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INTRODUCTION

1. The following paper describes the procedures used to do a coat/effective-
ness analysis. This analysis relates the costs of operation of a given
systen to its effectiveness: in other words, what it costs a 9iven system
to do a certain set of tasks.

This enables us to compare one system to another, or to lock carefully
at ths components of one systam.

2. Information about the TAXIR system is then presented.

SYSTEMS ANALYSIS: COST/EFFECTIVENESS
Systems RAnalysis: the Major Steps

A. All aspects of the system under study are observed by the syatems analyst.
Bach portion of the system is flow charted. When fitted together these por-
tions constitute a procedural flow chart of the system.

The flow chart(s) indicate how the system operates; exactly what is done
and the order in which tasks are faced.

Flow charts (at this stage) do not necessarily indicate optimal (in
terms of efficiencies, costs, completeness, etc.) procedures, but only what
the analyst has observed.

B. Once flow charts are established, coats are analysed for each procedurs
in the system as displayed. Esgentially the amount of time needed for any
given procedure is analysed, as well as the time needed to complete all
procedures in the flow chart.

To obtain money costs, time used is multiplied by the rate of return for
the input under consideration. If for example, we use 3 hours of a biclo-
gist's time (Ph.D. lavel), 3 hours is multipiied by the rate of return to
the Ph.D. biclogist which may bs $8.00 per houx. Thus the coat for that
procedurs is 3 hours X $8/hour - $24.00).

It should be obvious that 1) breaking down costs to its components
{time used, rate of return) is more instructive than merely using money
ternms, and

2) money costs can always be computed.

C. That which is accomplished by the various portions of the system and the
system as a whole is analyzed. A set of criteria is established to test how

well the system puts out desired material from what was put in. For an in-
formation retrieval system we may use as criteria :

1. How user oriented is the system in terms of

a. data preparation
b. the types of answers to the queries?

2. How flexible the system is, for example

a. can new data be added and old data deleted {updating)
b. can corrections be made once the system is cparating, etec.?

3. Can the system be changed once ingtalled?

4. Does it aid in administering large information collactions {as in
a2 mugeum) or does it make tha task of adminlstration more difficult?
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D. Finally we have an analysis for a system:

1. the procedural flow charts
2. the costs for each procedure
3. the effectiveness of tha system as hald up to a set of criteria

a. From thega data we can gensrate combined informaticn on the
costs of putting data in and getting information out relstive to the attsi-
butes and drawbacks of tha systam;

b. The system under study can be scrutinized snd changed to make
it more efficient (less costly) and/or mors effective. Efficiency in opera-
tion and effectivenses are optimized with respect to each other.

c. Then the system under study can be comparsd to other systems
(related or not} which have been analysed in the sare way

4. The final product should be a system which will optimally £ill a
user's demands given his set of problems and his resources. Whera nsces-~
sary a system is altored to meet the individual user's demands. Technically
this is not part of a cost/effective mnalysis but is a problem of systems
design and implementation. The cost aspect, though, does place a constraint
on a system the user can adopt and is essential to get optimal use from
limited resources.

II. Systems Analysis: Cost/Effactiveness for TAXIR (studied from B.23.68 thru 10.5.68)

A, Notes on preparing data for input and computer operations.
1. Please nota:

a. The analysis which follows is drawn from observations of ane
eystem, TAXIR. That system has bean tested on 27 curatorial character-
istics of one data bank, the collecticn of herbarium sheets of the ganus
Hanihot. To date only a portion (1990 specimans of 6000) of tha entire
bank has been used as input to the system.

b. The information which followas is interesting and if used correct-
ly is inetructive. It is not meant to ke used am a basis of comparison of
other system with TAXIR, nor of other data bank for use in an 8-
tem including TAXIR., Information imsued in the Zuture will sllow for
these comparisons.

c. The procedures (vhich appear on the enclosed flow charts entitled
"Preparation of Data for Input to TAXIR") were developed by Mr. S. G. hppan,
Dr. David Rogers, and Mr. Henry Pleming, all of the Teximetrics Laboratory.

2. The flcw charts are coler coded red, red-magenta, green and blue.
2. The red linss

(1l)represent the first major iteration. This procedurs is
repeatad for each specimen (item) undsr consideration. Thus input data to
TAXIR containe 1930 itema.

(2) Information was shatracted from (i) the notations and
physical specimen on the herbarium sheete, and (44) fils vacords conslating
of 3 x 5" index cards praviously prepared by Dr. Rogers. For all entries
most information was taken from the specimens. (It is possible that other
institutions might use their file records ([such as catdog] for direct input.)
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b. The rad-magenta lines. If a specimen was though to be a
TYPE, & literature search was done. This occurred in approximately 25% of
all gpecimens studies.

c. The green lines

i.repressnt tha mecond major iteration. This was repeated
for sach of the 26 descriptors for each specimen under study. (27 dencrip-
tors leas the descriptor entitled "Type Designation" already processed.)

ii. The condition of the notations on the herbarium sheets
(specimens) varied in quality. In 5% of all specimens the notations were
poor (illegible, confused, incorrect, etec.) but in 95% of tha spacimens
the notations were good to fair.

iii. The 'instantanetus raccxding procesa™ used

(a) Data from 40% of the specimens were directly
recorded on coding forms (FORTRAM 88-column). These were then sent to
profaessional key-punch cperators for the punchfng of cards.

(b) Data from 60% of the specimens wara keypunched direct-
ly by Mr. Appan as he worked.

d. The blua lines represent procedures for

i. getting all data on punched cards
4i. having the card deck duplicated and stored for
security reasons (in case of loss or destruction of the working deck.

3. Data verification and correction

a. Thess procedures are ralatively straightforward. A gocd
dsal of raesearch is badng done on this section to develop a fast and
«€2ipfiont system. At presefit, most verification ie dcna by the wozker.

b. Checking the data back to the hexbarium sheets was not dona
at this tima.

¢. All other procedures wera carried out completely and very
carefully. This is a must for effective use of the TAXIR systen.

d. Once a clean bank is obtained it is recorded on tape (or
disk) for computer input. A tickler file is used to assure that tha tape
is reprocessed every ] months to insure againet deterioration.

4. Computer operations
a. Accessioner

i, The ceat of "building" Accesciomer i incurred only
initially, or each tims that it is updated.

ii. After building Accessiopner it ia stored on tape
for disk) and can ba queried whan desired.

b. Bock: once bullt Book is etorad on tape and printed.Printimg costs
here indicate rates charged for an on-line, higispeed printer. Thinm is
expenaive, for the tape can ba run to a slower spaed printer at lower costa.
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B.

Cost Analysis
1.
2

All figures are expressions of time in seconds except where indicated.
Ratea
a. All worker input time was by a highly trained biologist {M.3. in

Agronomy and two years toward a Ph.D. in Botany)

Computing Center.

b. Key punching was done on an IBM 26.
c. All computer work was done on a CDC 6400 at the Univeraity of Colorado
Standard operating rates applied. ($300/450 per hour CPU,

$60/90 per hour PPU, where the first figure is for use of less than half of
core storage, the second for half or greater core storage.)

About 5% of all specimens contained a misteka.

3. Times: Data preparation for input
a. Red-magenta lines. Literatura search for "Type Dasignation™ 225 * 180 sac.
b. Green line iteration

i. Prom file record and herbarium sheet
(a) Good notations 185 £ 15 gec.
(b) Poor notations 360 * 60 sec.

ii. From file recorda only, 155 *1s

c. 1. Additional time required for worker to key punch directly 25 % 10 sec.
ii. Approximate rate of professional key punching, in columna/minute, 143 % 10
(the average item was expressed in 230 columns)

d. Red lines - all other than above 90 * 30 sec.

€. To locate and correct data approximately 40,000 seconds were axpanded.
Over-all data verification

and correction cost 20 saconds/itam in the entire data bank.

4. Times and money costs for computer operations

BOOK ACCESSIONER
1990 Items, 7 Deacriptors 1990 Itams, 20 Desuriptors
a Money Money
CPU BPU Cont CPU PRU Cost
Build 23.2 145.0 Build 147.4 113.5
Sort 1.8 1.4 Store 0.5 2.3 $13.41
Store 0.5 2.3 Quary c
Print 18.1 13.0 Type I 0.2 0.1 §0.017
Subtotals 43.6 161.7 $9.49 TPRL, 190 Ll 20408
External charges i $8.30
TOTAL §17.79
Entire core Accompliahed in 1/2 core

&. Here a pample query was run a number of times, and average times expended

b.

are raported. The guery wes more complex than the average would be.

Cost per linea printed and pages of paper consumed.
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C. Effectiveness of TAXIR

1. TAXIR is a highly ussr oriented Information Retrieval system. The

user must determine:

a. what specimens will come under analysis;

b. what characteristics (descriptors) will be used

¢. the form in which the data is entersd into the machine is up to the
user - it can ba in English, or any such "natural" language, it can be highly
biologically (or chemically or mathamatically, etc.) oriented; or it can be
in any other code or contrived language. This is solely the user's cption.

d. Any hardware input system can be used: cards, tapes, eto.

e. There is not fixed format prescribed. The user may deterxrmine his
input format. (A fixed format is not precluded.)

2. The procedural flow chart for data preparxation is opsned to the user's
needs. But a highly efficient systam is suggested and has been daveloped.

3. The TAXIR language {!occ querying) is simple and very close to user
oriented English.

4. Dependent on the user's needs the data, once entered, can be quickly
and inexpensively and completaly manipelated. Large quantities of usable
information can be put ocut rapidly at relatively low cost.

a. Books can be prepared relatively inexpensively to merve as vary
well cross-indexsd cataloga. Such books could be for in-house, and shared
with other institutions and scientists. They enable a wider knowledge of
what material is availabla where, for ressarch.

b. The Accessioner can be used by the individual research scientist
in his work, for analysis of material, or to facilitate getting the material
necessary for research.

c. The administrator can make use of either Book or Accassioner to
keep daily trxack of the institution'= holdings.
5. In general the entire system has several advantages to the institution's
administrator:

a. The eystem enables the use of other techniques which will assist
the institution in making optimal use of its present resocurces, and plan
and program the use of future resoursces.

b. Administrators can know expenses as they correspond to outputs;
thus can keep tighter control of thes various operaticns and work in pregress.

