidial

heads with small (2-3 pm) smooth-walled globose conidia make this species distinctive.

Taxonomic References. Raper & Fennell, 1965; Wiley & Fennell, 1973; Wiley & Simmons, 1973;

Domsch et al., 1980; Klich & Pitt, 1988; Tzean ef al., 1990; Pitt & Hocking, 1997.

Habitats. A. flavipes is a very common soil fungus (Domsch et al., 1980), occurring at high relative
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Fig. 19. Aspergillus flavipes: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right
column (top to bottom), conidial head, conidia, and SEM of conidia (x 8000).
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Maren A. Klich
Aspergillus flavus Link — Figs. 20 and 3;.

Ges. Naturf. Freunde Berlin Mag. Neuesten Entdeck. Gesammten Naturk 3: 16. 1809. Neotype IMI
124938.

Subgenus: Circumdati Section: Flavi

Colony Diameters at 7 days, in mm: CYA2S5 (45) 65-70; MEA (50) 65-70; CY20S 65-70; CYA37 (50)
55-65 (70); CZ 55-65.

Colony Colors and Textures. Conidia on CYA2S deep green (28-30D-ES), olive green (1-3D-E6-7), or
olive (3E6-8), sometimes overlaid with greyish yellow to olive yellow (2-4B-C6) areas; mycelium
white; sclerotia, when present, dark brown to black variable in shape and size; exudate, when present,
uncolored to brown; reverse uncolored, dull brown or orangish; variable in colony texture, generally 2-3
mm deep, lanose to floccose. On MEA, conidia olive (1-3D-ES5-8) or occasionally dark green (30E-F7-
8); mycelium white, inconspicuous; sclerotia sometimes present, brown to black, variable in shape and
size; reverse generally uncolored, sometimes in dull yellow colors; colonies floccose, especially
centrally. Colony characters on CY20S similar to those on CYA25 except exudate absent and bright
yellow (3A3-8) reverse colors occasionally produced. Conidia on CYA37 olive to olive brown (3-4ES),
other colors and textures as on CYA2S5. Colony morphology on CZ similar to that on CYA2S5.

Microscopic Characteristics. Conidial heads radiate to columnar. Stipes (250) 400-800 (2500) x 8-17
um in length, walls usually quite rough, occasionally finely roughened, generally uncolored, sometimes
very pale brown; vesicles spherical to elongate (12) 20-45 (85) um wide; variable in seriation, most
isolates with at least 20% biseriate on CYA25, some almost entirely uniseriate on MEA; metulae
covering three quarters to the entire surface of the vesicle, (6) 8-10 (16) x (4) 5-7 (9) um; phialides 7-12
x (2.5) 3-4 (5) um. Conidia globose to ellipsoidal 3-6 (8) um, with smooth to finely roughened walls.

Distinguishing Features. Spreading yellow-green colonies with rough-walled stipes, and smooth to finely
roughened conidia 3-6 pm in diameter are the most distinctive features of this species. 4. flavus may be
distinguished from A4. oryzae by its less floccose texture, greener colors and smaller conidia, and from 4.
parasiticus by its smooth spores.

Taxonomic References. Raper & Fennell, 1965; Christensen, 1981; Klich & Pitt, 1985; Klich & Pitt,
1988; Kozakiewicz, 1989; Tzean et al., 1990; Pitt & Hocking, 1997; Samson et al., 2000.

Related Species. 4. nomius may be distinguished from A. flavus by production of both B and G aflatoxins.
A new rare species, A. bombycis (Peterson et al.,2001) grows slowly on CYA37 (0-37 mm at one week)
and has smooth stipe walls.

Habitats. 4. flavus is worldwide in distribution. It is the most widely reported food-borne fungus, it also
colonizes decaying vegetation, crop seeds and many other substrates in indoor and outdoor
environments (Pitt & Hocking, 1997 Samson et al., 2001). It has been reported as an insect and animal
pathogen. About half of the isolates form aflatoxins, very potent carcinogens (Domsch et al., 1980;
Christensen, 1981; Diener et al., 1987). It has been reported in a greater than expected proportion of
studies conducted in the 26-35 degree latitude range (Klich, 2002).

Major Mycotoxins. Aflatoxin B, cyclopiazonic acid, 3-nitropropionic acid.
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Fig. 20. Aspergillus flavus: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right
column (top to bottom, left to right), conidial head, conidia, conidial head, and SEM of conidia (x 3000).
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Maren A. Klich
Aspergillus foetidus Thom & Raper — Figs. 21, 4h and 5g.

Manual of the Aspergilli: 219. 1945. Neotype CBS 121.28.
Subgenus: Circumdati Section: Nigri

Colony Diameters at 7 days, in mm: CYA2S5 (40) 45-60 (65); MEA 55-65 (70); CY20S 55-70; CYA37
48-65; CZ 30-40 (45).

Colony Colors and Textures. Conidial areas on CYA2S5 dark brown to black; mycelium dull white to
bright yellow; reverse grey to brown centrally, yellow or greenish brown at the margin; yellow soluble
pigment sometimes produced; colonies velutinous, occasionally floccose centrally, generally sulcate. On
MEA, conidia black to dark brown, uncrowded; hyphae inconspicuous; reverse uncolored or slightly
yellow. Colonies on CY20S similar to those on CYA25. On CYA37, mycelium inconspicuous, exudate
not formed, soluble pigment yellow but not abundant, other characters similar to those on CYA2S5.
Colony morphology on CZ similar to that on CYA2S5.

Microscopic Characteristics. Conidial heads radiate, splitting into columns in age; stipes (250) 400-800
(1000) x 7-17 wm, smooth-walled, uncolored or slightly brown near the apices; vesicles globose to
slightly elongate, (19) 30-50 (70) um wide; predominantly biseriate, metulae over at least the upper
half of the vesicle; metulae 5-18 (20) x 3-6 (7) um, phialides 7-9 (10) x 3-3.5 (4) um. Conidia spherical,
4-5 (6) um in diameter, delicately spinose when formed, appearing smooth-walled at maturity.

Distinguishing Features. Colonies of A. foetidus are often dark brown rather than black. This species is
biseriate and has relatively short stipes. The small smooth to delicately roughened conidia make this
species quite distinctive.

Taxonomic References. Raper & Fennell, 1965; Al-Musallam, 1980; Klich & Pitt, 1988; Kozakiewicz,
1989.

Habitats. This is an uncommon species in nature, but it is used in several industrial processes including
koji for shochu, and enzyme production (Raper & Fennell, 1965).
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Fig. 21. Aspergillus foetidus. left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days, right col-
umn (top to bottom, left to right), conidial head, conidial head, conidia, and SEM of conidia (x 8000).
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Aspergillus fumigatus Fresen. — Figs. 22, 4f and 5d.

Beitr. Mykol.: 81. 18. 1863. Neotype IMI 16152.
Subgenus: Fumigati Section: Fumigati

Colony Diameters at 7 days, in mm: CYA2S (35) 40-70; MEA (30) 45-70; CY20S (30) 40-70; CYA37
(57) 60-70; CZ 45-60.

Colony Colors and Textures. Conidia on CYA2S5 greyish turquoise or dark turquoise to dark green or dull
green (24-26E-F3-8); mycelium white; exudate, when present, uncolored; reverse uncolored, yellowish,
red brown or green; soluble pigment usually absent, occasionally in reddish brown colors; texture ve-
lutinous to floccose, plane or radially furrowed. On MEA, conidia colored as on CYA25; mycelium
white, inconspicuous; reverse uncolored, dull yellow or grey; soluble pigment, when present, colored as
reverse; texture as on CYA25 except consistently plane. On CY20S, exudate absent, otherwise colors
and textures as on CYA25. Conidia on CYA37 as on CY A25 or greyish brown (7E3-4), other characters
as on CYA25. Colony characters on CZ similar to those on CYA2S5.

Microscopic Characteristics. Conidial heads predominantly columnar; stipes uncolored or greyish near
the apices, smooth-walled (100) 200-400 (580) x 5-11 um, expanding gradually into pyriform or spathu-
late vesicles (10)15-30 (40) um in diameter; uniseriate; phialides 5-9 x 2-3 um, over upper half to two-
thirds of the vesicle, usually curving such that all phialides are parallel to each other and the stipe axis.
Conidia globose to broadly ellipsoidal, smooth to finely roughened or spinose, 2-3 (3.5) um in diame-
ter.

Distinguishing Features. This species is distinguished by rapidly growing colonies in turquoise to dark
green shades, phialides curving to be roughly parallel to each other and the axis of the stipe, and small
conidia borne in columns.

Taxonomic References. Raper & Fennell, 1965; Domsch et al., 1980; Klich & Pitt, 1988; Kozakiewicz,
1989; Tzean et al., 1990; Pitt & Hocking, 1997; Samson et al., 2000.

Habitats. 4. fumigatus is a very common, ubiquitous species. It grows well over a relatively wide tempera-
ture range. It is a human and animal pathogen, responsible for systemic mycoses usually resulting from
invasion of the lungs or respiratory tract. It has been reported from a wide range of substrates in both in-
door and outdoor environments including soils, plants, seeds, sludge, wood chips, compost, cotton, and
even penguin excreta (Domsch ef al., 1980; Ellis, 1980; Samson et al., 2001; Klich, 2002).

Note. Medical isolates often sporulate poorly.

Major Mycotoxins. Gliotoxin, verrucologen, fumitremorgin A & B.
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Fig. 22. Aspergillus fumigatus: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right
column (top to bottom), conidial heads, conidia, and SEM of conidia (x 8000).
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Maren A. Klich
Eurotium herbariorum Link — Fig. 23.

Ges. Naturf. Freunde Berlin Mag. Neuesten Entdeck. Gesammten Naturk. 3: 31.  1809. Neotype
DAOM 137960.

Anamorph: A. glaucus Link. Ges. Naturf. Freunde Berlin Mag. Neuesten Entdeck. Gesammten
Naturk. 3: 16. 1809. Neotype IMI 211383.

Subgenus: Aspergillus Section: Aspergillus

Colony Diameters at 7 days, in mm: CYA25 3-20 (25); MEA 0-17 (20); CY20S (25) 30-45 (60); CYA37
no growth; CZ 0-13.

Colony Colors and Textures. On CYA2S conidial heads sparse, grey-green (30B-C4) to dull green; my-
celium and cleistothecia forming a yellow to orange felt; exudate, when formed, brown; reverse yellow,
orange or brown; soluble pigment absent or yellow; colony velutinous to floccose, plane or wrinkled,
often with umbonate center. Some isolates not growing on MEA, when present, conidial heads grey
green, often sparse or absent; mycelium yellow gold or sometimes orange; cleistothecia and colony re-
verse generally yellow to gold; colony granular or tufted. On CY20S, conidia variable in abundance, in
grey green shades (30C-E3-5); mycelium usually in yellow to orange-gold shades (3A4 to 5A4) in the
colony center, yellow at the margin, rarely white; cleistothecia yellow; reverse bright yellow to orange
or brown to almost black in age; colonies plane or radially sulcate, velutinous or with a floccose over-
lay. When growth occurs on CZ, conidia sparse, grey green; mycelium white to bright yellow gold; re-
verse yellow to gold; colonies low, dense, plane.

Microscopic Characteristics. Best observed on CY20S. Conidial heads on CY20S radiate; stipes color-
less, walls smooth to rough, (200) 300-700 (800) x (8) 9-15 um, expanding into subglobose to pyriform
vesicles, (12) 18-36 (50) um wide; uniseriate; phialides 7-11 x 3-7 um, covering most of the vesicle.
Conidia variable in shape, spherical, ellipsoidal or apiculate, spinose, (4.5) 5-8 (11) x 5-7 um. Cleisto-
thecia yellow, globose to subglobose, 60-150 um in diameter; wall consisting of a single layer of angu-
lar pseudoparenchymatous tissue, frequently surrounded by orange encrusted hyphae. Asci dehiscent,
globose, 10-15 (20) um, 8-spored. Ascospores mature at 14 days, lenticular, 5-6.5 x 3-5 um, often with
a slight to definite furrow, and a smooth surface texture.

Distinguishing Features. Colony diameter on CY20S at least twice that on CYA2S5, large spinulose co-
nidia, yellow ascocarps surrounded by yellow to orange encrusted hyphae, and smooth-walled, lenticu-
lar ascospores, each with a shallow longitudinal furrow, are the main distinguishing characteristics for
this species.

Taxonomic References. Raper & Fennell, 1965; Pitt, 1985; Klich & Pitt, 1988; Kozakiewicz, 1989; Tzean
et al., 1990; Samson et al., 2000.