¢c. Administrators as sciantists can better plan expansion of rescarch
once they know what they have in their institutions, and tha kinds of
problems that can be handled by the systenm.

More on TAXIR will ba available in the nesr future. If you have specific
questions, pleass do not hesitate to submit them.
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I. Procedural Flow Chart to Prepare the DATA BANK for Input to TAXIR
1. Gathering and Recording

Specimen Collection File Record of \
__(stored) stored collection
n i N

o A :!Rar_riave (next) specimenl

A l

Scan specimen for notations:
Collector's Name
Collector's MNumber

W/

[Retrieve Specimen file record(s) r

T

Assign sequential item number |
(N + 1— Item Ho.)

| ur

L___{ Record item number !T-—- .

Are all descriotors needed |
for DATA BANK contained on !
existing file records?

NO stm i

Is this a possible Instaneocus record-
TYPE specimen? ing process?

YES | NO —!} 2

Search Scan Specimen and/or "xite data on
literature File Record for (next) coding forms
descriptor

Punch data on
computer cards

F 3

{ ; :
lﬂ?'—'_’d ‘-'-""_"_—._—’ -
: NO

Duplicate i

Are all descxiptors

and comments needed punched cards

for DATA BANK

sl Store one set

(high security) |
YES YES
Are all specimens > =
14 vhich are to be in .c::ke p:i:; :::ds
NO DATA BANK recorded? Pl Lo
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i.2 DATA BMIK Verification and Correction

?romlg.l

Worker II scan:
Compare print-out
with specimen and/or
file record.

Have Descriptor States

preted) incorrectly?

been recorded (or inter-

o]

Computer scans for pos-

Vrite sible mistakes below:
1. Item numbers
2. Contents N0
3. Location of $
each mistake Do two or more speci-
mens have same Item No?

NO

,r/l;ave all typas been omitted?

e one or more Descrip-

\ of mistakes

been checked? nO

o

been aﬂdgd?

one or more Descrip-

Locate item on punched

=argd
NO

W

Lazata mistake
mel Corcfs ian
reck “correcc.on mad-"

\ us=d anywherr !

Has an incorr ct code been)

1 print-out sheet
Rr.. 'ce punchad cards NO

N

(-

been used?

.<Has an illega. symbol \ p

v

J NO

Make pri. k-out of
corrected ards

lwcrke:-Ccmpule: scan

|

W b

l_?erun data v :ification’ YES Are there any incor-
““ W rectly composed words

-+

/

Retuzn t
next test
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I.3 Computer Operations

Fr; 2 1S

Store DATA BANK
on tape, disk, etc.

Build ACCESSIONER

7 4

Store ACCESSIONER

Sort BOOK
Bank
o —— lr r'__l
Print BOOK Query ACCESSIOUER
I

To add 8[4 up date
go to Beginning
and Etart.
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TAXIMETRICS LABORATORY

g DEPARTMENT OF BIOLOGY
ARMORY 101
URIVERSITY OF COLORADO

I. I/R in BIOLOGY POULDER, COLORADO 80302

The concept of information retrieval, although a topic of much recent
interest, is not new to the biological community. Systematic biologists have
been contending with the problem of information retrieval for hundreds of years.
S0, too have librarians and others in various nositions, such as inventory control
specialists. fany workable solutions to this problem have been developed, not
the least of which is our taxononic system. This system enables us to store
and retrieve vast amounts of biological information. 1In this sense, many of us
are already experts in information storage and retrieval and it is altogether
fitting that modern advances in this field should come from a discipline whoeo
traditional ebjective has been to create better information storage/retrieval
systems for biology, agriculture, and medicine.

And our taxonomic system does not serve merely to embody conceptual infor-
mation about the natural affinities of living organisms. It further serves us
for curating small and large collections of biological specimens as well. It
is to the problem of managing the information attendant with biological collec-
tions that we feel our present systems contribute.

There are essentially two types of biological collections which are amassed

those large collections found in museyms or herbaria, and those smaller collec-
tions compiled by monographers or floristic workers. These two tyoes overlap,
In either type, specimens are arranged in cabinets, on shelves, etc. For this
collection to be useful, certain subsets of it must be cavable of abstraction
with moderate ease. It is the curator who is largely responsible for guarantec-
ing this usefulness. Given the limited funds and restricted facilities which
characterize many museum operations these men do remarkable jobs, but of course
at a sacrifice to their own research.

In meeting this charge, curators make heavy use of the taxonomic information

£tiorage fetrieval system. By physically arranging specimens in the museum in
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accordance with a taxonomic system, specimens whose taxonomic names are known may
be recovered with ease., By ohysically arranging specimens in the museum in
accordance with the geographical location of the place of collections, specimens
whose places of origin are known may be recovered with ease. By combining these
two, which is a common practice, the museum becomes a very workable information
storage retrieval system for the collections which it houses.

For this reason, it is not our purpose or intent to discard this already
extant system. Rather, we accept this system as our working base, and make it

an object of study and inspiration.

THE FUNCTIONS OF AN I/R SYSTEM

Any information retrieval system must serve two functions. It must serve
as a revository for information, and as an accessioner to abstract from the
repository the information stored there. As the names imply, one of these func-
tions is a passive one, to serve as a resting place for information, while the
other of these functions is active, to abstract from the repository some of the
information that is there.

Let us consider the biological museum as an information retrieval system.

It must serve as both repository and accessioner. It serves as repository inscfo.

as it houses specimens each of which is itself a storehouse of information. It
serves as an accessioner insofar as the physical arrangement of the snecimens is
in accordance with useful locating criteria such as taxonomic name or geographic

location of collection.

Occasionally additional accessioner facilities are employed in museyms. Th- = :

often take the form of a card file. A card file is an information storage re-
trieval system very analogous to the museum itself. It acts as a repository

for a small subset of the information attendant with the sPecimens. This
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repository function of a card file is met insofar as some of the information
about a given specimen is recorded on a given card. The card file acts as an
accessioner in the same way as does the museum: the physical arrangement of the
cards reflects some locating criterion of interest. Since the cards in the card
file may be physically arranged in a way different from the arrangement of the
specimens in the museum, iters may be found in the card file with different
locating criteria than that by means of which specimens are located in the museum.
Whenever it is possible to establish a correspondence between cards in the card
file and specimens in the museum, the locating criteria reflected in the physical
arrangement of the card file may be used to locate specimens in the museum as
well. In this way a card file may serve as an additional accessioner for the
museum itself.

Since a card file admits only one physical arrangement at a time, there must
exist a complete and distinct card file for each auxiliary locating criterion which
is to be used to locate specimens in the museum. For this reason museums, where
time and funds permit, maintain two or three separate card files arranged on such
criteria as taxonomic name, geographical location of collection, collector, etc.

In some museums, where not only are time and funds limited but also collec-
tions tend to be extremely large, the museum must serve as its own accessioner
facility with no help from auxiliary card files. For example, the curators of
the entomological collections at the U. S. National Museum do a remarkable job
of maintaining a collection of over 15 million specimens with no comprehensive

card files at all.

INTRODUCTION TO THE TAXIR SYSTEM

TAXIR stands for TAXonomic Information Retrieval. It is a system designed

to help systematic biologists organize and manipulate their collections and the
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information they embody easier, faster, and rore comprehensively.

The TAXIR system enbraces, among other things, a language vhich enables the

biologist to communicate directly with it in a manner natural and familiar to hin.

The TRAYIR language closely reserbles English and its grarmar and syntax can be

rmastered with a few hours'effort. The translating capacity of TAXIR enables the
biologist to use this language directly. The need for a computer specialist to
intermediate between the biologist and his information svsten is thus obviated.
The information manipulating and organizing capacity of the TAXIR system
enables the biologist to take fuller advantage of the vast amounts of information

which present day museums represent. In this way we can reap greater returns on

the investment which has already been made in the amassing and curation of our

collections. The justification for this investment which our museums represent

is realized in the extent to which they are used.

It is further envisioned that the TAXIR system will relieve the curator of
many of the tasks now required of him which compete for his time with the pursuit
of professional research interests. T[ith the information currently represented
in museums more readily available to the biclogical community through the TAXIR

systen the curator's function as go-hbetween for the biologist and the museum is

greatly reduced.

Much discussion, some of it in what would seem an almost fanciful vein, has
been made concerning information exchange by means of intricate networks of compu-
ters located throughout the country and the world. The need for greater information

exchange is real, but through the TAXIR system this need can be met now; and in

a way perhaps more natural to this generation of professional biologists.
When information retrieval is discussed, one generally has in mind an

enormous and highly complex information bank, administered by a heavily funded

organization. "If we can't do the full-blown, bang-up job, then it just doesn't
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pay," we think. But the TAXIR systenm is relatively inexpensive and sufficiently
zdaptable that it can be emploved at all levels of complexity. It can even be
made to behave as a personal scratch-pad system for an individual monographer or

floristic worker.

THE IODULES OF THE TAXIR SYSTEH

The TAXIR system exists in many essentially independent but related module:.
Some of these modules are:
1. MAccessioner - fully developed in prototype
2. Display - under development
3. Book - fully developed in prototype
4. Data Vet - under development
These modules, functioning alone or in conbinations, serve to strengthen the
repozitory and accessioner facilities of biological collections.
1. THE ACCESSIONER
Stored in the accessioner is that subset of the information, attendant with
{42 specimens in a collection, which might be used as locating criteria by meanz
of which we may locate those items in the collection which are of interest.
The accessionsr functions very much like the auxiliary card files discusscd
in Section II. Here, however, all the locating criteria may be embodied into
cne integrated system 2nd the criteria may be used independently of each other,
=3 with multiple card files; or it may be used simultaneocusly in any conceivable
logical combination.
As with auxiliary card files, whenever there exists a correspondence between
the specimens in the museum and their associated locating information as stored
in the accessioner, the accessioner may function to relieve the collection of its

£ormer need to provide locating information about the specimens which it houses.
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2. DISPLAY

As the accessioner serves the active function of an I/R system, display
serves the passive function associated with a repository. A collection which has
been relieved of its accessioner function by the availability of the accessioner
module of the TAXIR system is now responsible only for the repository function of
information retrieval. So relieved of part of its traditional role, the collection
may now exist to serve its residual repository function more completely. 1Its only
specific restriction is that it must maintain the correspondence between its
specimens and the associated locating information in the accessioner. This cor-
respondence may be maintained in a wide variety of ways; scme extremely nontradi-
tional and worthy of further empirical study.

The display module of the TAXIR system is designed to serve the repository
function which the collection itself now serves. It will be particularly impor-
tant when the biological collection is itself not accessible to the biologist.

For this reason completion of the development of this module has been postponed
to enable the completion of the more desperately needed modules.
3. BOOK

The Book medule of the TAXIR system might most properly be thought of as a
combination of the accessioner and the display modules. Book functions as a little
of each.

There is much information associated with the specimens in a collection which
will be of interest to us either without or before actually locking at and handling
the specimens in the collection. 1In fact, presently, much unnecessary handling
of specimens occurs because this information is not now readily available without
direct involvement with the collection itself.

On the other hand, many of our locating criteria, particularly at the onset

of our involvement with a museum collection, are relatively simple and do not
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require sophisticated logical combinations to express them adequately. Such
locating criteria as taxonomic name, geographical location of collection, collec-
tor name, time of year of collection, and others are of this type.

The Book module accepts a small number (six or so of criteria for comparison,
or descriptors as our information carrying units are called, organizes this infor-
mation as associated with the specimens in the collection in an hierarchical
manner, and prints a book of the information reflecting this organization.

The book so printed is a list of all the specimens in the collection (or
items, the more gmeneral term by which they are known to the TAXIR system), together
with the appropriate previously stipulated half dozen pieces of information respec-
tively associated with each item, and is arranged in an hierarchical order deter-
mined by thisassociated information itself.

By means of the TAXIR lancuage the biologist communicates his desired hierar-
chical order to the Book module, usually indicating locating criteria (accessioner
descriptors) such as taxonomic name or geographical location of collection as
primary criteria for the hierarchy, and indicating display information (display
descriptors) such as herbarium number, collector number, or completeness of the
specimen, as secondary criteria for the hierarchy. In this way a book with
hierarchy family, genus, geographical location, collector, collector number,
species, would arrange items in the collection first alphabetically by family
name, within groups of items with the same family name, alphabetically by genus,
within groups of items with the same family and genus name, alphabetically by
geograchic location of collection, etc. With this book information about family,
cenus and geographical location can be used to discover information about col-
lector, collector number and species.

Once the Book module has created such a book, it can be readily printed

from computer tape several times at little extra expense. In this way museums
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may exchange information arranged in a useful way, in familiar hard copy form.
{See Section III, paragraph 5)

The book (or indeed system of books) further provides the members of the
biological community a more direct access to biological collections and partially
ralieves curators of the barrage of gqueries to which they would otherwise have to
respond.

4. DATA VET

The Data Vet module of the TAXIR system is presently under development. The
function of this module is to check or proof-read the information before incor-
poration in the other modules. ihereas the two functioning modules of the TAXIR
system are liberally interlaced with user error messages the need for a DATA VET
module is very real for the guality of any system is always limited by the quality
of the information which it embodies. Experience with the Accessioner and Book
modules will reveal the types of errors to be encountered. Until the Accessioner
and Book modules of this system have undergone more extensive field testing, the

pata Vet module cannot be completed.

V. HOW TO USE THE TAXIR SYSTEM

The concepts and terms needed to understand more fully the TAXIR system
(Section III) are not completely foreign to the biologist for the system derives
much of its structure from the already extant principles of museum curation. e
do use some of the fundamental principles of logic in the TAXIR guery language
and it will be necessary for the user to become familiar with these if he is
not already.

1. DEFINITION OF TERMS
i, ITEM: This is the general term which is used to refer to the basic

units comprising the collection. The term specimen has been used earlier in
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this exposition. However, in some collections, item may refer to lots, jars,
populations, or any other conceptual unit which may be under study.

ii. DESCRIPTOR: this term refers to the information carrying unit in the
system, There are many ways of envisicning this concept. Let me discuss two.

a. A descriptor is a basis for comparing any two items in the collection.
With respect to this basis for comparison, it must always be possible to decide
if two items are similar or different. BAn example of a descriptor which has
already been mentioned in this exposition is the Family to which an item belongs.
Two items are similar with respect to the families to which they belong if they
each belong to the same family; and different if they each belong to different
families. Similarly, country of collection, collector, genus, species, storage
location in museum, month of collection and many more could be considered as
useful bases for comparison or descriptors.

b. B descriptor is a partition, or a dividing into exclusive and exhaus-
tive subsets, of the collection of items. The notion of similar and different,
discussed in (a), is derived from this partition in a natural way: items which
belong to the same subdivision of the partition are similar, and those which
belong to different subdivisions are different. BAny partition can be a descrip-
tor; however to be useful, the notion of similar and different associated with
the partition must be interpretable in a meaningful way.

This notion of similar and different is known mathematically as an equiva-
lence relation. A theorem in mathematics teaches us that there is a bi-unigue
correspondence between equivalence relations and partitions. However, a moment's
reflection should convinca us that concept (a) and concept (b) are indeed the
same thing.

iii. DESCRIPTOR STATE: In analogue with the two equivalent concepts of

descriptor, there are two concepts of descriptor state. If we think of a
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descriptor as a partition then we may think of a descriptor state as one of the
"classes" or subdivisions of the partition. If we think of a descriptor as a
basis for comparison, then we may think of a descriptor state as one of the
possible conditions of that basis. 1In this way, a description of the common
property shared by all the items which belong to the same subdivision of a
partition may be considered a descriptor state. To continue our earlier example,
the descriptor 'Family' would have for its states the names of the families
represented by the items in the collection.

iv. DATA BANK: To design an information retrieval system using the TAXIR
modules, it is necessary to have a specific collection of items of interest in
mind. This collection may be enlarged, decreased, or altered at any time, but
it is necessary to have some specific collection under consideration at the
onset. It is further necessary to designate at the onset some number of des-
criptors for this collection. These, in turn, may be changed, deleted, or
enlarged. The Data Bank is the totality of items with the associated descriptor
states for each respective item.

v. CONTROL VOCABULARY: This is the totality of all descriptor names to-
gether with all descriptor state names. It is with this vocabulary, enriched
slightly by the addition of a few special words, expressed through the grammar
°nd syntax of the TAXIR language, that we communicate with the TAXIR system.

2. THE TAXIR LANGUAGE
The TAXIR language is comprised of basic statement types. Some of these
basic statement types are:

i. 1I.D.: This statement enables you to identify yourself to the system.
Your identifying comments will be associated with each response you receive
from the system.

ii. ACCESSIONER MODULE STATEMENWT: By means of this statement you describe
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to the rccessiocner module the basic structure of the accessioner you wish to
design. It is through this statement that the system learns the names of the
descriptors you wish to use as locating information. In response to this state-
ment, the system establishes the necessary tables and dictionaries, and makes
available the appropriate processors required to create an accessioner meeting
your specifications.

iii. BOOK MODULE STATENENT: This statement is the analogue, in the Book
module, of the Accessioner module statement.

iv. DEFINE ITEM: By means of these statements, one per item, the data
bank is described to the system. The Define Item statement is the means by
which we associate an item with the descriptor states to which it belongs.

v. PRINT BOOK: Statements (iii) and (iv) enable us to make available to
the TAXIR system the information reguired to create a Book. The statement
causes the Book to be created and printed.

vi. PRINT CONTROL VOCABULARY: Statements (ii) and (iv) enable us to
create an accessioner. This statement asks the system to provide us with that
portion of the control vocabulary which is needed in order to communicate with
the accessioner.

vii. OUERY: There are essentially two types of Queries, known as Query 1
and Query 2.

a. Query 1: By means of Query 1 we can provide a leogical combination
of locating information to the ~ccessioner. The Accessioner responds by pro-
viding the list of items which meet this locating criterion. To illustrate this
let us assume that we are interested to see what specimens in the genus fanihot
from Arizona and New !lexico were collected between 1940 and 1968 by persons
other than Dr. D. J. Rogers. The Query would loock like:

QUERY, Please list items with genus, Manihot »”D state of collecticn, Arizona OR

New Mexico ;-5 year of collection, TR0 1940 Tr 1268 71 NOT collector, D.J.Rogers*
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b. Query 2: This statement is very similar to Query 1l except that it
requests additional information be associated with each item in the response list.

viii. KEY TO: This statement enables us to use the TAXIR accessioner as an
identifying device.

ix. MEMO: If we wish to include with the response additional comments, it
can be done by means of this statement.

These are not all of the statement types in the TAXIR language. This brief

list does, however, serve to illustrate the power and flexibility of the TAXIR
system. An exhaustive exposition of the TAXIR language is inappropriate in this

introductory document. This information will be found in the Users' Manual, "The

TAXIR Primer,"” which is presently under development.

3. BUILDING A DATA BANK

To use the TAXIR system to aid the management of information represented in
a biclogical collection it is necessary to build a Data Bank. There are three
parts to the process.

Pirst it is necessary to decide what descriptors are desired. These will
depend on the nature of the material to be descriked and the purpose to which the
system will be put. This choice of descriptors may be made without considerations
of whether they will be used in the Accessioner, in any of the Books, in Disolay
or in any combination of the three. Further, with but few exceptions, it will not
be necessary to decide on states for the chosen descriptors at this time. then
the descriptors have been chosen they are arranged in a fixed but arbitrary order,
called DEFINE ITEM order.

Second it is necessary to design a means of assigning item identification
numbers to the items in the collection (see Section II, par. 3; Sect. IV, 1, par.
3; Sect. IV, 2, par. 1) in such a way that the item identification number enables

one to locate the specimen in the collection. Frecuently museum accession numbers
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serve this purpose already. In other cases, a new item identification number may
orove useful. In other cases, an iten identification number directly interpretable
in terms of row, cabinet, shelf, etc. would be convenient. Some consideration has
been given to the advantaces of a seguential assignment of item identification
number.