Related Species. Eurotium repens and E. rubrum are species closely related to E. herbariorum. E. repens
differs from E. herbariorum by the formation of ascospores without a distinct furrow. E. rubrum has
ascospores with a more distinct furrow, and the hyphae tend to turn brick red in age. Domsch et al.
(1980) considered these three species to be conspecific, referring to all of them as E. herbariorum.

Habitats. Eurotium herbariorum is world wide in distribution but more common in tropical and subtropi-
cal regions than in temperate zones. It has been isolated from soils and a wide range of saprophytic
habitats both indoors and outdoors. It is xerophilic and is especially common on dry or concentrated
substances. (Domsch et al., 1980; Samson et al., 2001; Klich, 2002).
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Fig. 23. Eurotium herbariorum: left column (top to bottom), colonies on CYA25, MEA, CY20S, 7 days; right col-
umn (top to bottom, left to right), conidial head, conidial head, ascocarp wall, developing asci, conidia, ascospores,
SEM of conidia (x 8000), and SEM of ascospores (x 3000).
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Maren A. Klich
Aspergillus japonicus Saito — Figs. 24, 4g and 5k.
Bot. Mag. (Tokyo) 20: 61. 1906. Neotype CBS 114.51.

Subgenus: Circumdati Section: Nigri

Colony Diameters at 7 days, in mm: CYA25 (49) 60-70; MEA (53) 60-70; CY20S -70; CYA37 (5) 20-50
(53); CZ 30-70.

Colony Colors and Textures. Conidial areas on CYA2S5 very dark brown to purple brown or purple black
(5-6F4); mycelium white; sclerotia, when present, white to cream colored; reverse dull brown, dark pur-
plish brown, brownish orange or slightly yellow-green; exudate clear when present; soluble pigment ab-
sent or slightly brown; colonies velutinous to slightly floccose, plane to radially sulcate. On MEA, co-
nidia dark brown to black; mycelium white; exudate absent; reverse uncolored to slightly yellow-grey;
plane, not dense. Colonies on CY20S, similar to those on CYA25 except exudate not produced and re-
verse uncolored, grey-black or yellow/yellow green in color. On CYA37 reverse brown to black, abun-
dant yellow to brown soluble pigment present; colonies low, radially sulcate, other characters as on
CYA25. On CZ, morphological characters as on CYA2S5.

Microscopic Characteristics. Conidial heads radiate; stipes (150) 300-600 (1400) pm, smooth-walled,
uncolored or somewhat pigmented near the apex; vesicles 14-30 (47) um wide, globose to elongate;
uniseriate; phialides 5-9 (10) x 3.5-4 (5) um, covering at least the upper half of the vesicle. Conidia
globose to subglobose, occasionally ellipsoidal, measuring (3.5) 4-5 (6) or 4-5 x 3-4 um, surface echinu-
late with evenly spaced spines.

Distinguishing Features. 4. japonicus is uniseriate and produces black spinose conidia.

Taxonomic References. Raper & Fennell, 1965; Al-Musallam, 1980; Domsch et al., 1980; Klich & Pitt,
1988; Kozakiewicz, 1989; Tzean et al., 1990; Parenicova, 2000.

Related Species. The taxonomic status of A. aculeatus is still in question (see taxonomic references). Like
A. japonicus it is uniseriate and produces spiny black conidia. A. aculeatus usually produces larger vesi-
cles [(15) 25-55 (100) um] and more consistently ellipsoidal conidia.

Habitats. This species has been isolated from soils, plant rhizospheres, and leaf litter, predominantly in
tropical zones (Domsch et al., 1980; Klich, 2002).
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Fig. 24. Aspergillus japonicus: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right
column (top to bottom), conidial head, conidial head, conidia, and SEM of conidia (x 8000).
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Aspergillus kanagawaensis Nehira — Fig. 25.

J. Jap. Bot. 26: 109. 1951. Neotype IMI 126690.
Subgenus: Fumigati  Section: Cervini

Colony Diameters at 7 days, in mm: CYA25 (3) 7-13; MEA (39) 45-58; CY20S 5-11; CYA37 0-10; CZ
4-14.

Colony Colors and Textures. Few conidia produced on CYAZ2S, in pale white orange to greyish orange
shades (5-6A-B2-3); mycelium white; reverse uncolored to yellowish or yellow brown (4C3, 5C5); col-
ony low and plane. On MEA, conidia abundant, greyish yellow, white orange to greyish orange, peach
(5-6A2, 6B4); mycelium white; reverse yellowish to brownish gold; yellowish soluble pigment occa-
sionally present; colonies low, plane, velutinous, granular to slightly floccose. Colonies on CY20S
sometimes yeasty, otherwise similar in appearance to colonies on CYA25. When growth occurs on
CYA37, colonies small, low and white. On CZ, thin inconspicuous white mycelium, with few central
pale peach colored conidia.

Microscopic Characteristics. Conidial heads radiate; stipes often variable in length (80) 150-700 (1000)
x 4-7 um, walls smooth uncolored to slightly brownish; vesicles (6) 11-22 (27) um, globose to subglo-
bose, often slightly colored; uniseriate, phialides tightly packed covering at least the upper three-
fourths of the vesicle, 4-6 (8) x 2.5-3.5 um. Conidia smooth-walled, globose to subglobose, 2.5-3.5
(4.5) um in diameter.

Distinguishing Features. 4. kanagawaensis grows much more rapidly on MEA than on CYA or CY20S,
produces greyish yellow, white orange or greyish orange conidia, with tightly packed phialides covering
the majority of the vesicle. 4. kanagawaensis is distinguished from the morphologically similar species
A. cervinus by its longer stipes (up to 700 um or more) of varying lengths in any one isolate.

Taxonomic References. Christensen et al., 1964; Raper & Fennell, 1965; Klich & Pitt, 1988.

Habitats. The type isolate came from soil in Japan. 4. kanagawaensis has also been isolated from soils in
hemlock and jack pine forests in Wisconsin USA (Christensen et al., 1964).
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Fig. 25. Aspergillus kanagawaensis: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days;
right column (top to bottom), conidial head, young conidial head, conidia, and SEM of conidia (x 8000).
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Aspergillus melleus Yukawa — Figs. 26 and 3e.

J. Coll. Agric. Imp. Univ. Tokyo 1: 358. 1911. Neotype CBS 546.65.

Subgenus: Circumdati Section: Circumdati

Colony Diameters at 7 days, in mm: CYA25 30-50; MEA, 33-60; CY20S, (41) 58-70; CYA37 (17) 25-35

(38); CZ 15-35.

Colony Colors and Textures. On CYAZ2S conidia sparse or absent, light golden yellow to pale straw

(4A4); mycelium white to yellow, inconspicuous; exudate, when present, uncolored to yellow; reverse
yellow to apricot or brown (4-6A-B6); soluble pigment when present yellow to brown; colonies low, ve-
lutinous, often radially sulcate, dominated by abundant sclerotia in yellow, buff to light brown colors
(5B3-5,6CDS5, 7B3). Conidia generally abundant and pale golden yellow to cream (3-4A3-4) on MEA,
mycelium inconspicuous, exudate absent, reverse in pale yellow to pale brown colors, sclerotia scattered
or absent, pinkish buffto dull orange to pale brown. Colonies on CY20S producing light yellow conidia
(4A4-5), white to yellow mycelium ranging from inconspicuous to floccose, no exudate observed, scle-
rotial colors similar to those on CY A25. On CYA37 colonies similar in appearance to those on CYA2S5,
except no exudate observed and reverse sometimes reddish brown to dark brown. On CZ colony charac-
ters similar to those on CYAZ25.

Microscopic Characters. Conidial heads radiate; stipes (200) 350-700 (720) x (4)7-10 um, uncolored to

slightly brown near the apex, walls rough or warted; vesicles: (12) 20-35 (38) um, globose to spathulate
or pyriform; conidial heads biseriate, metulae (5) 6-9 (10) x 3-4 um, covering almost all of the vesicle;
phialides (5) 7-8 (9) x 2.5-3 um. Conidia spherical to broadly ellipsoidal, 3-3.5 (4) um, walls smooth to
finely roughened. Sclerotia spherical to elongate (200) 300-600 pm.

Distinguishing Features. 4. melleus is characteristically dominated by sclerotia in yellow, buff to brown

colors. This along with the pale yellow/gold or cream colored conidia make it a distinctive species

Taxonomic References. Raper & Fennell, 1965; Domsch ef al., 1980; Christensen, 1982.
Habitats. 4. melleus has been reported predominantly from tropical to warm temperate soils (Klich, 2002).

It has also been reported from peanuts and a variety of other crop seeds (Domsch et al., 1980).

Major Mycotoxins. Ochratoxin A, penicillic acid, xanthomegnin, viomellein, vioxanthin.
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Fig. 26. Aspergillus melleus: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right col-
umn (top to bottom), conidial head, conidia, and SEM of conidia (x 8000).

59



Maren A. Klich

Emericella nidulans (Eidam) Vuill. — Figs. 27, 4b and 5;.

Compt. Rend. Seances Acad. sci. Paris 184: 137. 1927. Neotype IMI 86806.
Anamorph: A. nidulans (Eidam) G. Winter in Rabenh. Krypt-Fl ed 2 1(2) 62. 1884. Neotype IMI 86806.

Subgenus: Nidulantes Section: Nidulantes

Colony Diameters at 7 days, in mm: CYA25 40-60 (62); MEA 53-65; CY20S (38) 40-60; CYA37 50-70;
CZ 38-43.

Colony Colors and Textures. Conidia on CYAZ2S5 sparse to abundant, green, deep green or dark green
(27-30E-F5-8); mycelium white to cream or greyish; cleistothecia appearing dull yellow to buff from
the presence of abundant Hiille cells; exudate dull red to brown, when present; reverse uncolored to
brownish orange or deep purple red (6C2, 8E7, 10D6); soluble pigment similarly colored or pink; col-
ony velutinous or with a floccose overlay, dense, plane or sulcate. Colonies on MEA usually heavily
sporulating with dark green (26-29F5-7) conidia; mycelium white, inconspicuous; cleistothecia appear-
ing dull yellow to buff from surrounding Hiille cells; reverse uncolored to red brown or dark brown;
soluble pigment absent; colony low, velutinous, plane. On CY20S conidial colors and mycelial colors
similar to those on CYA25; exudate lacking; reverse dull brown to red brown or dark green; soluble
pigment absent or pink to brown; colonies velutinous, slightly sulcate to wrinkled. Conidia olive (1-
2E6-8) on CYA37, mycelium inconspicuous; exudate usually absent, brownish when present; cleisto-
thecia in buff grey shades; reverse dark brown to red brown (9ES5 to 10F8); purple-pink soluble pigment;
colonies low velutinous and radially sulcate. On CZ, morphology generally similar to that on CYA25,
but cleistothecia more buff in color.

Microscopic Characteristics. Conidial heads radiate to loosely columnar on CYA25, columnar on MEA;
stipes (35) 70-150 (210) x 3-6 (7) pm, smooth-walled, becoming brown in age, expanding into spathu-
late to pyriform vesicles (7) 8-12 (16) um in width; biseriate, metulae covering only the upper half of
the vesicle, 5-7 (9) x 2-3 (4) um wide; phialides 5-8 (9) x 2-3 um. Conidia spherical, usually smooth to
slightly rough, 3-4 um in diameter. Cleistothecia globose (80) 100-250 (280) um, wall hyphal, dark red
at maturity; surrounded by globose to subglobose Hiille cells 10-25 um in diameter, dull yellow to buff
en masse. Asci 8-spored, dehiscent. Ascospores maturing within 2 weeks, lenticular, red to purple,
smooth-walled, 4-6 x 3-4 um, with 2 thin longitudinal flanges about 1 pum long, somewhat wrinkled, but
with entire margins.

Distinguishing Features. E. nidulans is a relatively fast growing species, producing red-purple lenticular
smooth-walled ascospores with two longitudinal, pleated but entire flanges. The closely related species
E. quadrilineata has ascospores with 4 longitudinal flanges, and E. rugulosa grows more slowly (see E.
rugulosa description for details).

Taxonomic References. Raper & Fennell, 1965; Domsch et al., 1980; Christensen & States, 1982; Klich
& Pitt, 1988; Tzean et al., 1990; Pitt & Hocking, 1997; Samson et al., 2000; Klich et al., 2001.

Related Taxa. Four varieties of £. nidulans have been described; var. acristata lacks longitudinal flanges
on the ascospores; var. dentata has ascospores with dentate flanges; var. echinulata has ascospores with
echinulate convex walls; and var. lata has dull colored cleistothecial walls. All are relatively rare.