The final phase, and indeed the most costly in time and money, is the des-
cription of the items in the collection. By means of TAXIR Define Item statements
each item must be described (1) by associating it with the appropriate states of
the descriptors established in the first phase, and (2) by assigning to it an
item identification number in accordance with the scheme established in the second
phase. These Define Item statements, one per item, are then punched into compu-
ter cards (or for that matter any machine readable medium) to be read by the TAXIR
system.

The Define Iter statement begins with the words DEFIVE ITEM and continues
with the item identification number for the item being defined. This is followed
with a comma; then the name of the appropriate state for the first descriptor
(first in the Define Tten order); then another separating comma; then the name of
the appropriate state for the second descriptor; then a comma and so forth until
the name of the last descriotor state is entered. This last is followed not with
a comma but with an asterisk which indicates the end of the statement.

The Data Bank has been defined vhen a Define Item statement has been con-
structed for each item in the collection. These Define Item statements may now
be used to describe the Data Bank to any of the modules in the TAXIR system.

4, APPLICATIONS OF THE MODULES OF TARXIR

There are two basic applications of the TAXIR system (Sect. I, par. 3);
the museum application and the monograrhic application. In the museum application,
the data bank is characterized by many items but relatively few descriptors. In

the monographic application the data bank is characterized by relatively few items
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but a depth of descriptors. (See figure.)

v

items

Curatorial
Bank

descriptors

Monographic
Bank

It is anticipated that the monographer who will need to describe his items
in depth, recognizing descriptors of morphology, cytology, ecology, as well as
the essential curatorial descriptors, will be able to take full advantage of the
information manipulating powers of the TAXIR accessioner.

The curator, whose concern is a larger collection, which, at least in the
short run, does not possibly admit description in such depth, will find the Book
module a useful application of the TAXIR system.

The anticipated DATA VET ~odule will be useful in either application.

VI. CONCLUDING REMARKS

The TAXIR system is an automated tool which, when taken together with the
sodern principles and practices of biological museum curation, can be used to
render the information storage/retrieval methods in biology more complete, more
flexible, and easier to use. It can in no way be construed to replace the
museum, the curator, or the biologist. Rather, it recognizes the immense con-—
tribution which museums make to the advancemesnt of biological science, and ex-
ists to defend and strengthen the position of the museum in the biological

community.
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TABLE OF DESCRIPTORS

FOR CURATING MANIHOT SPECIMENS

?::‘;:pg;r g::gr?;*zte Option HModule (See Gong‘::lhe:;:abuiaw)
I Uses NAME  Accessioner Here should appear
2 Vernacular name NAME  Accessioner conventions adopted
3 Most recent iden- NAME  Accessioner by the user.

tification & Book
4 Most recent iden- NAME  Accessloner
tifier & Book
= Other identifications NAME Book
6 Rogers et Appan NAME  Accessioner
identification & Book
7 Type designation NAME  Accessioner
8 Author NAME  Accessioner
9 Original name of type NAME Book
10 Col lector NAME  Accessioner
11 Col lector number NAME  Book
12 Duplicate Specimens NAME  Accessloner
13 Year of collection ORDERED Accessioner
NAME
'4 Month of collection CODE  Accessioner
15 Day of collection CODE  Accessioner
0 Country of collection NAME Accessioner
& Bcok
17 Province/State of NAME  Accessioner
col lection & Book
18 Precise locality of NAME  Book
collection
19 Herbar jum NAME  Accessloner
& Book
20 Herbarium accession # NAME Book
2i Condition of flowers CODE Accessioner
22 Condition of fruit CODE  Accessioner
23 Condition of roots CODE  Accessioner
24 Mature seeds CODE  Accessioner
25 Condition of specimen CODE Accessioner & Book
26 Additional comments CODE  Accessioner
27 Comments NAME Display
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These are sample queries as posed in the TAXIR language and responded to
by the TAXIR Accessioner:

The first requests the types from Mexico. It is a Query 1.

The second requests the Palmer E. collections. It is a Query 2 and
further reguests information on geography and date.

The third is to discover the quality of the collections from
herbarium ARIZ.

The fourth query is one which might be posed in preparation for a
field trip to the Sonoran Desert region of Mexico.

The next queries are posed to a new data bank of the morphology of the
Central American species. These queries illustrate how the TAXIR Acces-
sioner may be used as a simultaneous key.

The fifth query attempts to identify the unknown M. tomatophylla
Standley. The description here made was rich enough to eliminate
all but three species.

The sixth query uses the "Result" feature of the TAXIR Accessioner
to include another criterion in the description. This was sufficient
to make the determination unique.

In the seventh query our unknown specimen consisted of nothing more
than a single seed. A simultaneous key, such as the TAXIR Accessioner,
allows us a best possible guess.

The eighth, ninth and tenth queries show the simultanecus key identi-
fication of the unknown M. isocloba Standley. These show how the
Result feature of the TAXIR Accessioner may be iterated as often

as is needed.
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QUERY LIST ITEMS WITH COUNTRY OF COLLECTION,
MEXICO AND NOT TYPE DESIGNATION,SP*

RESPONSE:
5]

209

359

A33

750

684

794

831

NO. OF ITEMS IN QUERY RESPONSE =

489

746

791

826

789

210
367
436
786
747
822
797

208
357
432
744
771
830

829

76

354
49|
488
685
787
796

795

330
435
455
784
678
828

825

60
358
43|
438
748
745

356

502

434

772

785

795

69

355

487

490

788

682

827

683

743

749

B23

entation



QUERY - GIVE INFORMATION OM! COUNTRY OF COLLEFTIONS
PROVINCEZSTiTE OF COLLECTIONsAND YEAR OF CULLECTION
FoR COLLECTIONS WHICH HAVE COLLECTORs PALMER E.#

RESFPONSE 1
ITEM NO,.

49
53
51
55
50
54
52
56
137
135
134
136
225
223
224
342
334
332
344
343
333
438
683
786

685

REGQUESTED STATES

MEXICU,
MEXICU,
MEXICU,
MEXICOU,
MEXICU,
MEXICO,
MEXICO.
MEXICO,
MEXICU,
MEXICU,
MEXICU,
MEXICU»
MEXICU,
MEXICO,
MEXICO,
MEXICO,
MEXICU,
MEXICO,
MEXICU,
MEXICU,
MEXICO,
MExICU,
MExICo,
MEXICU,

MEXICO,

JALISEOy 1886
JAL1SCOs 1RB6
JALISEOy 1886
JALTSCOs 1886
JALISCOy 1886
JALISFO, 1886
JALTSEOs 1886
JALTSCOs 1886
SONORAY 18B7
SONpRA» 1887
SONORAY 1887
SONORAs 1887
SINALDAY 1897
SINALOA, 1B97
SINALOAs 1897
COLImMA» 1890
COLIMA» 1850
COLTMAY 1890
GUERRFROy UNKNOWN
GUERRFRO» UNKNOWN
cOLTMar 1890
CHIHUAHUA, 1885
SINALNA,y 189]
DURANGOy 1896

SINALDAs 1891
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784
788
£B4
787
785
682
R42
A38
840
A43
839
789
R37
841

MEXICO,
MEXICU,
MExICu,
MEXICO,
MEXICU,
MEXICO,
MEXICO»
MEXICU,
MEXICU,
MEXICO,
MEXICO,
MEXICO,
MEXICU,

MEXICU,

DURANGO
DURANGO
SINALDA,
DYRANGO s
DYRANGO»

SINALDAS

TAMAUL IPAS,
TAMAUL IPAS,
TAMAUL IPAS,
TAMAULIPAS,

TAMAUL IPAS,

DYRANGO s

TAVMAUL IPAS,

1896
1896
1891
1896
1896
1891

1896

1907
1907
1907
1907

1907

1907

TAMAULIPAS, 1907

NO« OF ITEmMS IN QUERY RESPONSE =

39
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RIIERY PROVIDE
cANDTITION OF

AND cANDITION OF SPECIMEM FOR SPECIMENS WITH HERBARIUM.

aQlie

RFSPA: SF ¢
1TF: NO,
37
97
113
9=

79

124
142

12n

297

2913

Digitizéd*by

INFORMATTON ON: CONDITION OF FLOWFRS.
FRUIT+CONDITION OF ROOTS+MATURE SEENSs

REQUESTED STATES
PRESENTs ARSENTs ABSENTs ABSENT. FATIR

PRESFENTy MATURE+ ABSENTs UNKNOWNs FAIR
PRESENTs IMMATURE» ABSENTs ABSENTs FAIR
PRESENTs ARSENTs ABSENTs ABSENT, FAIR
ABSENT. MATUREs ABSENT, UNKNOWN, PNOR
ABSENTs MATURE, ABSENT. UNKNOWN. FATR
ABSENT, MATURE, ABSENT, PRESENT, FATR
PRESENTs IMMATUREs ABSENTs ABSENTs FAIR
ABSFNTe« MATUREs ABSENT, PRESENT, FAIR
ABSFNTs ABSENTs ABSENT, ABSENTs PONR
ABSFNTs MATUREs ABSENT, PRESENT. FAIR
ABSFNTy MATURE, ABSENT. PRESENT., FaAlR
PRESENTs IMMATUREs ABSENTs ABSENTs FAIR
PRESENTs ABSENTs ABSENTes ABSENT, PONR
PRESENTs IMMATUREs ABSENTs ABSENTs FAIR
PRESENTy ARSENT» ABSENT, ABSENT, PNNR
ABSENT+ ABSENT» ABSENT, ABSENTs POOR
PRESENTs IMMATUREs PRESENTs ABSFNT, FAIR
ABSFNT, MATUREs ABSENT, PRESENT. FAIR
PRESENTs IMMATUREs ABSENT, ABSENTs FAlR
PRESENTs ASSENTs ABSENTs ABSENT. PNNR
PRESENTs IMMATURE+ ABSENTs ABSENTs PNOB
ABSENTs ABSENTs ABSENT, ABSENTs PONR

PRESENTs ARSENTs ABSENTs ABSENT, PANR

€
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284
297
30R
286
313
677
760
748
747
82n
807
g15
797

B0

PRESENTs ARSENTs ABSENTs ABSENT,

PRESENTs ARSENTs ABSENTs ABSENT,

FATR

PONR

ABSFNTs ABSENT, ABSENT. ABSENTs POOR

ABSENT+ IMMATURE, ABSENT» ABSENT, PNOR

ABSENT, MATUREs ABSENT, UNKNOWN,

PNANR

PRESENT» MATUREs ABSENTs UNKNOWNs FAIR

ABSENT, MATURE, ABSENT, PRESENT,
PRESENTs ARSENTs ABSENT» ABSENT,
PRESENTy ARSENTs ABSENTs ABSENT,
PRESENTy ABSENTs AHSENTs» ABSENT,
ABSENTs MATUREs ABSENT, PRESENT,
PRESENTs ARSENTs ABSENTs ABSENT,

ABSFENTy MATUREs ABSENT. PRESENT,

POOR
POOR
FAIR
FATR
FAIR
FATR

FaATR

ABSENTs ABSENTs ABSENT, ABSENT» pPOOR

NAs OF TTFMS IN QUERY RESPONSE = 39

RFAD rnPUT FROM CARDS®

Digitized by the Hunt Institute for Botanical Documentation




QUERY STATF:!: MONTH OF CCLLECTIONs UAY OF COLLECTIONS

PROVINCE/STATE OF COLLECTIONs CONDITION OF FLOWERS, AND CoNDTTION OF FRUIT FOR
COLLECTIONS WITH PHOVINCE/STATE OF COLLECTION, CHIHUAHUA nR DIRANGO OR SINALDA
OR SONORA®

RESFONSF: .
ITEM NO. REQUESTED STATES @
101 AUGs? 10+ CHIHUAHUAs ABSENTs ABSENT

85 JUKEs» 304y CHIHYAHUAy PRESENT» ABSENT
97 AUGs+v 10s CHIHYAHUA, PRESENT, MATURE
B9 UNKNOWN, UNKNNWNs SONORA, PRESENTs ABSENT

95  SEPT«» 2, SoNnRA» PRESENTs ABSENT
103 JULYs 12+ SINALOA, PRESENT, ABSENT
87  UNKNOWN, UNkNOWN» SONORAy ABSENT, ARSENT i
99  AUGs» 10+ CHIKRYAHUA, ABSENTs IMMATURE .
91 SEPTes 13» SONORA, ABSENT, ABSENT

94  SEPTes 2y SONORAs ABSENTs MATURE

102 AUG«s 10y CHIHUAHUAs PRESENTs MATURE
B6  JUNEs 30y CHIHUAHUAs PRESENTs ABSENT

98  AUGe» 10y CHIARUAKUAs PRESENTs MATURE

90 JULYs 25, SoNnRAs PRESENT, ABSENT

96 SEPT.» 2, SONARA» ABSENT, MATURE

88 SEPTs» 9, SONNRAs ABSENT, ABSENT

100 AUGs® 10y CHIHUAHUAy PRESENTs MATURE

137  UNKNOWN, UNKNDWN» SONORA, ABSENT, MATURE

133 SEPTes» 12» sonORA, ABSENTs ABSENT

121  SEPT.» 12» SONORA, ABSENT, MATURE

135  UNKNOWN, UNKkNAWN» SONORAs ABSENT, ARSENT

1646  UNKNOWN, UNKNOWNs SONORAs PRESENTs ABSENT
134 UNKNOWN, UNKNAWN» SONORA, ABSENT, MATURE

132 SERPT.r 12+ SoMORAy ABSENTs MATURF

128  0CTes+ 5, SINA|OQAy ABSENTs MATURE
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136
225
223
235
224
303
245
299
307
305
301
293
309
304
246
262
300
308
244
306
302
294
346
311
350
348
313
360

347

UNKNOWN, UNKNOWNs SONORA, ABSENT, ABSENT

SEPTss VARIABLEs SINALOAs PRESENTs TMMATURE

SEPTes» VARIABLEs SINALOAs PRESENTs ABSENT

UNKNOWN, UNKNOWNs SINALOA, ABSENT. MATURE

SEPTer VARIABLEs SINALOAs» PRESENTs TMMATURE

SEFTer 1

SonNnRAs ABSENT, MATURE

AUGes UNKNOWN., SINALOAy PRESENTs ABSENT

SEPT«r 1

SONNDKAs ABSENTs MATURE

SEPTes 259 SINALOAs ABSENT, MATURE

AUGer 17,
SEPTer 1
JULYs 17
NOVes 23,
SEPTss 14
JULYs 284
JULYs 10
SEPTer 14
AUGsy» 25,

SINALOA, ABSENTs MATURE
SONORAs ABSENTs MATURE
SONORAs PRESENT, ABSENT
SINALOA, ABSENTs MATURE
SONnRAs ABSENTs MATURE
SinaL0A, PRESENT, IMMATURE
SINALOA, PRESENT, ABSENT
SoNORAs ABSENTs MATURE
CHIHYAHUA, ABSENTy ABSENT

AUGs» UNKNOWN, SINALOAs PRESENTs ABSENT

AUGss 170

SINALOA, ABSENTs IMMATURE

SEPTss 1y SONAHAs ABSENTs MATURE

JULYs 17, SONORAs PRESENT, ABSENT

SERPTe» 21» SINALOAy ABSENT, IMMITURE

NOVes 23y SINALOA, ABSENT» MATURE

SEPTes 21» SINALOA, ABSENT, IMMATURE

SEPTer 21y SINALOA, AHBSENT, MATURE

NOVes» 23, SINALOA, ABSENTs MATURE

UNKNOWN

UNKNOWNs SINALOAy PRESENTs ARSENT

SEPTss 21» SINALOA, ABSENTy MATURE
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312 NOVes 23y SINALOA, ABSENT» MATURE

310  NOVs» 23, SINALOA, ABSENTs MATURE

349  SEPT.» 21+ SINALOAs ABSENT, ABSENT ‘47 CErUGt
314  SEPTa» 21y SINALOA, ABSENT, MATURE

345 SEFTsy 22+ SONURA, ABSENT» MATURF

438  UNKNOWN. UNKNOWNs CHIHUAHUA, ABSENT, MATURE
675  AUGss 22, SINALOA, PRESENT, ABSENT

677 AUGev 229 SINALOA, PRESENT, MATURE

&6T6 AUGes 224 SINALOA, PRESENT, ABSENT

674  AUGes 22+ SINALOA, PRESENT, IMMATURE

735 JULYs 11y SINALOA, PRESENT, ABSENT

7764 AUGey 64 CHIHUAKUA, ABSENT, ABSENT

#B3  UNKNOWN, VARTABLE, SINA_0A, PRESENT, MATURE
782 SEPTes Sy CHIHUAHUA, ABSENTs MATURE

679 JULYs 12, SINALOA, PRESENT, ABSENT

778  AUGes 64 CHIHUAHUA, PRESENTs MAT|RE

786  UNKNOWN, UNKNOWNs DURANGOs PRESENTs MATURE
776 AUGes 6y CHIHUAHUAs PRESENT» ABSENT

685  UNKNOWN, VARTASBLE, SINALOA, PRESENT, ABSENT
784  UNKNOWNy UNKNOWNs DURANGOs» PRESENTs ABSENT
681  AUGs» 30+ SINALOA, ABSENTs MATURE

780 SEPTes S, CHIKUAHUA, ABSENTs MATURE

788  UNKNOWN, UNkNOWNs DURANGOs PRESENTs MATURE
775  AUGsv 6,y CHIHUAHUA, PRESENTs ABSENT

684 UNKNOWNy, VARTABLE, SINALOA, ABSENTs ARSENT
783 0OCTes 295 CHIHUAHUAs ABSENT» MATURE

6B0  AUGs» 30+ SINALOA, ABSENTs MATURE

779 SEPTs» 54 CHIHUAHUA, ABSENTs MATURE

UNKNOWNy UNKkNOWNs DURANGOs PRESENTs MATURE
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A78
777
785
682
781
730
773
818
B02
794
Blo
790
R06
798
814
820
RO4
796
812
792
RO8
ROO
316
819
803
795
811
791

807
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JULYs VARIABLE» SINALOA, PRESENT, ARSENT
AUGs+ 6y CHIHIIAHUA, PRESENTs+ ABSENT

UNKNOWN, UNKNnWN» DURANGOs PRESENTs MATURE
UNKNOWN, VARTABLE, SINA_OA, PRESENT, ABSENT
SEFTer 5y CHIHYAHUAs ABSENTs» MATURE
JULYr 10+ SinaLOA, ABSENTs ABSENT

AUGes» 64y CHIHUAHUA, ABSENT, ABSENT
JULY» 6y SONORAs PRESENTs ABSENT

SEPT«» &y SoNoRAy ABSENT, MATURE

AUGes 10y CHIHUAHUA, ABSENTs MATURE
JULY» 74 SCNORAs PRESENTs MATURE

SEPTes 24» CHIHUAHUAs ABSENTs MATURE
OCTes 14y SINALOA, ABSENTs MATURE
SEPT«s VARIABLEs SONORA, ABSENTs MATURE
JULYs 30+ SonNnRAs PRESENTs IMMATURE
JULYs &, SONORAs PRESENT, ABSENT