Habitats. An ubiquitous soil fungus, E. nidulans has been isolated most frequently from tropical and sub-
tropical climates (Domsch et al., 1980; Klich, 2002). This species has been used extensively in genetic
studies. It has been isolated from a wide variety of foods and from indoor environments (Pitt & Hock-
ing, 1997; Samson ef al., 2001).

Major Mycotoxins. Sterigmatocystin.
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Fig. 27. Emericella nidulans: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right col-
umn (top to bottom, left to right), conidial head, conidia, ascospores, SEM of conidia (x 8000), and SEM of asco-
spores (x 5000).
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Aspergillus niger Tiegh. — Figs. 28 and 41.
Ann. Sci. Nat. Bot sér. 5, 8: 240. 1867. Neotype CBS 554.65.
Subgenus: Circumdati Section: Nigri

Colony Diameters at 7 days, in mm: CYA25 55-70; MEA (30) 50-70; CY20S 68-70; CYA37 50-70; CZ
40-62.

Colony Colors and Textures. Conidial areas black to very dark brown and densely packed on CYA2S;
hyphae usually inconspicuous, white to dull yellow; sclerotia, when present, cream or buff to dull faint
pink; exudate uncolored when present; reverse uncolored to yellow; soluble pigment not observed col-
ony granular to floccose, sometimes radially sulcate. On MEA, conidial areas black; mycelium white
and inconspicuous; reverse uncolored; colonies granular to floccose. Colonies on CY20S similar to
those on CY A25 in appearance, but reverse colors generally more intense. Colonies on CYA37 and CZ
similar to CYA25 in appearance.

Microscopic Characteristics. Conidial heads radiate; stipes (300) 400-3000 x (7) 12-17 (20) um, walls
thick, smooth, hyaline to yellowish or slightly brown especially near the apices; vesicles (20) 30-75 (85)
um wide, nearly spherical; biseriate (very rarely uniseriate); metulae covering virtually the entire sur-
face of the vesicle, measuring 12-20 (40) x 3-6 pm, sometimes with a single septum; phialides 7-10 x 3-
4 um. Conidia globose, (3) 3.5-4.5 (5) um in diameter, usually very rough with irregular ridges and
bars, occasionally only finely roughened.

Distinguishing Features. This common species is characterized by its very dark brown to black colonies,
biseriate conidial heads with large vesicles, fairly long metulae, and irregularly roughened conidia.
Taxonomic References. Raper & Fennell, 1965; Al-Musallam, 1980; Klich & Pitt, 1988; Kozakiewicz,

1989; Tzean ef al., 1990; Pitt & Hocking, 1997; Samson et al., 2000.

Related Species. A. ficuum (Reich.) Thom & Church and 4. tubingensis Mosseray were placed in synon-
ymy with 4. niger by Al-Musallam (1980). Molecular data indicate that A. tubingensis is a separate
taxon (see Samson, 1994 for summary). Recent data on the validity of closely related species such as 4.
foetidus and A. awamori are conflicting. Until these conflicts are resolved, I have retained them as sepa-
rate species.

Habitats. This ubiquitous species is commonly isolated from soils, plant litter, plant rhizospheres, seeds,
dried fruits and nuts. It is one of the most commonly reported fungi from foods and indoor environ-
ments. (Domsch et al., 1980; Pitt & Hocking, 1997; Samson et al., 2001; Klich, 2002).

Major Mycotoxins. Ochratoxin A.
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Fig. 28. Aspergillus niger: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right column
(top to bottom, left to right), conidial head, conidial head, conidia, metulae and phialides, and SEM of conidia (x
8000).
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Aspergillus niveus Blochwitz — Fig. 29.

Ann. Mycol. 27: 205. 1929. Neotype IMI 171878.
Teleomorph: Fennellia nivea (Wiley & Simmons) Samson Stud. Mycol. 18: 5. 1979. Holotype QM 8942.

Subgenus: Nidulantes Section: Flavipedes

Colony Diameters at 7 days, in mm: CYA25 (15) 20-38; MEA (10) 23-38; CY20S (17) 30-53 (60);

CYA37 0 or 30-45 (57); CZ 16-30.

Colony Colors and Textures. Conidia on CYA25 white, yellowish white or pale yellow (3A2-3) to cream

colored; mycelium white, occasionally with bright yellow sectors, some with yellow Hiille cells; exu-
date uncolored, yellow gold, dull red, brown or green; reverse yellow brown to dark green; soluble pig-
ment yellow when present; colonies velutinous, plane or radially sulcate, dense. On MEA, conidia white
to dull orange white; mycelium white and inconspicuous or as a bright yellow basal felt, sometimes in
radial sectors; exudate absent or uncolored; reverse uncolored or in dull yellow to brown shades; colony
granular to floccose On CY20S, soluble pigment yellow to brown when present, no exudate observed,
other characters similar to those on CYA25. Colony colors and textures on CYA37 and CZ similar to
those on CYAZ2S.

Microscopic Characteristics. Conidial heads radiate to loosely columnar; stipes (80) 100-500 (1000) x

3-7 um, uncolored, walls smooth, thick on MEA, but often thin on CY A25, expanding into spathulate to
pyriform vesicles (5) 8-15 (18) um wide; predominantly biseriate, occasionally uniseriate and biseriate
condition on the same vesicle; metulae very crowded covering the upper one- to two-thirds of the vesi-
cle, (4) 5-9 x 2-3.5 um; phialides 5-8 x 2-3 um. Conidia (2) 2.5-3.5 pm in diameter, smooth-walled to
finely roughened, globose to subglobose. Hiille cells, when present, yellow, globose to elongate. Mature
cleistothecia not observed: fide Wiley & Fennell, 1973; on MEA, ascocarps yellowish, consisting of
one to several layers of thin-walled hyphae, asci 9.6-11.2 um, ascospores lenticular, hyaline to faintly
yellow, 4-5.6 x 3.2-4.8 um, with spinose walls, inconspicuous longitudinal grooves and two very low
longitudinal crests.

Distinguishing Features. A. niveus is one of two persistently white Aspergillus species. The most con-

spicuous difference between these two species is that the conidial heads of 4. niveus are fertile only on
the upper one-third to two-thirds of the vesicle, while those of 4. candidus are fertile over the entire
vesicle surface. Vesicle diameters are generally less than 15 um in A. niveus and larger in A. candidus.

Taxonomic References. Raper & Fennell, 1965; Wiley & Fennell, 1973; Wiley & Simmons, 1973; Sam-

son, 1979; Domsch et al., 1980; Klich & Pitt, 1988.

Common Synonym. Emericella nivea Wiley & Simmons. Samson (1979) transferred this species to

Fennellia.

Habitats. A. niveus is predominantly a soil fungus which appears to be widely distributed (Domsch ez al.,
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Fig. 29. Aspergillus niveus: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right col-
umn (top to bottom), conidial head, conidial head, conidia, and SEM of conidia (x 8000).
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Aspergillus ochraceus K. Wilh. — Figs. 30 and Se.
Beitr. Kenntn. Aspergillus 66. 1877. Neotype IMI 16247iv.
Subgenus: Circumdati Section: Circumdati

Colony Diameters at 7 days, in mm: CYA25 39-59; MEA 44-55 (57); CY20S 44-70; CYA37 0-35; CZ
22-42.

Colony Colors and Textures. Conidial colors on CYA25 near wheat (4-5A-B4-5) to ochraceus or buff;
mycelium white, inconspicuous to floccose; sclerotia, when present, in dull pink (flesh 6B3) to purplish
colors; exudate sometimes formed, uncolored, yellow or dull red; reverse dull yellow, greyish red or
brown; soluble pigment sometimes formed in colors similar to those of the reverse; colonies varying
from loosely floccose and plane to quite low and sulcate. On MEA, conidia not dense usually pale to
light yellow (3-4A3-5) or amber yellow (4B6); mycelium white, inconspicuous to floccose; reverse in
yellow, pale orange to greyish gold shades; colonies not densely sporulating, variable in appearance.
Colonies on CY20S similar to CYA25 in appearance except reverse usually in brown shades. On
CYA37, conidiation frequently sparse, colony dense and wrinkled, other characters similar to those on
CYA25. Colonies on CZ generally similar to those on CYA25 except soluble pigment not observed.

Microscopic Characteristics. Conidial heads radiate; stipes (100) 300-1700 um, walls slightly to
coarsely roughened, uncolored to yellowish or pale brown at the apices; vesicles globose to elongate
(12) 25-55 (80) um; biseriate with tightly packed metulae over the entire vesicle, measuring (5) 6-12
(30) x 2-6 um; phialides 7-12 (14) x 2-3 pm. Conidia (2) 2.5-3.5 (4.5) um, smooth to finely roughened,
spherical to broadly ellipsoidal, occasionally apiculate.

Distinguishing Features. Yellow-buff colored colonies, small (2.5-3.5 pm) nearly smooth conidia, and
pink to purple sclerotia are the major distinguishing characteristics for this species.

Taxonomic References. Raper & Fennell, 1965; Domsch et al., 1980; Christensen, 1982; Klich & Pitt,
1988; Kozakiewicz, 1989; Tzean et al., 1990; Pitt & Hocking, 1997; Samson et al., 2000.

Common Synonyms. The name A. alutaceus Berk. & Curt. predates 4. ochraceus (Samson & Gams,
1985), however, grounds exist for the conservation of A. ochraceus because it is such a commonly used
name, and because some doubt remains about the validity of the synonymy of these two species.

Habitats. The greatest proportion of reports of this common fungus are from tropical areas (latitudes 0-15
degrees) and desert soils, but it has also been reported from other soils, plant rhizospheres, stored seeds,
a wide range of foods, and indoor environments (Domsch et al., 1980; Pitt & Hocking, 1997; Samson et
al., 2001; Klich, 2002).

Major Mycotoxins. Penicillic acid, ochratoxin A, xanthomeginin, viomellein, vioxanthin.
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Fig. 30. Aspergillus ochraceus: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right
column (top to bottom), conidial head, conidia, and SEM of conidia (x 8000).
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Sclerocleista ornata (Raper et al.) Subram. — Figs. 31 and 3d.

Curr. Sci41: 757. 1972. Neotype IMI 55295
Anamorph: 4. ornatulus Samson & W. Gams. In Samson & Pitt, Adv. Penicillium Aspergillus System.: 45.
1985. Holotype. IMI 55295.

Subgenus: Ornati  Section: Ornati

Colony Diameters at 7 days, in mm: CYA25 8-27; MEA 40-70; CY20S 9-35; CYA37 no growth; CZ 8-
9.

Colony Colors and Textures. Conidia sparse on CYA2S5 light greenish yellow to olive bronze (near 5DS);
mycelium white; reverse uncolored or yellowish; colony very low, thin, plane, granular. On MEA, co-
nidia variable in abundance, olive brown (4D8); mycelium white; cleistothecia white at one week, pur-
ple in age; exudate absent; reverse uncolored, pale yellow or dull brown. Colonies on CY20S similar to
those CYA25 except conidia more abundant, olive yellow (3C5-6) to olive bronze (5D8) and reverse
coloration often in deeper yellows. Colonies on CZ very thin, similar to CYA25

Microscopic Characteristics. Conidial heads radiate; stipes (150) 200-500 (850) x 7-15 (18) pm, uncol-
ored, smooth-walled; vesicles usually spathulate to clavate, sometimes pyriform, 12-30(-35) um wide;
uniseriate, phialides 8-12 (15) x 4.5-6 (7) um, relatively few in number, borne over at least the upper
three fourths of the vesicle. Conidia ovoid, ellipsoidal, pyriform, or sometimes apiculate (6.5) 8-11 (12)
x 5-7 um, walls very rough. Cleistothecia (100) 200-500 (600) um, initially white, becoming purple in
2-3 weeks, wall consisting of polyhedral cells enveloped in branching hyphae. Asci abundant at 2
weeks, globose, 12-15 um, 8-spored, dehiscing slowly. Ascospores lenticular, uncolored to pale brown,
7.5-10 x 5-6 pm, with several thin irregularly arranged crests.

Distinguishing Features. Colony diameters on MEA twice those on CYA, very large (8-11 pm) ovoid to
ellipsoidal rough-walled conidia and purple cleistothecia with ascospores producing several irregularly
arranged crests are the distinctive characters for this species.

Taxonomic References. Raper & Fennell, 1965; Klich & Pitt, 1988.

Common Synonyms. 4. ornatus Raper, Fennell & Tresner. This name is invalid because the species de-
scription included the teleomorph.