OCTes 14y SINALOA, ABSENTs MATURF

AUGss 10» SoNDRA» ABSENTs MATURE

JULYs 7+ SONORAs PRESENTs IMMATURE
AUGes 234 CHIHYAHUAs PRESENTs MATURE
OCTes Ty SONORAs ABSENT, ABSENT

SEPTe+ 23y sonORA, ABSENTs ABSENT

JULYs 6y SONORAs PRESENTs ABSENT

JULYs &y SONORAs PRESENT, ABSENT

OCTes 14y SINALOA, ABSENTs MATURE

AUGey 10+ CHIMUAHUAy ABSENT» MATURE
JULYs 74 SCNORAs PRESENT, ABSENT

SEFTss 24+ CHIHUAHUAs ARSENTs MATURE

OCTss 14y SINALOA, ABSENT» MATURE




799  SEPTe» VARIABLEs SONORA, ABSENT, MATURE
815 JULYs 31+ SONORAs PRESENTs ABSENT JC}ﬂizi
789  UNKNOWN, UNKNOWNs DURANGOs PRESENT» MATURE
821 NOVes 1+ SINALOA» ABSENTs MATURE
B05 OCTss 14, SINALOA, ABSENT, MATURE
797  AUGs» 10s SONOHAs ABSENTy MATURE
813 AUGss VARIABLF' SONORA» ABSENTs MATURE
793  AUGss 10+ CHIHUAHUA, ABSENTs MATURE
809 OCTes 7o SONORAsy ABSENT, ABSENT
a0l  SERT.+ 23y SonORA, ABSENTs ABSENT
817 JULY» 6, SONORAs PRESENT, ABSENT
Q00 SEPTes 4y CHIHUAHUA, ABSENTs MATURE
NO. OF ITEMS IN QUERY RESPONSE = 124
MEMO: T WOULD LIKE TO PLAN A FIELD TRIP TO THE SONORAN DESERT®

Digitized by the Hunt Institute for Botanical Documentation




Tnt MANIMOT MORPHOLOGICAL DATA BANK = 3 OCT. 68

KFY Tr ROGERS ET APPAN IDENTIFICATION:

LFAF VFNATIONs CAMPTODRNMOUS AND
BASE AF LAMINAyNARROWLY PELTATE! 02 = 0.5 Cme

RESPNLSE!
1TFw NO,.

22
la
1
104
13
506
508

507

REQUESTED STATES
MJMTCHAELIS MCVAUGH

M. TOMATOPHYLLA STANDLEY
M,CAUDATA GREENMAN
MuMTCHAELIS MCVAUGH
M.CAUDATA RREENMAN
MeCAUDATA GREENMAN

M. TOMATOPHYLLA STANDLEY

M.MICHAELIS MCVAUGH

N0« OF TTFMS IN QUERY RESPONSE = 8

Digitized by the Hunt Institute for Botanical Documentation




1INt mManIHOT MORPHOLOGICAL DATA BANK = 3 OCT. 68
KFY Tn ROGERS ET APPAN IDENTIFICATION!

- AFSUL T AND OUTLINE OF MEDIAN LOBEs
paNDUBATE: BASA_ PORTION ROUNDED®

¥ RFSPOs SE !
ITew NO, REQUESTED STATES

3 la M. TOMATOPHYLLA STANDLEY
508 M. TOMATOPHYLLA STANDLEY

NO. OF TTEMS IN QUERY RESPONSE = 2

-

Digitized by the Hunt Institute for Botanical Documentation




TRt MANTHNT MORPHOLOGICAL DATA BANK = 3 OCTs. 68

KFY T~ ROGERS ET APPAN TDENTIFICATION:

SFED <17E/SHAPE, VERY LARGE! > 2 Cme
RFESPO:. SF1 @

ITFuw NO. REQUESTED STATES
501 M.FOETIDA [HeB.XK.1 POHL

Nf. N TTFMS IN QUERY RESPONSE = 1

Digitized by the Hunt Institute for Botanical Documentation




MaNIHOT MORPHOLOGICAL DATA BANK = 3 OCT. 68

ST
KFY Tn ROGERS ET APPAN TDENTIFICATION!

LFAF UFNATIONs CAMPTODROMOUS AND BASE OF LAMINA.
NON=FPF| TATE®

o RFSPN. SF 1

ITFw NO, REQUESTED STATES

- 63 Mo AESCIHLIFNLIA [HeB4Ke) POHL

50 MsPRINGLEI WATSON

177 MoAESCULIFOLIA [HeBeKel POHL

- 60 MeCHLOROSTICTA STANDLEY ET GOLOMAN

7 M PAUCIFLORA T.S.BRANVEGEE
iA| MoAFSCULIFOLIA [HeB.Ks] POHL

.t 103 NEW NAXACA SPECIES

381 MJ.ESCULENTA CRANTZ

45  M,ISNLOBA STANDLEY

= 36 M. UDIBUNDA CROIZAT

248 MJ.CHLOROSTICTA STANDLEY ET GOLDMAN

171 M,AESCULIFALIA [HeB.Ke) POHL

= 39 M,1SO0LOBA STANDLEY

201 M.AFSCULIFOLIA SSP. INTERMEDIA STAT.NOV,
218 M.CHLOROSTICTA STANDLEY ET GOLDMAN

- 7o Me AESCULIFNOLIA (HeBuKel POHL
33  M.CHLOROSTICTA STANDLEY ET GOLDMAN

383 M.ESCULENTA CRANTZ

- 150 Me AFSCULIFOLIA [HeBoKe] POHL

512  M.AESCULIFOLIA (HeBuKe) POHL
Ta  MJAESCULIFNLIA [HeBoKe] POHL
5 52 M<PRINGLEI WATSON
187 MJAESCULIFOLIA [HeBuKe] POML
61 M,CHLOROSTICTA STANOLEY ET GOLUMAN
" AR M.PAUCIFLORA T.S.BRANUDEGEE
Digitized by the Hunt Institute for Botanical Documentation




1Dt MANIHOT MORPHOLOGICAL DATA BANK = 3 OCT. 68

78  MJAESCULIFOLIA [HeB.Ke] POHL S) Cn\){

19 M,CHLOROSTICTA STANDLEY ET GOLDMAN
= 382 M.ESCULENTA CRANTZ
49  M,1SOLOBA STANDLEY
35 M. UDIBUNDA CROIZAT
= 27  M.DAVISIAE CROIZAT
513 M, UDIRUNDA CROIZAT
3 MJFNETIDA [HeBaK.] POHL
= 17 M AESCULIFNLIA [HeBeKse] POHL
SR NEW OAXACA SPECIES
43 M.T1SOLOBA STANDLEY
= 268  MJAFSCULIFOLIA [HeB.Ke] POHL
P45 M.CHLOROSTICTA STANDLEY ET GOLDMAN
BA  M,AESCULIFOLIA [HeB.Ks] POHL
= 57  M.CHLOROSTICTA STANDLEY ET GOLDMAN
519 M.ESCULENTA CRANTZ
153 Mo AFSCULIFOLIA [HeB4Ke) POHKL
= S1n  M.CHLOROSTICTA STANDLEY ET GOLDMAN
502 M.PAUCTIFLORA T.S.BRANUEGEE
506 MJ.PRINGLEI WATSON
= 352 MJAURICULATA MCVAUGH
505 M.ISOLNBA STANDLEY
500 NEW DAXACA SPECIES
5 E0) M.FOETIDA [HeB.K.] POHL
511 M.DAVISIAE CROIZAT

NDO« OF ITFMS IN QUERY RFESPONSE = 50

Digitized by the Hunt Institute for Botanical Documentation
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TNt MANIHOT MORPHOLOGICAL DATA BANK = 3 OCTe 68

KFY Tn RORERS ET APPAN TDENTIFICATION!
OUTLINE OF MEDIAN LOBEs LINEAR AND RESULTe

RESPANSE!
ITFu NO, REQUESTED STATES

45  M,1SOLOBA STANDLEY
30 M.ISOLOBA STANDLEY
387 M,ESCULENTA CRANTZ
49  M.IS0LOBA STANDLEY
43 M.ISNLOBA STANDLEY
505 M,ISOLOBA STANDLEY
NN. OF ITEMS IN QUERY RESPONSE = 6

@




TNt MANTHNT MORPHOLOGICAL DATA BANK = 3 OCT. 68

KEY T~ RNGERS ET APPAN IDENTIFICATION!

SHAPE nF MEDIAN (0BE APEXs FIG. B AND RESULT®
RESPONSFI
ITFv NO, REQUESTED STATES

4%  M.ISOLOBA STANDLEY
38 M.ISOLOBA STANDLEY
69  M.ISOLOBA STANDLEY
43 M,1S0LOBA STANDLEY

505  M.,T1SOLOBA STANDLEY
NO. OF ITFMS IN QUERY RESPONSE = 5

RFAD TnNPUT FROM CARDS

EnD
Ei'APSFN TIME IN SECONDS SINCE LAST TIME STATEMENT
CFENTRaI PROCESSOR: 11,570 PERIFPHERAL PROCESSOR! 1406.429

Digitized by the Hunt Institute for Botanical Documentation




ID: manTHOT CURATORIAL NATA BANA = 30 SEPT. KA

ACCERcTrN MODULE!