Habitats. This species is relatively rare, but has been isolated from soils (Raper & Fennell, 1965). Most
reports are from forest soils in latitudes between 36 and 46 degrees (Klich, 2002).
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Fig. 31. Sclerocleista ornata: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right col-
umn (top to bottom, left to right), conidial head, conidia, ascospores, SEM of conidia (x 8000), and SEM of asco-
spores (x 8000).
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Aspergillus oryzae (Ahlburg) Cohn — Figs. 32 and 3/.
Jahresber. Schles. Ges. Vaterl. Kult. 61: 226. 1884. Neotype IMI 167226.
Subgenus: Circumdati Section: Flavi

Colony Diameters at 7 days, in mm: CYA25 55-70; MEA 60-70; CY20S (50) 60-70; CYA37 50-65; CZ
39-65.

Colony Colors and Textures. Conidia on CYA2S5 greyish yellow to olive brown (4C-D4-7); mycelium
dense, white to cream; dark sclerotia occasionally formed; reverse uncolored pale brown or greyish yel-
low (4B-C5-6); colonies lanose to floccose. On MEA, conidia often sparse, greyish yellow (3C-D4-5);
mycelium white; reverse uncolored or dull yellow; colonies floccose, mycelium not as dense as on
CYA25. On CY20S conidia variable in abundance, olive yellow, greyish yellow or olive (3C-D3-5), oc-
casionally olive brown (4D6); mycelium white, dense; reverse uncolored to yellow; colonies usually
floccose. Colonies on CYA37 usually forming few conidia, which are sometimes more brown than on
CYA25 (5C-D4), colonies usually floccose, other characters similar to those on CY A25. Conidia on CZ
olive to olive brown (3C-D4, 4B3-4), frequently floccose, other characters as on CYA25.

Microscopic Characteristics. Conidial heads radiate to loosely columnar; stipes 500-2500 (5000) x 10-
25 (35) um, walls uncolored, usually finely rough to rough; vesicles pyriform, clavate to subglobose, (8)
22-50 (90) um wide; highly variable in seriation, some isolates predominantly uniseriate, others pre-
dominantly biseriate; metulae or phialides covering half or more of the surface of the vesicle; metulae
(2) 8-12 (15) x 4-6 pm; phialides 8-12 (15) x 3-5 um. Conidia smooth to finely roughened, occasionally
spinose when first formed; globose to ovoid, sometimes ellipsoidal; (3.5) 4-8.5 (10) pm in length.

Distinguishing Features. Colonies of this species spread broadly on all media, and are usually floccose in
greyish yellow to olive colors. 4. oryzae may be distinguished from 4. flavus by the floccose texture,
more olive colors of conidial heads which are less dense than those of 4. flavus, and generally larger co-
nidia.

Taxonomic References. Raper & Fennell, 1965; Domsch et al., 1980; Christensen, 1981; Klich & Pitt,
1985; Kurtzman et al., 1986; Klich & Mullaney, 1987; Klich & Pitt, 1988; Kozakiewicz, 1989; Tzean et
al., 1990; Samson et al., 2000.

Note. 4. oryzae (Ahlb.) Cohn var. effusus (Tiraboschi) Ohara was described as having an extremely floccu-
lent growth habit and conidia predominantly 4.5-5.5 um. The flocculent habit and smaller conidia repre-
sented the ends of a continuum rather than consistent, reliable differences between A4. oryzae var. oryzae
and A. oryzae var. effusus.

Habitats. 4. oryzae has been reported from soils, vegetative plant parts, seeds, and cotton fabric. It is used
in food fermentations in production of saki, shoyu, miso, and soy sauce and as a source of industrial en-
zymes (Domsch et al., 1980; Bennett and Klich, 1992). In soils it is tropical in distribution (latitudes O-
25) and is reported with high relative frequencies in studies of wetland soils (Klich, 2002).

Major Mycotoxins. Cyclopiazonic acid, 3 nitropropionic acid.
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Fig. 32. Aspergillus oryzae: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right col-
umn (top to bottom), conidial head, conidial head, conidia, and SEM of conidia (x 3000).

71



Maren A. Klich

Aspergillus ostianus Wehmer Figs. 33 and 3f.

Bot. Centbl. 80: 461. 1899. Neotype IMI 15960.

Subgenus: Circumdati  Section: Circumdati

Colony Diameters at 7 days, in mm: CYA25 38-50 (52); MEA 40-50 (58); CY20S (48) 50-60 (70);

CYA37 0-15 (35); CZ 20-30.

Colony Colors and Textures. Conidia on CYA2S5 pale yellow near margin, centrally buff or reddish blond

to clay (5C-D4-7); mycelium white; exudate uncolored to dark brown, produced by most isolates ob-
served; sclerotia, when present, usually inconspicuous, white or colored as conidia; reverse uncolored,
brownish orange (7C-E5-6), or shell pink (8A3); soluble pigment sometimes produced, pinkish to
brown; colonies low velutinous, plane or radially sulcate. On MEA, conidia slightly more buff than pas-
tel yellow (4A3), butter yellow (4AS5) or amber yellow (4B6); mycelium white, inconspicuous; reverse
usually near amber yellow (4B6); colonies low, conidial heads uncrowded. Conidia on CY20S gold to
yellow buff; reverse brown; exudate absent; colonies granular to floccose, plane or wrinkled. On
CYA37, conidia absent or sparse; exudate usually absent; colonies low dense mounds, sometimes wrin-
kled; other characters as on CYA25. On CZ, colony morphology similar to that on CYA25 except exu-
date and soluble pigment less abundant.

Microscopic Characteristics. Conidial heads predominantly radiate; stipes (250) 400-800 (3000) x 7-12

(16) um, with rough, thick walls which are uncolored to gold; vesicles (12) 20-40 (45) pm wide, nearly
spherical to somewhat elongate; biseriate; metulae covering almost the entire surface of the vesicle,
variable in size, 7-15 (25) x 3-8 pm; phialides 8-10 (11) x 2.5-3 um. Conidia variable in shape, most
subglobose, some ovoid, ellipsoidal or pyriform; globose conidia usually with smooth to finely rough-
ened walls, (3.5) 4-5 (7) um; elongate conidia usually finely roughened, 4-6 x 3-3.5 um.

Distinguishing Features. This species is distinguished by pale yellow to yellow buff colored colonies with

long-stiped conidiophores producing conidia which are usually 4-5 um in diameter. Sclerotia are fre-
quently produced and are cream to clay in color.

Taxonomic References. Raper & Fennell, 1965; Christensen, 1982; Klich & Pitt, 1988; Kozakiewicz,

1989; Tzean et al., 1990.

Habitats. This species has been reported from animal feed, chicory seed (Christensen, 1982) and gram (Ci-

cer) seed in storage (Deo & Gupta, 1980).

Major Mycotoxins. Ochratoxin A, penicillic acid.
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Fig. 33. Aspergillus ostianus: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right col-
umn (top to bottom), conidial head, metulae and phialides, conidia, and SEM of conidia (x 8000).
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Aspergillus paradoxus Fennell & Raper — Figs. 34 and 3c.

Mycologia 47: 69. 1955. Neotype IMI 117502
Teleomorph: Hemicarpenteles paradoxus Sarbhoy & Elphick in Trans. Br. mycol. Soc. 51: 156. 1968.
Neotype IMI 61446.

Subgenus: Ornati  Section: Ornati

Colony Diameters at 7 days, in mm: CYA25 25-55; MEA (25) 35-55 (60); CY20S (15) 25-55 (60);

CYA37 no growth; CZ 15-30.

Colony Colors and Textures. Conidia on CYAZ2S sparse, dull grey green to blue green (24D2-3, 28D2-3)

or absent; mycelium white or pale yellow; sclerotia/cleistothecia cream to yellow when present; exudate
occasionally formed, uncolored to yellow; reverse usually bright yellow (3-4A-B8); soluble pigment
bright yellow; colony texture variable. On MEA, conidia sparse or absent; mycelium white; scle-
rotia/cleistothecia cream colored when present; reverse and soluble pigment uncolored to yellow (3A6-
7); colony velutinous to floccose, plane. On CY20S, conidia often more abundant than on CYA25 in
greyish green colors (27B-C2-3); reverse and soluble pigment sometimes uncolored, otherwise bright
yellow. On CZ, conidia absent, reverse uncolored to yellow (3A3), soluble pigment yellow when pre-
sent, colony dense, lanose, plane.

Microscopic Characteristics. Conidial heads loosely columnar to radiate; stipes (100) 500-1000 (1500)

x (6) 10-20 um, walls usually uncolored and finely roughened; vesicles clavate to spathulate (10) 15-35
(45) um; uniseriate; phialides covering the upper two-thirds of the vesicle (extending 10-30 pm from
apex), (8) 9-12 x 4-6 um. Conidia ellipsoidal, ovoid or apiculate, occasionally spherical, (4) 5-7 x (3) 4-
5 um, walls smooth to finely roughened. Mature cleistothecia not observed: fide Sarbhoy & Elphick
(1968); maturing in 20-30 days; walls composed of 2-3 layers of sclerenchymatous cells surrounded by
a thin network of hyaline hyphae; asci globose to ovoid, 8-10 um, 8-spored; ascospores lenticular, 4.5-
5.5 x 3-3.5 um, smooth-walled with two longitudinal crests which are less than 1 um wide.

Distinguishing Features. A. paradoxus is characterized by its sparse conidial formation on most media,

bright yellow reverse and soluble pigment, and large ellipsoidal conidia.

Taxonomic References. Raper & Fennell, 1965; Sarbhoy & Elphick, 1968; Klich & Pitt, 1988.
Habitats. This uncommon species has been isolated from opossum dung, and soil (Fennell & Raper, 1955;
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Fig. 34. Aspergillus paradoxus: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right
coloumn (top to bottom), conidial head with lateral phialides, conidia, and SEM of conidia (x 8000).
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Aspergillus parasiticus Speare — Figs. 35 and 3k.
Bull. Div. Pathol. Physiol. Hawaiian Sugar Planters' Assoc. Exp. Stn.12: 38. 1912. Neotype IMI 15957ix.

Subgenus: Circumdati Section: Flavi

Colony Diameters at 7 days, in mm: CYA2S (50) 60-70; MEA (45) 60-70; CY20S 60-70; CYA37 (40)
50-70; CZ 45-65.

Colony Colors and Textures. Conidia on CYAZ2S5 dark olive (1-3E-F5-8) or deep dark green (29-30D-F6-
8); mycelium white, usually inconspicuous; sclerotia occasionally formed, brown to black; exudate hya-
line when present; reverse uncolored, dull pinkish-red or dull yellow, sometimes brown; colonies usu-
ally quite low, velutinous, some isolates becoming floccose. On MEA, conidial areas olive or dark
green (29-2E-F7-8); mycelium usually inconspicuous, occasionally with floccose tufts; brown to black
sclerotia occasionally formed; reverse uncolored or in dull yellow to dull green shades; colonies floc-
cose, not dense. Colonies on CY20S generally slightly more yellow-green than on CYA25; colonies
similar in appearance to those on CY A25 except colony reverse in yellow, orange or even drab green
shades. On CYA37, exudate absent; yellow to brown soluble pigment sometimes formed; other charac-
ters as on CYA25. Colonies on CZ tend to be more velutinous than on CY A25, other characters similar
to those on CYA2S.

Microscopic Characteristics. Conidial heads usually radiate; stipes (100) 250-500 (1100) um, walls
finely roughened to very rough, colorless; vesicles (10) 20-35 (40) um wide, spherical or slightly elon-
gate; predominantly uniseriate, up to 20% biseriate in some isolates; metulae, if present, 7-10 (14) x 3-
7 um; phialides (7) 8-11 x 3-5 (7) pum, metulae or phialides covering at least half of the vesicle. Conidia
globose, 3.5-6 (7) um in diameter, distinctly rough-walled.

Distinguishing Features. Dark yellow green conidial areas, predominantly uniseriate conidial heads with
nearly spherical vesicles producing distinctly roughened conidia 3.5-6 pm in diameter, separate this spe-
cies from others. A. parasiticus may be distinguished from 4. sojae by its smaller conidia, usually
velutinous texture, and dark green colony color. Growth rate on antibiotic media also distinguishes it
from A. sojae (Klich & Mullaney, 1989). 4. parasiticus may be readily distinguished from A. flavus by
its rough-walled conidia.

Taxonomic References. Raper & Fennell, 1965; Murakami, 1971; Christensen, 1981; Klich & Pitt, 1985;
Klich & Pitt, 1988; Kozakiewicz, 1989; Tzean et al., 1990; Pitt & Hocking, 1997; Samson et al., 2000.

Habitats. A. parasiticus has been reported occasionally from a variety of soils. Lack of reported isolations
may be due in part to failure of investigators to differentiate A. parasiticus from A. flavus. It has been
isolated more frequently from seeds, other plant parts, and insects (Domsch et al., 1980; Diener et al.,
1987; Klich, 2002).

Major Mycotoxins. Aflatoxin B; B, G| G».
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Fig. 35. Aspergillus parasiticus: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right
column (top to bottom) conidial head, conidia, and SEM of conidia (x 8000).
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Aspergillus penicillioides Speg. — Fig. 36.
Revista Fac. Agron. Univ. Nac. La. Plata 2: 246. 1896. Neotype IMI 211392.
Subgenus: Aspergillus Section: Restricti

Colony Diameters at 7 days, in mm: CYAZ2S5 2-8; MEA (1) 2-5; CY20S 4-12; CYA37 no growth; CZ 3-4.

Colony Colors and Textures. On CYA25 and MEA, sporulation generally poor, dull pale green (25-29A-
B3-4); mycelium white; reverse uncolored to pale yellow or brownish; colonies dense, velutinous, plane
to sulcate. Conidia on CY20S dull green to slightly blue green (24-26C-D3-4); mycelium dense white;
reverse pale, grey or dark green. On CZ, no conidia observed; mycelium white, dense or thin; reverse
uncolored; colonies low, velutinous.

Microscopic Characteristics. Conidial heads usually radiate; stipes (70) 150-500 (750) um, uncolored,
smooth-walled, with subglobose to spathulate vesicles (7) 9-25 um in diameter; uniseriate, phialides (6)
7-10 (11) um covering more than half of the vesicle. Conidia subspherical to ellipsoidal, finely rough to
rough-walled; ellipsoidal conidia 3-5.5 (6) x 3-4 um, spherical conidia 3-5 pm.

Distinguishing Features. The small colony diameters on all media, and generally poor sporulation distin-
guish this species from most other aspergilli. It differs from A. restrictus, a similar species, by producing
vesicles with phialides covering more than half the vesicular area, and by producing conidia borne as el-
lipses rather than cylinders.

Taxonomic References. Raper & Fennell, 1965; Klich & Pitt, 1988; Kozakiewicz, 1989; Tzean et al.,
1990; Pitt & Hocking, 1997; Samson et al., 2000.

Habitats. A. penicillioides is a xerophilic fungus that grows very poorly on the usual laboratory media, and
is easily overlooked. Reports in the literature are quite rare. However, if suitable media are used, the
species can be recovered in large numbers from a variety of dried foods such as spices and cereals
(Hocking, 1981) and from indoor environments (Samson et al., 2001). It has been reported as a human
pathogen (Raper & Fennell, 1965). It has been reported from soils (Behera & Mukerji, 1984).
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Fig. 36. Aspergillus penicillioides: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right
column (top to bottom), conidial head, conidia, and SEM of conidia (x 8000).
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Aspergillus puniceus Kwon-Chung & Fennell — Fig. 37.
In Raper & Fennell, Genus Aspergillus: 547. 1965. Neotype IMI 126692.

Subgenus: Nidulantes Section: Usti

Colony Diameters at 7 days, in mm: CYA25 30-45; MEA 24-45; CY20S 22-47; CYA37 0-8; CZ 25-35.

Colony Colors and Textures. Conidia not abundant on CYAZ2S5, overall color pale orange, “flesh” (6B3)
to dull pink (8 A-C2-3); mycelium white to grey, tan or pale yellow, in a thick mat; Hiille cells, if pre-
sent, dull yellowish to gold; exudate, occasionally formed, in uncolored to brown or dark red; reverse
golden brown to red brown; yellow to yellow brown soluble pigment occasionally present; colonies
dense, wrinkled or radially sulcate. On MEA, conidia brownish orange (7C4) to light brown (6D6), be-
coming dark green (30F5) or olive (3D3) in age; mycelium white, inconspicuous to floccose with scat-
tered knots of white to dull gold Hiille cells; reverse in dull greyish yellow to olive colors; texture vari-
able. Colonies on CY20S similar to those on CYA2S in appearance except exudate absent and reverse
tending to be orange, red or yellow in some isolates. Colonies on CYA37 consisting of dense mounds
with white to pale orange-yellow colors predominating. Colony characters on CZ similar to those on
CYAZ2sS.

Microscopic Characteristics. Conidial heads radiate to loosely columnar; stipes in two ranges, 100-250
(400) x 4-7 pm, or 30-80 x 4-6 pm, walls smooth, brown; vesicles nearly spherical to pyriform or
spathulate, 7-18 (22) um wide; biseriate, metulae covering three-fourths to all of the vesicle, 4-7 x 3-4
(4.5) wm; phialides 4-7 x 2.5-3 (4) um. Conidia spherical, (2.5) 3-4 (4.5) um in diameter, spinulose, ap-
pearing finely roughened to quite rough. Hiille cells often present, generally irregular and elongate.

Distinguishing Features. The drab-colored sporulating areas are the most distinctive feature of 4. pu-
niceus. The vesicles are nearly spherical, and conidia 3-4 pm in length. Elongate Hiille cells are often
evident. 4. puniceus may be distinguished from A. ustus by its pinkish color on CYA25.

Taxonomic References. Raper & Fennell, 1965; Klich & Pitt, 1988; Kozakiewicz, 1989.

Habitats. 4. puniceus is relatively uncommon and has been isolated predominantly from soils in tropical to
warm-temperate zones (Raper & Fennell, 1965; Kamal & Kumar, 1979; Klich, 2002).
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Fig. 37. Aspergillus puniceus: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right col-
umn (top to bottom), conidial heads, Hiille cell, conidia, and SEM of conidia (x 8000).
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Emericella quadrilineata (Thom & Raper) C.R. Benjamin — Fig. 38.

Mycologia 47: 680. 1955. Neotype IMI 89351.
Anamorph: 4. tetrazonus (Thom & Raper) Samson & W. Gams in Samson & Pitt, Adv. Penicil-
lium Aspergillus System.: 48. 1985. Holotype IMI 89351.

Subgenus: Nidulantes Section: Nidulantes

Colony Diameters at 7 days, in mm: CYA25 (37) 40-65; MEA (29) 35-65 (67); CY20S 45-65; CYA37

(55) 60-70; CZ 40-52.

Colony Colors and Textures. Conidia sparse on CYAZ2S5, usually only in the center of the colony dull

green to grey green (27-30C-D2-4); mycelium white to greyish, cleistothecial areas pale buffto dull yel-
low (4A3); exudate uncolored when present; reverse usually orange brown, red brown or purple brown;
soluble pigment, if present, yellow brown, red brown or pink; colony low, velutinous, plane to sulcate.
On MEA, conidia not abundant, sometimes only at the colony center, dull green to greyish green (26-
28D-E3-5); white inconspicuous mycelium, dull yellow cleistothecial areas; reverse uncolored to dull
brownish yellow, sometimes with yellow soluble pigment; colonies low, velutinous, plane, often with
fimbriate margins. Few conidia formed on CY20S; mycelium white to buff, cleistothecial areas dull yel-
low; reverse in dark brown, red brown to purple brown colors, sometimes spreading as soluble pigment;
colonies low, sulcate. On CYAZ37, conidia scattered, exudate absent, otherwise similar to colonies on
CYA2S5. Morphology on CZ similar to that on CYA2S.

Microscopic Characteristics. Conidial heads radiate to columnar; stipes (25) 40-120 (200) x 4-6 pm,

smooth-walled, brown at maturity, expanding into pyriform vesicles (6) 8-12 (15) um in diameter; bise-
riate; metulae (4) 5-7 (8) x 2.5-4 um, covering only the upper third to half of the vesicle; phialides 5-8 x
2.0-3.5 (4) um. Conidia 2.5-4 pm, spherical, smooth to finely roughened. Cleistothecia globose (90)
100-250 (300) pm in diameter, walls brownish red at maturity, consisting of tightly packed hyphae.
Hiille cells globose, 10-30 um in diameter, yellowish en masse. Asci globose 10-12 pm, 8-spored, de-
hiscent. Ascospores maturing within two weeks, red, lenticular, 4.5-6 x 3.5-4 um, smooth-walled, with
4 short crests (<1 pm), two of these are very obvious, two quite indistinct.

Distinguishing Features. This species is distinguished by brown-stiped biseriate conidial heads, cleisto-

thecia with globose Hiille cells containing red, smooth-walled ascospores each with 4 short longitudinal
crests. E. quadrilineata may be distinguished from E. nidulans by the presence of 4 crests on the asco-
spores, and from E. rugulosa by its faster growth rates.

Taxonomic References. Raper & Fennell, 1965; Klich & Pitt, 1988.
Common Synonyms. 4. quadrilineatus Raper & Thom. This name is invalid because the species descrip-

tion included the teleomorph.

Habitats. Like other Emericella species, E. quadrilineata is a soil fungus of widespread distribution

(Raper & Fennell, 1965), reported at relatively high frequencies in the 26-35 degree latitude range
(Klich, 2002).

Major Mycotoxins. Sterigmatocystin.
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Fig. 38 . Emericella quadrilineata: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days;
right column (top to bottom, left to right), conidial head, conidia, hiille cell, ascospores, SEM of conidia (x 8000),
and SEM of ascospores (x 5000).
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Aspergillus restrictus G. Smith — Fig. 39.
J. Textile Inst. 22: T115. 1931. Neotype IMI 16267.
Subgenus: Aspergillus Section: Restricti

Colony Diameters at 7 days, in mm: CYA25 (4) 8-12; MEA (3) 6-12; CY20S (11) 16-25; CYA37 no
growth or germination only; CZ 5-7.

Colony Colors and Textures. Conidia on CYAZ2S dull green (30D-E3), grey green (26-27C-E3), to dark
green (26F8); mycelium white or inconspicuous; reverse uncolored to brown or dark grey-green (27D3-
4); exudate absent; colonies velutinous, sometimes centrally floccose, dense, often with fimbriate mar-
gins. On MEA, conidia dull to dark green (26-30C-F8); mycelium white; reverse uncolored to dark
green (27F3-4); colony velutinous with an irregular margin. Conidia on CY20S dark green (27-30F8),
or dark turquoise (24F8), other characters as on CYA25. On CZ, conidia dark green (26-28F8), myce-
lium inconspicuous, reverse uncolored to dark grey-green (27D3), colonies low, dense, plane.

Microscopic Characteristics. Conidial heads columnar; stipes (70) 80-200 (320) x 4-8 um, walls smooth
or finely roughened, uncolored, expanding into pyriform or hemispherical vesicles (6) 8-21 (25) um
wide; uniseriate; phialides (7) 8-10 (12) x 2-3.0 (4) um, covering only the upper quarter to third of the
vesicle. Conidia variable in shape, often nearly cylindrical when borne, at maturity ellipsoidal or pyri-
form, usually rough-walled, 4-7 (10) x 3-4 (5.5) um.

Distinguishing Features. Together with A. penicillioides, A. restrictus is distinguished from most other
green-spored aspergilli by very slow growth (< 15 mm in diameter) on both CYA25 and MEA, and
rarely exceeding 20 mm in diameter on CY20S. 4. penicillioides are even more restricted on CYA25
and MEA than 4. restrictus, rarely exceeding 8 mm in diameter at seven days. The phialides of 4. re-
strictus are all on the upper portion of the vesicles, yielding columnar heads. 4. penicillioides has phi-
alides on a greater proportion of the vesicle than A. restrictus, and the conidial heads are usually radiate
when young. Conidia of 4. restrictus are usually borne as cylinders, whereas those of A. penicillioides
are borne as ellipsoids.

Taxonomic References. Raper & Fennell, 1965; Klich & Pitt, 1988; Kozakiewicz, 1989; Pitt & Hocking,
1997.

Habitats. 4. restrictus is a slow growing fungus, often overlooked in surveys. It has been isolated from a
variety of substrates including; indoor environments, soil, seeds, cotton goods, fruit juices and from air
(Domsch et al., 1980; Samson et al., 2001). It has been reported at higher relative frequencies in studies
from desert soils and at latitude ranges of 0-15 and 26-35 than in studies from other latitudes or biomes
(Klich, 2002).
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Fig. 39. Aspergillus restrictus: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right
column (top to bottom), conidial head, conidia, and SEM of conidia (x 8000).
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Emericella rugulosa (Thom & Raper) C.R. Benjamin — Fig. 40.