USES. 11+ NAMEs )

VERIAFIII AR NAME (27 NAME, &),

MOST nErENT IDEMTIFICATION (34 NAME, 9l

MOST ofrfE T IDEMTIFTER (4 NAME» The

TYPE ~FSIGNATION (7 NAME.4),

AUTHNAr [H«NAMEsg) 4

COLLEATOR (10s maAMEs 9),

DUPLTFATE SPECIMENS (12, NAME, 9)4

YEAR ~F COLLECTTON (13 BOTH, 1753y 17544 1755y 17564 1757, 17584 1759+ 1760
1761 17621 17634 17644 1765, 1/86y 1767, 1762+ 1769s 17704 1771. 17724 17734 17
T4 17724177641777+177841779 ]?Bu.1?31.1?32.l7n3.]?34.1735-1?8691757.1785-1789-
1?9~.1791.1?92.{?93.1794.1?95.1f@e-1797.1?95.?70n.1auu.1801;1802.lﬂoaulanq.laas.
1&06.1nn?.1aoa.iaa9.1aln.1al1.1u12-1313.1316.?315.1816.1&1?.1815.1319-18?0.!321.
]822.1ﬂ23‘182¢-?325.lBEA.lBZT.15?8t1329-1830.i811-1832-1833.!83#.1835-1836.133?-
3333.1n39.1n4n.?a¢2.184?.1843.1a¢4.13a5.1a~6.|Ba?.la4a.1B~?.1950.1851-1352.1353.
lﬂsa.tnFE-lﬂSﬁ.?aqT.185n.18%9,1ﬂa0-1861-1862.f853.1864.1365.1865.1357-1868.1869e
]57'.1n?lcl%TE-TBT3-IB?¢;IETS.l§7ﬁ|18??01878.T87Q.1330-1831.1882.1383-188“.1885-
IBSb.|RET.1§BB.TBB?.189n-1891.ldazv1893.189¢.iBQE-lBQG.189?.1898.189“.1900.1G01.
1902.1nn3;]aua.{an5.100a.1907.1?03!1909.1910.?911.1912.1913,1914¢1915-1916.1917.
l91H.1019.1020-?021.1922.1921.1924-1925.1926.?977.1928.192?.1930.1931-1932.1Q33.
193¢.1a35.1Q36-TQ37.193n.193o.£9¢n-19&1.19&2.{9a3.19¢4.19¢g.|q¢5.19¢7.19¢u,1q‘9.
195n.1u51.1@52.{953.1954.1955.1966v195?.1958.19q0.1960.19&1.1962.1963-1964.1965.
1966419R7,1968) ,

MONTW NF COLLECTION (14, CODE, JANs .+ FEBey MAna., APR.s MAYs JUNE, JULYs AUG. s
SEPT.. NCTas NOV.s DECs. JAN,=FER, FEBu=MAR,, MAR.=APR,y ApP,=MAYjs MAY=_UNE »
JUNE= 1LYy JULY=AUG.s AlIGe=SEPTs, SEPT.=0CTss OFT.-NOV., NOyo=DECss DECa=JaN,
VARTAR|IF 1y

DAY ne COI'LECTIAN (154 ~ODE, 1'¢-3'$c5i6-?-3unc10-llc1?.1301&:15.16-17v13o19o20o
21.2?.93.24.zs.ﬁa.27.29.29-3nud¢.vﬁ91aBLEJ-

COunToY OF COLLFCTINN (169 NAMEY 4),

PROVI+ CF/STATE nF COLLEATION (Lfy NAMEs 73

HERBARTIM (19s MAME, 5),

CONDTTTION OF FLAWERS (214 CODESs ABSENTs PRESEANT) »

CONUTTTON OF FR|ITT (22+ CODE, ABGENT, IMMATURFs DAMAGED. MATURE) «

CONDTrTNAN OF ROATS (23 CODE, ASSENT, PRFSENT) s

MATURF SEEDS (24+ CODEs ABSENTs PRESENT).

CONDTTTIAN OF SPFRrIMEN (25s CnDEs POORy FAIRs mOAN)

ADDITTONAL COMMENTS (26, CODE, ARSENT, PRESENT)®

NO. Ne DESCRIPTARS 27
READ rnmEUT FROM TAPE®

DEFTNF ITEMSE
1 5 *MaPAUCTFLORA BRANDEGEE + N0 +TYPF 4BRAMDEGEF T,S. +M.PAUCIFLOR
A T.S.APANDEGEE PURPUS CsA, r134lA v1  +11anB 6 » +MEXTCO +PUEBLA
VTr. OF SAN | UTIS TULTITLANARA/NEAR OaxaCa,
ME SN IRTE S w2l TR 51 vd v2 sl  JNA®

2R 'MaPAUCTFLORA BRANDEGEE + ,ND * +TYPF +BRANDEGEF T.%. «MePAUCIFLOR

A T.S.APANDEGEE +PURPUS C.A. 3418 v1 1908 46 4 WMEVICO +PUFBLA '
Vir. OF SAN jUTS TULTITLAMAFA/NEAR OAxACA,
UE A TATRS 2. 2 51 i 12 sl  yNae

R 'MePAUCTFLORA BRANDEGEE 'NO v WTYRF  +BRANDEGEF T.S. sMePaUCTIFLOR

ek t[;fgaygfzcéé b‘;iﬁlpg Hunt In¥ttutd for! Bétartical DEifhetfiUldn »




101 s.mPLE AOOK AUN=1 0~Te BR

BOOK +71Le A SAmPLE HOOw OF a FLw MANIHOT SPE~IMFNS

BOOx wANULE: CONMTRY OF CcOLLFCTION (18)s PROVINAF/STATE OF enLLEcTION (17),

HERBanTLM (19)s MOST REFENT TDENTIFICATION (3)s COLLECTOR (10) +COLLECTOR NUMBER
(11) s uFRBARIUM ACCESSIOwn NUMRER (20)®

NO, ne DESCRIPTnAuS 27¢

DEFIMF TTEMS:
Vel sMePAUCTFLORA BOANDEGEE + oNO 4 +TYSF +BRANDEGFF T.S. «M.PAUCIFLOR
A T.S.RRANDEGEE +MIIRPUS CesA, 9341A 41 1908 «F o« «MEXTCO JPUFBLA ,
Vir. OF SAN | (IIS TULTTITLANAPA/NEAR OAYACA,
uc «1121175 2 b vl 2 ' 2 ol sMNAY

2y s tMPALICTFLORA BRANDEGEE v 4NO o +TYPF +BRANDEGEF T.S« «MsPAUCIFLOR
A T.S.APANDEGEE #FIIRPUS CsA, #3418 41 +190B +6 + «MEXTCO +PUFRLA

Vir. OF SaN | 1ITS TULTITLANAPA/NEAR DAXACA,
UC L:7HTBS .2 2 w1 vl e vl aNA#

= PO »1aPAUCTFLORA BOANUEGEE v WNO s +TYPF +BRANDEGEF T.S. «M.PAUCIFLOR
A T.S_ARANDEGEE «PIRPUS C.A, #3418 1 1948 46 + +MEYICO JPUEBLA

VT~, OF SAN | TS TULTITLANAPA/NEAR OAXACA,
NY T .2 7 ol o1 vl vl sNaw |

by SMoPRAIICTFLORA BoANDEGEE » WNO 4 oTYPF +BRANDEGEF T.S. «MJPAUCIFLOR
A T.S.RHANDEGEE +PIIRPUS CesA, 13418 41 +190B 46 o+ +MEYTCO +PUEBLA ,

Vi-, OF SAN | [JIS TULTITLAGAPA/NEAR OAXACA,
US wr4l114b6 2 2 o1 91 9l sl ynNA®

Sh M PAUCTFLORA BRANDEGEE + «NO + +TYPF +sBRANDEGEE T.S. «MJPAUCIFLOR
A T.S.PPANDEGEF +P1IAPUS Ce&, 13418 41 +19n8 46 » +ME¥T1CO +PUEBLA

Vir, OF SAN | JIS TULTITLANAPA/NEAR OAXACA,
MO 1771294 o+ 2 12 o1 W1 vl 1 NA® é

6y . +M.PAUCTFLORA BRANDEGEE + MO , 4TYPF +BRANDEGFE T,S. +M.PAUCIFLOR
A T.S.AMANUEGEE +PURPUs Ced, 13418 41 419708 +6 + «MEXICO +PUEBLA ,

Vie. OF SAN | 11TS TULTITLANAPA/NEAR OAYACA,
F 274352 2 w2 vl P R § sl anAe

Te +» sM.PAUCIFI ORA BRANDEGEE oNEWCOMR GeB, «NO + <SP +NA +NA sKIMNACH M
« ET cpEaN 9, L1A1 4NA 31959 w11 417 sMEXTCO +NAXACA 4.8 MI. BEYOND TEO
TITLAN TO TECOMAVACALUC M 1B4€02 +2 22 o1 a1 1 12 43350 FTe OR M.®

Bs o« +HM.PAUCTE| NRA BHANDGs ¢ oNO 3 4SP pHATN  sNA  sNA oSMITH CsE., +SsNs
o0 41962 w0 s WMcXICO  JPUEBLA  JVENTA SALADA/S nF TFEHUACANWNO sNO 40
of «0 20 sn 2 8PEC, NU! YET DEPOSITEn o

9y « M PAUCIF| ORs BRANDG. » #NO ¢ +SP  osNMA  oNA +CONZATTT C. #413p «NO

21021 45 425 «MEXIAD  «NAXACA  JCUESTA DF sAN RERNARDINA 1IS 41081208 +2
2 sl v v *] enia®

109 .« WM.PLAUCTFLURA BRANDUG, 9 N0 s 5P LNA +NA sSMITH C«E. ET PETERSON
Fola FT TEJEDA 11,+3563 413 wlebl 47 + JMEXICO +PUEBLA +TEHUACAN AREA/NEA

R COXFATLAN ON FERRO AJIEREADOYF #1556223 41 a1 1 1 41 42 +CA 1000-180
N Ma &

11 . #Me2ALCIFLO DG,  SAOARD ~ 9 wMNA. . o st .
! Digitized by the Hunt Institifte Yor BotdBical DR Entdrion®*?. N
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MANTHOT MORPHOLOGICAL DATA BANK - 3 OCT, 48

PRINT £ONTROL VOCABU| ARYs

1. OUTLINE OF MEUIAN LOBF

e

3.

G

7.