Mycologia 47: 680. 1955. Neotype IMI 136775.
Anamorph: 4. rugulovalvus (Thom & Raper) Samson & W. Gams in Samson & Pitt, Adv. Penicillium
Aspergillus System.: 49. 1985. Holotype IMI 136775.

Subgenus: Nidulantes Section: Nidulantes

Colony Diameters at 7 days, in mm: CYA25 10-17 (33); MEA 12-20 (42); CY20S 12-20 (31); CYA37
53-60 (70); CZ 14-20 (26).

Colony Colors and Textures. Conidia on CYA2S5 dull greyish green (28-30B-E3-7); mycelium white with
dull yellow to yellow Hiille cells embedded in the mycelium and surrounding the cleistothecia which are
pale at first but become dull red in age; exudate, when present, uncolored to reddish brown or vina-
ceous; reverse uncolored to yellowish- reddish- or orangish- brown; soluble pigment occasionally pre-
sent, brown to yellow brown or orange brown; colonies velutinous, plane or radially sulcate, usually
umbonate. On MEA, conidia usually dark green (27-30F8), occasionally grey green (28C3); mycelium
inconspicuous, white; scattered yellowish Hiille cells visible surrounding cleistothecia; cleistothecia
usually pale at one week, but reddish at two weeks; greyish yellow to brownish orange reverse (2C3, 4-
5C5-6); colony low velutinous, often with an irregular margin. Colony colors on CY20S similar to those
on CYA25, except exudate absent and reverse generally brown (5-6C-F4-8). Exudate absent on CYA37,
other characters similar to those on CYA25. On CZ, colonies grey green to olive (4D4-5); exudate ab-
sent; reverse generally dark brown, other characters similar to those on CYA2S5.

Microscopic Characteristics. Conidial heads often radiate on CY A25, usually columnar on MEA. Stipes
(40) 60-100 (180) x 4-6 (7) um, walls smooth, becoming brown in age; vesicles (4) 8-12 (14) um wide,
pyriform or spathulate; biseriate, metulae covering upper one third to two thirds of the vesicle, 4-7 (8) x
2-3.5 (4) pm; phialides 5-8 (9) x 2-3 pm. Conidia 3-4 um, globose, walls finely roughened to very
rough. Cleistothecia spherical, (80) 100-200 (300) um in diameter, wall thick, consisting of a layer of
irregular cells surrounded by several layers of tightly packed hyphae, reddish in color, surrounded in
turn by Hiille cells 12-22 um in diameter, globose to subglobose, yellow to tan en masse. Asci 8-
spored, 8-14 um in diameter, dehiscent. Ascospores usually maturing within two weeks, broadly len-
ticular (walnut-shaped), 5-6.5 x 3-4.5 um, red, walls usually extremely rough, but smooth in some iso-
lates, with two longitudinal crests about 1 pm high.

Distinguishing Features. Red ascospores with 2 longitudinal crests, conidiophores with short brown sti-
pes, and colony diameters at 37° usually greater than that on any media at 25° make this a very distinc-
tive species. Colony diameters on CYA25 and MEA are usually smaller than those on the other common
Emericella species E. nidulans and E. quadrilineata.

Taxonomic References. Raper & Fennell, 1965; Christensen & States, 1982; Klich & Pitt, 1988; Klich et
al.,2001.

Common Synonyms. 4. rugulosus Thom & Raper. This name is invalid because the species description
included the teleomorph.

Habitats. E. rugulosa is known primarily from soils in latitudes from 16-35 degrees (Domsch et al., 1980;
Klich, 2002).

Major Mycotoxins. Sterigmatocystin.
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Fig. 40. Emericella rugulosa: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right col-
umn (top to bottom, left to right), conidial head, conidial head with Hiille cell, asci, ascospores, conidia, SEM of as-
cospores (x 8000), and SEM of conidia (x 8000).
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Aspergillus sclerotiorum Huber — Fig. 41.

Phytopathology 23: 306. 1933. Neotype IMI 56673.

Subgenus: Circumdati  Section: Circumdati

Colony Diameters at 7 days, in mm: CYAZ2S5 (40) 45-60; MEA 45-56; CY20S 60-70; CYA37 (16) 20-30

(35); CZ 32-37.

Colony Colors and Textures. Conidia on CYA2S5 pastel yellow to light yellow (3A3-4, 4A3-4); mycelium

white; exudate clear to amber; sclerotia usually formed, white to buff; reverse cream, pale yellow or
greyish yellow; soluble pigment absent or pale orange; colony texture variable. Conidia on MEA pale to
light yellow (3-4A2-4); mycelium white, not dense; sclerotia white to buff; reverse in light yellow
shades to dark brown shades; granular. Conidia and mycelium on CY20S colored as on CYA25; reverse
bright yellow (3A3-7), lake red (9C8), or orange red (7-8B8); no exudate observed; soluble pigment
sometimes formed, orange; colony texture variable. Conidia absent on CYA37, exudate and reverse pale
yellow, peach or brown, other characters as on CYA2S5. Colonies low, dense, velutinous to lanose on
CZ, other characters as on CYAZ25.

Microscopic Characteristics. Conidial heads radiate, sometimes splitting into columns; stipes rough-

walled, yellow to pale brown, measuring (200) 400-1200 (2000) x (5) 7-10 um; vesicles 17-35 (40) pm
wide, pyriform, spherical to elongate; biseriate, metulae usually covering the entire vesicle surface,
measuring (6) 7-12 x 3-5 um; phialides 6-8 x 2-3 um. Diminutive conidial heads often present, also usu-
ally biseriate. Conidia spherical, (2) 2.5-3 (3.5) um in diameter, smooth to finely roughened.

Distinguishing Features. This species is distinguished by pale yellow conidia, yellow reverse coloration

on MEA, small (2.5-3 um) smooth-walled conidia, and white to buff-colored sclerotia.

Taxonomic References. Raper & Fennell, 1965; Domsch et al., 1980; Christensen, 1982; Klich & Pitt,

1988; Kozakiewicz, 1989; Tzean et al., 1990.

Habitats. 4. sclerotiorum is predominantly a soil fungus isolated most frequently from tropical and sub-

tropical zones (Domsch et al., 1980). It has been reported at greater than expected frequencies in desert
soils and in the 36-45 degree latitude range (Klich, 2002).

Major Mycotoxins. Ochratoxin A, penicillic acid.
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Fig. 41. Aspergillus sclerotiorum: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right
column (top to bottom), conidial head, conidia, and SEM of conidia (x 8000).
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Aspergillus sojae Sakaguchi & Yamada ex Murak — Figs. 42 and 4a.

Rep. Res. Inst. Brewing 143: 8. 1971. Neotype IMI 1791300
Subgenus: Circumdati Section: Flavi

Colony Diameters at 7 days, in mm: CYA25 60-70; MEA 60-70; CY20S 60-70; CYA37 45-70; CZ 50-
60.

Colony Colors and Textures. Conidia on CYAZ2S5 dark olive brown to yellowish brown or raw umber (3-
5E-F7-8); mycelium white, inconspicuous to dense and floccose; exudate uncolored when present; re-
verse uncolored to pale greyish brown; colony texture variable, granular to deeply floccose. On MEA,
conidia dark green (28-29E-F7-8) to olive (1-2E-F8); mycelium white, inconspicuous; reverse uncol-
ored to slightly grey green; colony not dense, with inconspicuous hyphae giving rise to conidiophores of
varying lengths, colonies occasionally lightly floccose. Conidia on CY20S usually olive yellow to olive
(3D-E6,7) or olive brown (4D-E7); other characters similar to those on CYA25 except reverse in dull
yellow shades rather than browns. Colony colors on CYA37 often slightly more citrine than on CYA2S5;
no exudate; brown to yellow-brown soluble pigment; colony textures as on CYA25. Conidia olive green
(1-2D-E8) on CZ, other characters similar to those on CYA2S.

Microscopic Characteristics. Conidial heads radiate to loosely columnar; stipes (100) 300-900 (1400)
um, walls smooth to rough, uncolored; vesicles (10) 17-35 (50) um, pyriform to globose, rarely clavate;
predominantly uniseriate, some of the larger ones biseriate; metulae, when present, (8) 10-15 x 5-9
um; phialides 9-12 (14) x 4-6 um. Conidia (4.5) 5.5-7 (13) um in diameter, spherical, rough-walled.

Distinguishing Features. This species is distinguished by its olive brown colors on CYA2S5, predomi-
nantly uniseriate conidial heads, and large rough-walled conidia. 4. sojae may usually be distinguished
from A. parasiticus by its olive brown conidial colors in age, larger conidia, and more floccose colonies.
Growth on antibiotic-containing media has also proved useful in distinguishing 4. sojae from A.
parasiticus (Klich & Mullaney, 1989).

Taxonomic References. Murakami, 1971; Christensen, 1982; Klich & Pitt, 1985; Klich & Pitt, 1988;
Klich & Mullaney, 1989.

Habitats. With one exception, 4. sojae is known only from koji fermentations.
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Fig. 42. Aspergillus sojae: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right column
(top to bottom), conidial head, conidia, and SEM of conidia (x 3000).
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Aspergillus sparsus Raper & Thom — Fig. 43.
Mycologia 36: 572. 1944. Neotype IMI 19394.
Subgenus: Circumdati  Section: Sparsi

Colony Diameters at 7 days, in mm: CYA25 20-30; MEA 15-25; CY20S 20-30; CYA37 0-28; CZ 20-30.

Colony Colors and Textures. Conidia on CYA2S5 very sparse, dull greenish tan; mycelium dense white to
grey brown; reverse dull brown to orange brown; soluble pigment brownish yellow when present; colo-
nies lanose or with tufts or sectors of floccose hyphae. On MEA, conidia absent or cream-buff when
present; mycelium white to cream; reverse in bright yellow to burnt orange colors; soluble pigment ab-
sent or yellow to orange-brown; colony plane, velutinous to floccose. Colonies on CY20S producing
few cream to pale greenish-tan conidia, other characters similar to those on CY A25. Conidia absent or
buffin color on CYA37, mycelium white to dull grey brown; reverse uncolored to dull brown. Colonies
on CZ inconspicuous, thin, almost invisible or with cream to white mycelium and gold reverse.

Microscopic Characteristics. Conidial heads radiate; stipes 250-500 (1500) pm, almost uncolored to red
brown with rough walls; vesicles globose to slightly elongate, (13) 20-40 (50) um wide; biseriate; me-
tulae 7-10 x 3-6 um, covering the entire surface of the vesicle; phialides (5) 6-8 x 2.5-4 um. Conidia 3-
4 (5.5) um, globose to very broadly ellipsoidal, smooth to very finely roughened. The bases of the stipes
of this species are enmeshed in a network of distinctive ‘feeder' hyphae.

Distinguishing Features. As the name 4. sparsus implies, conidia are produced sparsely on all media.
Colony diameters are generally less than 30 mm, and stipes become red-brown in age.

Taxonomic References. Raper & Fennell, 1965; Klich & Pitt, 1988.

Habitats. 4. sparsus is not a common species, and has been reported predominantly from soil (Raper &
Fennell, 1965; Kamal & Kumar, 1979).
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Fig. 43. Aspergillus sparsus: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right col-
umn (top to bottom), conidial head, conidia, and SEM of conidia (x 8000).
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Aspergillus sydowii (Bain. & Sart.) Thom & Church — Figs. 44 and 5i.
The Aspergilli, 147. 1926. Neotype IMI 211384.
Subgenus: Nidulantes Section: Versicolores

Colony Diameters at 7 days, in mm: CYA25 20-30; MEA (16) 22-30; CY20S 24-35 (37); CYA37 (0) 2-
10; CZ 20-27.

Colony Colors and Textures. Colonies CYA25 heavily sporulating in greyish turquoise or dark turquoise
to dark green colors (24-25C-F4-8); mycelium white; exudate reddish brown to dark brown when pre-
sent; reverse brown to orange brown or maroon; soluble pigment, when present, colored as reverse;
colonies dense, velutinous to lanose, radially sulcate. Conidia on MEA greyish turquoise to dark tur-
quoise or dark green (24-25D-F7-8); mycelium white, inconspicuous; reverse often uncolored some-
times dull green or deep red brown; colony texture velutinous to granular, plane. Colonies on CY20S
similar in appearance to colonies on CYA25 except exudate usually not formed and texture somewhat
more floccose. Colonies on CYA37 differing from those on CY A25 in that the conidial colors are less
intense (24-25B-C 3-4) and the colonies are sometimes slightly more floccose. Colonies on CZ similar
in appearance to those on CYA25 except that the conidial colors are less intense (24C-D3-4).

Microscopic Characteristics. Conidial heads radiate; stipes (15) 200-35 (50) x 3-8 um smooth, thick-
walled, colorless to pale brown, expanding into pyriform, spathulate, or almost clavate vesicles, 7-17
(20) um in width; usually biseriate, metulae (3) 4-6 (8) x 2-3.5 um, phialides (4) 5-7 (10) x 2-3 (3.5)
um. Diminutive conidial structures produced by many isolates, down to simple penicillate heads. Co-
nidia spherical, very rough to spinose, (2.5) 3-4 (4.5) um in diameter. Raper & Fennell (1965) reported
that Hiille cells are sometimes produced.

Distinguishing Features. The turquoise colony color on CY A25 is the most striking feature of 4. sydowii
and is the character which distinguishes it most readily from 4. versicolor. The relatively small colony
diameters, extremely rough-walled spherical conidia borne from small biseriate conidial heads with un-
colored to slightly brown stipes are also distinctive.

Taxonomic References. Raper & Fennell, 1965; Domsch ef al., 1980; Klich & Pitt, 1988; Kozakiewicz,
1989; Tzean et al., 1990; Klich, 1993; Pitt & Hocking, 1997; Samson et al., 2000.

Common Synonyms. 4. sydowii (Bain. & Sart.) Thom & Church. This was a misspelling (Domsch et al.,
1980).

Habitats. A. sydowii is worldwide in distribution. Its primary habitat is soil, but it has been reported from
many other substrates in indoor and outdoor environments (Domsch et al., 1980; Samson et al., 2001). It
appears to be much less common in foods than A. versicolor (Pitt & Hocking, 1997). Soil studies con-
ducted in the 26-35 degree latitude ranges report this species with greater relative frequency than studies
conducted in other latitude ranges (Klich, 2002).
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Fig. 44. Aspergillus sydowii: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right col-
umn (top to bottom, left to right), conidial head, small conidial head, conidia, and SEM of conidia (x 8000).
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Aspergillus tamarii Kita — Fig. 45.
Centralbl. Bakteriol. Abth., 2, 37; 433. 1913. Neotype CBS 104.13.
Subgenus: Circumdati  Section: Flavi

Colony Diameters at 7 days, in mm: CYA25 (45) 55-70; MEA (55) 65-70; CY20S 60-70; CYA37 40-70;
CZ 54-70.

Colony Colors and Textures. Conidia on CYA2S5 olive brown (4D-E8) to yellowish brown (5E8); myce-
lium white; reverse uncolored to greyish yellow; colonies low and radially sulcate to floccose and plane.
On MEA, conidia olive brown to yellowish brown or linoleum brown (4-5E7-8); mycelium white, in-
conspicuous; reverse uncolored to slightly yellow; conidial heads uncrowded, stipes uneven in length,
giving the colony a coarse texture. Colonies on CY20S and CYA37 similar to those on CYA2S5 in all
characters. Colonies on CZ also similar to those on CY A25 except the reverse is uncolored to very pale
brown.

Microscopic Characteristics. Conidial heads radiate or splitting into columns; stipes (300) 600-150
(2600) x 12-20 um, rough-walled, uncolored; vesicles globose to pyriform, (15) 20-45 (75) um wide;
uniseriate and biseriate conidial heads present in most isolates; metulae/phialides usually covering the
entire surface of the vesicle, metulae 8-13 (20) x 4-8 (9) um; phialides (7) 9-15 x 4-6 um. Conidia glo-
bose, coarsely roughened with very thick walls, (3) 5.5-8 (13) um in diameter.

Distinguishing Features. The deep brown/green color of the colonies, and large thick-walled rough co-
nidia are the major distinctive features of this species.

Taxonomic References. Raper & Fennell, 1965; Christensen, 1981; Klich & Pitt, 1985; Klich & Pitt,
1988; Kozakiewicz, 1989; Tzean et al., 1990; Pitt & Hocking, 1997; Samson et al., 2000.

Common Synonyms. 4. erythrocephalus Berk. & Curt. Although this name predates 4. tamarii, there is an
argument for conservation of the name A. tamarii because of the industrial importance of this fungus.

Related Species. The recently described species 4. caelatus (Horn, 1997) has more intense yellow colors
in the reverse than 4. tamarii. In my observations, stipes of A. caelatus grown on MEA are usually un-
der 1000 pm in length, while those of A. ftamarii are usually over 1000 um in length. 4. pseudotamarii
(Ito et al., 2001), produces aflatoxin, and has colony diameters of less than 33 mm on CZ incubated at
37°C.

Habitats. 4. tamarii was originally isolated from tamari sauce. It is also a fairly common soil fungus, es-
pecially in tropical soils and has been isolated from the seeds of various crops and other substrates
(Domsch et al., 1980; Klich, 2002).

Major Mycotoxins. Cyclopiazonic acid.
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Fig. 45. Aspergillus tamarii: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right col-
umn (top to bottom), conidial head, young conidial head, conidia, and SEM of conidia (x 8000).
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Aspergillus terreus Thom — Figs. 46 and 3g.

Thom & Church, Am. J. Bot. 5: 85. 1918. Neotype IMI 17294.
Subgenus: Nidulantes Section: Terrei

Colony Diameters at 7 days, in mm: CYA2S (30) 40-60; MEA (30) 40-70; CY20S (55) 65-70; CYA37
(55) 65-70; CZ 30-48.

Colony Colors and Textures. Conidia pale greyish/brownish orange (5B-C3-4) to camel (6D4) on
CYAZ2S; mycelium white, sometimes yellow centrally; exudate yellow to gold when present; reverse
yellow, gold or brown; yellowish to brown soluble pigment sometimes present; colony velutinous to
lanose, sometimes floccose centrally, plane or radially sulcate. Conidia on MEA sparse, pale orange to
greyish orange or flesh (5A-B3, 6B-C3-4); mycelium white, usually inconspicuous; reverse in greyish
yellow shades (4-5AB3-6); colony texture granular to somewhat floccose. Colony colors on CY20S
similar to those on CY A25; velutinous to lanose, usually radially sulcate. Colonies on CZ and CYA37
similar in morphology to colonies on CYA25, however, CZ colonies have a tendency to develop yellow
mycelia centrally and usually have fimbriate margins.

Microscopic Characteristics. Conidial heads in compact columns; stipes smooth-walled, uncolored, (70)
100-25 (300) x 4-7 um; vesicles (7) 12-20 um wide, somewhat variable in shape, spherical or pyriform;
biseriate, metulae over the upper half to three quarters of the vesicle, tightly packed, 5-7 x 2-3 um; phi-
alides 5-7 (9) x 1.5-2.5 um. Conidia 2-2.5 um in diameter, smooth-walled, globose to broadly ellipsoi-
dal. Globose to ovoid hyaline cells (aleurioconidia) are usually produced laterally on submerged hy-
phae.

Distinguishing Features. Compactly columnar pale orangish to tan conidial heads with tightly packed me-
tulae, very small (2-2.5 pum) smooth-walled conidia and the presence of hyaline lateral cells on the sub-
merged hyphae are the distinguishing characteristics of this species.

Taxonomic References. Raper & Fennell, 1965; Domsch ef al., 1980; Klich & Pitt, 1988; Kozakiewicz,
1989; Tzean et al., 1990; Pitt & Hocking, 1997; Samson et al., 2000.

Related Taxa. Two varieties of this species, A. terreus var. africanus Fennell & Raper and 4. terreus var.
aureus Thom & Raper, have been described. The former is distinguished by the presence of yellow to
buff colored sclerotium-like masses on MEA, and the latter by golden yellow mycelium and stipes over
50 um long. Both varieties are quite rare.

Habitats. 4. terreus is distributed worldwide in soils but is more abundant in tropical and subtropical re-
gions than temperate regions, and more common in cultivated soils and forests than grasslands. This is
one of the few Aspergillus species that occurs in greater than expected numbers of reports from culti-
vated soils (Klich, 2002). It is common in stored crops and has been isolated from other foodstuffs and
from indoor environments (Domsch et al., 1980; Samson et al., 2001).

Major Mycotoxins. Patulin, citrinin, citreoviridin, gliotoxin.
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Fig. 46. Aspergillus terreus: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right col-
umn (top to bottom), conidial head, aleuriospores, conidia, and SEM of conidia (x 8000).
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Aspergillus unguis (Emile-Wiel & L. Gaudin) Thom & Raper — Figs. 47 and 4d.

Mycologia 31: 667. 1939. Neotype IMI 136526.
Teleomorph: Emericella unguis Malloch & Cain Can. J. Bot. 5: 62. 1972. Holotype NRRL 2393

Subgenus: Nidulantes Section: Nidulantes

Colony Diameters at 7 days, in mm: CYA25 16-28; MEA 30-42; CY20S 24-42; CYA37 8-20; CZ 18-21.

Colony Colors and Textures. On CYA2S5, conidia abundant, with younger conidial areas greyish green to
dark green (26E-F5-7), older conidia near the colony center olive (2-3D-E4-7); mycelium white, usually
visible only as a dense narrow margin; reverse uncolored to dull brown or red brown; soluble pigment
brown, when present; colony velutinous, plane or sulcate sometimes with a floccose central overlay of
white mycelium. On MEA, conidial areas fimbriate, greyish green to dark green (26E-F5-7); mycelium
white, inconspicuous; reverse uncolored to slightly yellowish or brown; colonies low, sometimes with a
floccose center. Colony morphology on CY20S similar to that on CYA25. On CYA37, conidia olive (3-
4D3-4) to brown (5D4-5); mycelium white, exudate absent; reverse brown to black; brown soluble pig-
ment; colonies velutinous, radially sulcate, often with a raised floccose center. Colonies on CZ similar
to those on CYA2S, except soluble pigment not observed and colony margins uneven.

Microscopic Characteristics. Conidial heads radiate to loosely columnar on CY A25, definitely columnar
on MEA, with sterile thick-walled white spicular hyphae rising above the conidial heads are readily
visible under the stereo microscope. Stipes (40) 100-25 (300) x 3.5-7 um, walls smooth, thick, uncol-
ored to brown, expanding into spathulate to pyriform vesicles 5-14 pm in width; biseriate, metulae (4)
5-8 (11) x 3-4 pm, covering the upper half to two-thirds of the vesicle; phialides 5-7 (10) x 2-3.5 pm.
Conidia smooth to slightly rough, spherical, (2.5) 3-3.5 (4) um in diameter. Mature cleistothecia not
observed: fide Raper & Fennell (1965); cleistothecia 200-25 pm surrounded by globose Hiille cells, with
8-spored asci, and lenticular purple-red ascospores measuring 4.5-5.5 x 3.2-3.5 um with low longitudi-
nal crests and smooth walls.

Distinguishing Features. The hallmark of this species is the spicular hyphae extending above the conidia
which are readily visible under the stereo microscope. 4. unguis may also be distinguished from related
Emericella species by its slow growth on all media.

Taxonomic References. Raper & Fennell, 1965; Klich & Pitt, 1988.

Habitats. This species has not been reported frequently, but has been isolated from man, shoe leather, soil
(at latitudes below 36 degrees) and sesame seeds (Raper & Fennell, 1965; Kamal & Kumar, 1979;
Vaidehi & Lalitha, 1985; Klich, 2002).
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S, i

Fig. 47. Aspergillus unguis: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right col-
umn (top to bottom), conidial head, white spicular hyphae (x 5), conidia, and SEM of conidia (x 8000).
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Aspergillus ustus (Bainier) Thom & Church Figs. 48, 3b and 5h.
The Aspergilli: 152. 1926. Neotype IMI 211805.
Subgenus: Nidulantes Section: Usti

Colony Diameters at 7 days, in mm: CYA25 25-40; MEA 30-5; CY20S 30-45; CYA37 0-45; CZ 25-40.

Colony Colors and Textures. On CYA25, conidia variable in abundance, light brown (6D4-5) or greyish
brown (7-10D3); white to greyish mycelium; exudate, when present uncolored or yellow to dark purple
brown; reverse usually yellowish brown centrally and yellow (2A4) to yellow orange or brown at mar-
gin; soluble pigment yellow to brownish, when present; colony velutinous or lanose with a raised floc-
cose center, plane or radially sulcate. Conidia sometimes sparse on MEA, greenish grey (26-29D-F1-2)
or olive brown (4E4); mycelium white, inconspicuous; soluble pigment brown, when present; reverse
uncolored dull greyish-yellow or brown; colony low, plane, dense, sometimes floccose. Colony mor-
phology on CY20S similar to that on CYA25, but with sporulating areas and reverse sometimes in
greenish shades. Colonies on CYA37 similar in colors and textures to those on CYA25. On CZ, conidia
brownish grey (7B-C2) to reddish grey (9B2), other characters similar to those on CYA25.

Microscopic Characteristics. Conidial heads radiate to loosely columnar; stipes (30) 75-200 (35) x 4-7
(10) um, walls smooth, brown at maturity, expanding into pyriform vesicles 7-16 um wide; biseriate;
metulae 4-6 (7) x 3-4 um, covering upper half to three-fourths of the vesicle; phialides 5-7 (8) x 2.5-4
um. Conidia 3-4.5 um in diameter, spherical, with very rough walls. Irregular to elongate Hiille cells
sometimes present.

Distinguishing Features. Very small vesicles on quite long, brown-walled stipes are the principal distinc-
tive features of 4. ustus. Moderately fast growth on all media, dull grey to drab green conidia with yel-
low to brown reverse on CYA25, and rough-walled spherical conidia add to the unique appearance of
this fungus. A. ustus is distinguished from A4. puniceus by its grey to brown colony color on CYA25.

Taxonomic References. Raper & Fennell, 1965; Domsch et al., 1980: Klich & Pitt, 1988; Kozakiewicz,
1989; Tzean et al., 1990; Pitt & Hocking, 1997; Samson et al., 2000.

Habitats. 4. ustus is present at low frequencies in many soils, predominantly from tropical to warm tem-
perate areas, (26-35 degrees latitude). It is relatively uncommon in habitats other than soil, but has been
isolated from indoor environments and food (Domsch et al., 1980; Pitt & Hocking, 1997; Samson et al.,
2000; Klich, 2002).

Major Mycotoxins. Austamide, austidiol, austins, austocystins.
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Fig. 48. Aspergillus ustus: left column (top to bottom), colonies on CYA25, MEA, and CYA37, 7 days; right col-
umn (top to bottom), conidial head, conidia and SEM of conidia (x 8000).
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Aspergillus versicolor (Vuill.) Tiraboschi — Figs. 49, 4c and 5/.
Ann. Bot. (Roma) 7: 9. 1908. Neotype. CBS 583.65.
Subgenus: Nidulantes Section: Versicolores

Colony Diameters at 7 days, in mm: CYA25 15-25 (26); MEA 12-26; CY20S 14-30; CYA37 0-10; CZ
(10) 15-19 (22).

Colony Colors and Textures. Conidia on CYA2S5 variable in abundance, dull green to grey green (27-
28C-D3-4); mycelium white, dull pink, buff or orange; exudate, when present, uncolored to red brown;
reverse uncolored to shades of brown or reddish purple; soluble pigment, when present, pink to
brownish orange or brown; colony texture generally velutinous, often radially sulcate. On MEA, conidia
greyish turquoise (24C4) to greyish green (25-28C-E3-5); mycelium white to buff, often inconspicuous;
reverse uncolored, yellow brown, orange brown or greenish drab; texture velutinous to granular. Colo-
nies on CY20S differing from those on CY A25 by a lack of exudate, and reverse and soluble pigment
colors tending to be red-brown. Colonies (when present) small, lightly sporulating, dense and wrinkled
on CYA37, colors as on CYA25. Colors and textures on CZ similar to those on CYA25.

Microscopic Characteristics. Conidial heads radiate; stipes (120) 200-400 (700) x 4-7 um, uncolored to
yellow or slightly brownish, smooth-walled, brittle, expanding into pyriform to spathulate vesicles, (8)
9-16 um in diameter; biseriate; metulae (3) 4-8 x 2.5-3.5 (4) um covering half'to all of the vesicle; phi-
alides (4) 5-9 (11) x 2-3 um. Diminutive conidial heads sometimes present, resembling penicilli. Co-
nidia 2.0-3.5 (4.5) um in diameter, most globose to subglobose, with finely to distinctly roughened
walls. According to Raper & Fennell (1965), globose Hiille cells are sometimes produced.

Distinguishing Features. Relatively small colony diameters with grey green to dull green conidia on
CY A25, variably colored reverse and mycelia, and small biseriate conidial heads with small roughened
globose conidia distinguish this species from all others. The green rather than turquoise conidial color
on CYAZ2S5 distinguish A. versicolor from A. sydowii.

Taxonomic References. Raper & Fennell, 1965; Klich & Pitt, 1988; Kozakiewicz, 1989; Tzean et al.,
1990; Klich, 1993; Pitt & Hocking, 1997; Samson ef al., 2000.

Related Species. Section Versicolores contains over 20 species, many of which resemble 4. versicolor.
For example, A. protuberus differs from A. versicolor in that the former species produces roughened sti-
pes and A. janus produces both white and grey green conidial heads (see Klich, 1993).

Habitats. A. versicolor is a very widely distributed fungus. It is extremely widespread in soils (Domsch et
al., 1980; Klich, 2002). It occurs in many kinds of foods, especially spices, dried cereals and nuts, and is
common in indoor environments (Pitt & Hocking, 1997; Samson et al., 2001).

Major Mycotoxins. Sterigmatocystin.
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Fig. 49. Aspergillus versicolor: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right
column (top to bottom), conidial head, conidia, and SEM of conidia (x 8000).
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Aspergillus wentii Wehmer — Figs. 50, 31 and 5Sa.
Centralbl. Bakteriol. 2 Abth., 2: 15. 1896. Neotype IMI 17295.
Subgenus: Circumdati Section: Wentii

Colony Diameters at 7 days, in mm: CYA2S 25-35; MEA (20) 25-35 (40); CY20S 5-70; CYA37 no
growth; CZ 24-27.

Colony Colors and Textures. Conidia variable in abundance on CYA25, greyish yellow (4B-C4-8) to
olive brown (4D-E6-8); mycelium dense, white to pale yellow; dense white to pinkish hyphal masses
sometimes formed; exudate, when present, uncolored to yellow-brown; reverse uncolored to yellow or
pale brown; texture variable velutinous to floccose, plane or radially sulcate. On MEA, conidia abun-
dant, olive yellow (3D8), orangish yellow (4-5B-C5-8) to olive brown (4D-E5-8); mycelium white;
white to dull pink hyphal masses sometimes formed; reverse uncolored to dull yellow or pale brown;
texture generally deep and floccose, occasionally velutinous. Conidia often sparse on CY20S, colored as
on CYAZ25 or olive (3E8); mycelium dense, white to pale yellow; reverse uncolored to pale yellow or
dull brown. On CZ, colors and textures similar to those on CYA25.

Microscopic Characteristics. Conidial heads radiate, often splitting into columns in age; stipes 200-1200
(3000) x 10-12 (16) um, often sinuous, usually uncolored, smooth-walled or slightly warted beneath
vesicles; vesicles elongate to globose, (7) 30-80 um wide; biseriate; metulae densely packed, 10-18
(23) x (3) 5-8 (10) um, covering most of the vesicular surface; phialides 7-10 (15) x 3-5 (6) um. Co-
nidia globose to broadly ellipsoidal, (3.5) 4-5 (6) um, surface smooth to very rough.

Distinguishing Features. This species is distinguished by olive brown conidia on a dense white to yellow-
ish mycelial mat and no growth at 37°.

Taxonomic References. Raper & Fennell, 1965; Domsch ef al., 1980; Klich & Pitt, 1988; Kozakiewicz,
1989; Tzean et al., 1990; Pitt & Hocking, 1997; Samson et al., 2000.

Habitats. This is a common species with its main distribution in tropical and subtropical soils, reported in
a relatively high number of studies from the 26-35 degree latitude range. It has also been isolated from
plant litter and seeds and is used in Asian food fermentations (Domsch et al., 1980; Samson et al., 2000;
Klich, 2002).
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Fig. 50. Aspergillus wentii: left column (top to bottom), colonies on CYA25, MEA, and CY20S, 7 days; right col-
umn (top to bottom), conidial heads, conidial head, conidia, and SEM of conidia (x 8000).
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Appendix 2. Data Sheet

Maren A. Klich

See Introduction for instructions on how to use this page

Macroscopic Characteristics

CYA25

MEA

CYA37

CY20S

CZ

Diameter
Colors

Conidia

Mycelium

Exudate

Reverse

Soluble pigment

Cleistotheia./Sclerotia

Microscopic Characteristics

Stipe: reng
width
Surface Texture
Vesicle: Diameter
Shape
Seriation: Uniseriate/Biseriate
Conidia: Length
Shape

Surface Texture

Cleistothecia/Sclerotia: Diameter

Shape

Color

Surface cells - hyphae/parenchyma

Ascospores:  Days to Maturation

SurfaceTexture

Furrows/Flanges
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Aflatoxin 2, 46, 76
Allergies 2

Anamorph 3
Aspergilloses 2
Aspergillus aculeatus 54
.alliaceus 2,18

. alutaceus 66

. amstelodami 20

. auricomus 22
.awamori 1,24, 62

. bombycis 46

. caelatus 96

. caespitosus 26

. candidus 28, 64

. carbonarius 2,30

. carneus 3,32

. cervinus 34, 56

. chevalieri 36

. clavatus 3, 38

. cremeus 40

. cremeoflavus 40

. erythrocephalus 96

. ficuum 62

. fischeri 42

. fischerianus 42

. flavipes 44

. flavus 2,3, 46,70, 76
. foetidus 48, 62

. fumigatus 2, 3,50

. giganteus 38

. glaucus 52

. janus 104

. japonicus 54

. kanagawaensis 34, 56
.melleus 2, 3,58

. nidulans 60

. niger 1,2,24, 62

. niger var. awamori 24
. niveus 28, 64

. nomius 46

. ochraceus 2,3, 66

. ornata 68

. ornatulus 68
.oryzae 1,2,3,46,70
. oryzae var. effusus 70
. ostianus 2,3,72
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INDEX

Identification of common Aspergillus species

A. paradoxus 74

A. parasiticus 2, 46,76, 90

A. penicillioides 2,78, 84

A. protuberus 104

A. pseudotamarii 96

A. puniceus 80, 102

. quadrilineatus 82

. restrictus 78, 84

. rugulosus 86

. rugulovalvus 86

. sclerotiorum 2,3, 88

. sojae 1,76,90

. sparsus 92

. sydowi 94

. sydowii 94, 104

. tamarii 2,96

.terreus 1,2,3,98

. terreus var. africanus 98

. terreus var. aureus 98

. tetrazonus 82

. tubingensis 62

. unguis 100

.ustus 3, 80, 102

. versicolor 2,94, 104

.vitis 20

. wentii 106

Austamide 3, 102

Austidiol 3, 102

Austins 3, 102

Austocystins 3, 102
Chaetosartorya cremea 40
Citreoviridin 3, 98

Citrinin 3, 32, 98

Colors 10

Cyclopiazonic acid 2, 46, 70, 96
Cytochalasin E 3, 38
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Emericella nidulans 1, 2, 60, 82, 86
Em. nidulans var. acristata 60
Em. nidulans var. dentata 60
Em. nidulans var. echinulata 60
Em. nidulans var. lata 60

Em. nivea 64

Em. quadrilineata 2, 60, 82, 86
Em. rugulosa 1,2, 60, 82, 86
Em. unguis 100
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Maren A. Klich

Enzymes 1 N. fischeri var. spinosa 42
Eurotium amstelodami 20 Nomenclature 3

Eu. chevalieri 2,36 Ochratoxin A 2, 18, 30, 58, 62, 66, 72, 88
Eu. herbariorum 2,52 Patents 1

Eu. repens 52 Patulin 2, 98

Eu. rubrum 52 Pathogens 1

Fennellia flavipes 44 Penicillic acid 3, 58, 66, 72, 88

F. nivea 64 Penicillium 1,2,3

Fumitremorgin 3, 42, 50 Petromyces alliaceus 18

Gliotoxin 3, 50, 98 Pharmaceuticals 1

Hemicarpenteles paradoxus 74 Plating regime 7

ICPA 5 References 108-111

Incubation regime 7 Reference cultures 5

Key 12-16 Sclerocleista ornata 68

Koji 1 Species characters (summary) 112-113
Media 6-7 Sterigmatocystin 2, 60, 82, 86, 104
Metabolites 1 Subgeneric classification 4, 112-113
Morphological features 3, 5-7 Teleomorph 3

Mycoses 2 Terminology 3, 5-7

Mycotoxins 2,3 Verruculogen 3,42, 50
3-Nitroproprionic acid 3, 46, 70 Viomellein 3, 58, 66

Neosartorya fischeri 3, 42 Vioxanthin 3, 58, 66

N. fischeri var. glabra 42 Xanthomegnin 3, 58, 66
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