Digitized by, the Hunt Institute for Botanical Documentation

0PTION=CODE NO. OF STATESS A
1. | INEAR
2. TRUNCATE
3. OVATE = OBLONG
4. OVATF = NDRLONG/PANDURATE
5. PANDURATE: BASA; PORTION ROUNDED
6. PANDURATE: BASA| PORTION PRODUCED WYTH ROUNDED ApEX
7. PANDURATE: BASA)] PORTION PRODUCED WITH POINTFD APFX
8. HASTATE/GLADIATE

LEAF VENATION

OPTION=CODE NO. OF STATES= 2
1. CAMPTODROMOUS
2« CRASPEDUDROMOLIS

RASAL LOBULE APEX TERMINATION
OPTION=CODE NO. OF STATES= 3
1. SPINE
2« NO SPINE
3. NN BASAL LOBULE

SHAPE nF BASAL LOBULE APEX OF CRASPEDODROMOUS LEAVES
APTION=CODE NOs OF STATES= 3

le ACUMINATE

P« CUSPTUATE/DILATED

3. CAMPTODROMQUS | FAVES

NUMBER OF LUOBES/COMPARATIVE SIZF

OPTION=CODE NO. OF STATES= I
1. "
Pa 3 + CCCASTONALLY 2 SMALLER
3. 3 + 2 SMALLER
4. 3 + 2 SLIGHTLY SMALLER
S« 3 + ? SMALER + OFTEN 2 MINUTE
fe 3 + 2 SLIGHTLY SMALLER * 2 SMALLER
7« 5 = 9 OCCASIONALLY MORE

S1ZE oF THE MEDTAN _Qpt

OPTION=CODE NO. OF STATES= 11
ls LENGTH < 2,5 cM: WIDTH 1 = 2,5 CM
2. LENGTH 2.5 = 5 aM: WIDTH 1 = 2.5 Cm
e LENGTH 5 = 12 CM! WIDTH 1 = 2.5 CM
4e LFNGTH 5 - 12 CcM! WIDTH 1 = 2,5 CM; DEEP INDENTATION

S« LENGTH 5 = 12 cM:! WIDTH > 2.5 CM

6« LENGTH 5 = 12 cM: WIDTH > 2,5 CM: SHALLOW INDENTATION

T« LENGTH 5 - 12 aM: WIDTH > 2,5 CM: DEFP INDENTATION
R. LENGTH > 12 Cwm: WIOTH 1 = 2,5 CM

S« LENGTH > 12 CM: WIDTH > 2.5 CM

10. LENGTH > 12 cM: WIDTH L = 2,5 CM: INDENTATION

11« LENGTH > = 12 cM: WIDTH < 1 CM

LOWEST (_OBE SHAPE
0PT10N=CODE NO. OF STATES= 7
1. SAME AS MEDIAN | OBE




1D: MANTHOT MURPHOLOGICAL DATA BANK - 3 OCT. &8

2+ SLIGHTLY SMALLER THAN MEDTAN LOBE!: NON=SYMMETRTC
3. ABOUT 1/2 AS [ 0MG AS MEUIAN LOBE! APEX CUSPIDATE
4. AROUT 1/4 AS | noNG AS MEDIAN LNBE! APEX ATTENUATE
S« ABOUT 172 AS LoNG AS MEUIAN LOBE: § = SHAPED

6. VARIABLE: USuaL| Y SAME AS MEDIAN LnRBE

7« ABOUT 1/4 aS | onG AS MEDIAN LOBE! APEX ROUNDED

9. HASE nF LAMINA
OPTION=CODE NO. OF STATES= 5
1. NON=PELTATE
7« NON=PELTATFE: RUNIMEMTARY |LOBES PRESENT
3. NAHROWLY PELTATF! 0,2 = 0,5 CM
4o WIDELY PELTATE: > 0,5 CM
S. VERY NAHROWLY PELTATE! < 0.2 CM

10« LAMINA AT RASE OF MEDIAN LOBE STNUS
OPTION=CODE NO. OF STATES= 4
1. LAMINA DISJUNCT: LEAF APPFARS COMPQUND
2. LAMINA CONNECTED:! NARROW < 0,5 CM
3. LAMINA CONNECTEN! VARIABLE NARROW - WIDE
4., LAMINA CONNECTEN! WIDE > 0.5 CM

11« WINDTH OF MEDIAN LOBE BASE
0PTI10M=CODE NO. OF STATES= 4
1. ONLY MIDRIR WITH PRACTICALLY NO LAMINA
2. ¢ 0,25 CM
3. VARIABLE! NARROW = WIDE
4. > 0.25 CM

12« SHAPE NF SINUS
OPTION=CODE NO. nF STATES= ;]

ls FIG.

2e FIGa

3- FIG.

4. FIG.

5. FlGs

6 FIGe

Te FIG.

Re FIG.

N U F N

13. SHAPE 0F PRIMARY CONSTHRICTION OF MEDIAN LOBE
NPTION=CODE NO. OF STATES= 7
1« MOSTLY LONG: INCISED
2. MOSTLY LONG: CLFFT
3. MOSTLY SHORT: 0cCASIONALLY LONG/SINUATE
4. MOSTLY SHORT: 0CCASTONALLY LONG/ENTIRE
5. SHORT
6. NO CONSTRICTION: OVATE = OBLONG/LINEAR/TRUNCATF
7. NO CONSTRICTION: HASTATE - GLADIATE

14« PNSITTNN/SKAPE OF SECNONDARY CONSTRICTIONS OF MEDTAN |ORF
NPTI10N=CODE NOs OF STATES= 10
le WITHIN/BELOW THF PRIMARY CONSTRICTION USUALLY NnEEP
2« WITHIN THE PRYMARY CONSTRICTION RARELY BRELOW
3. RARELY PRESENT RUT WITHIN THE PRIMARY CONSTRICTION
a. NO SECOWDARY ConSTRICTION: PANDURATE
NO SECONDARY CONSTRICTION: OVATE = 0BLONG/LINEAR/TRUNCATE

Dlgltlzed by the Hunt Institute for Botanical Documentation
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6. ONE CONSTRICTr1ON ONLY BELOW THE BASAL LOBULE

7. SEVERAL SHaLLow CONSTRICTTONS ABOVE THE BASAL | OBULE
A. N0 CCNSTRICTINN: GLADIATE

9. NO SECUNDARY COMSTRICTION: HASTATE

10. & VERY SHALLOW rONSTRICTINN NFAR ApEX

15« SHAPE nF MEDIAN LOBE APEX

0PTION=CODE NO. OF STATES= 15
1l FIG.

2. FIG.

3. FIG.

4, FIG.

S. FIGs

6+ FIGa

T. FlGe

Be FIGa

S. FIGs
10. FIG. 10
11s FIG. 11
12+ FlGs 12
13. FIG. 13
14. FIGs 14
15. FIG. 15

OE~NO W& W -

16, ABAXIA| SURFACE WAX PaTTERN OF LEAF
NPT ION=CODE NO, OF STATES= 3
1. SHOOTH
7.« STUBBY
3. FARINOSE

17« PETIOLE LENGTH
OPTI0On=CODE NO. NF STATES= 3
1. SHORT < 5 CM
2. MFUIUM 5 = 15 Cu
3. LONG > 15 CM

18+ ARRANGEMENT OF LEAVES
NPTION=CODE NO. NF STATES= 2
1. VERY CLOSE ROSETTE=LIKE
2. WIDER SPACED

15« PLANT GROWTH HARIT

0OPTION=CODE NO. oF STATES= 11
1+ VINE
7+ DECUVMBENT SHRUR
3. SPINDLING SHRUR
4. ERECT SMALL SHRUB
S. FRECT TALL SHRUR = ERECT LOW TREE
f« LOW SPREADING TREE - SPREADING SHRUB
7. CROOKEULY RRANCHING LOW TREE
A. TALL WOODY TREE
G, ERECT SHRIR OF WARIABLE HFIGHT
1P WEAK STEWMMED TRAILING SHRUR
11« FRECT WUONY SwRIIB

20« INFLORFSCENCE
OPTI0ON=CODE NO« OF STATES= 7




10! MANTHOT MORPHOLOGICAL NATA HANK - 3 0CT. 4R

6. ONE CONSTRTCTrom ONLY BELOW THE BASAL LOBULE

7. SEVERAL SHalLlLowWw CONSTRICTTONS ABOVE THE BASAL |ORULE
Re N0 CCNSTRICTINN: GLADIATE

9, NO SECUNDARY COMSTRICTION: HASTATE

10. & VERY SHALLOW rONSTRICTION NFAR ApEX

15« SHAPE nF MEDIAN LOHE APEX

OPTION=CODE NO« OF STATES= 15
ll FIG.

2. FlG.

3. FIGs

4, FIGa

5, FIGs

6. FIGs

Te FIG

Rs FIGe
_9! PTG.
10, FIG. 10
11. FIG. 11
12+ FIG. L2
13+ FIGe 13
14e FIGa 14
15 FI1G. 15

O E~NOU W

16. ABAXIAl SURFACE WAX PATTERN OF LEAF
OPTION=CODE NO. OF STATES= 3
1. SMOOTH
?. STUBBY
3. FARINOSE

17« PETIOLF LENGTH
OPTTON=CODE NO. OF STATES= 3
1. SHORT < 5 CM
2+ MFUIUM 5 = 15 Ccu
3. LONG > 15 CM

18+ ARRANGEMENT OF LEAVES
NPTI0M=CODE NO. nF STATES= 2
1. VERY CLOSE ROSETTE=LIKE
7. WIDER SPACED

19« PLANT GROWTH HABIT

OPTION=CODE NO. OF STATES= 11
1. VINE
2. DECUMBENT SHRUB
3. SPINDLING SHRUR
4o ERECT SMALL SHRIIB
S. FRECT TALL SHRUR = ERECT LOW TREE
£. LOW SPREADING TREE = SPREADING SHRUB
7. CROOKEULY BRANCHING [.OW TREE
f. TALL WOODY TREFE
9, FERECT S5HRI/IB OF VARIABLE HFEIGHT
10, WEAK STEMMED TRaILING SHRUB
11« FRECT WOONY SwRiIB

20+ INFLORFSCENCE
0PTION=CODE NO. OF STATES= 7
Digitized




I10: MANTHOT MURPHOLOGICAL nATA HANK - 3 0CT. g8

le SOLITARY FLOWERY RARELY 2

2. RACEVME! SURSPTCATE/CORYMBOSE

3, HWACEME! SURSPICATE

4, RACEME: VARIARLFE OF LESS THAN MEDIUM LENGTH
S, PANICLE: MEDIUM SIZE

6+ PANICLE! LONG WrTH MUCH BRANCHING

7. RACEME: LONG

2ls POSITION OF FEMALE FLOWERS IN THE INFLORESCENCE
OPTION=CODE NO. OF STATES= 4
1. NIVERSE
2. ONLY AHBUVE THE | UWER HALF OF RACHIS ON LONG PERICFLS
3. ONLY AT THE BASF OF INFLORESCENCE
4, FLUWER S0LITARY

22+« 0OPEN FLOWER REFLEXINN
OPTION=CODE NO. OF STATES= 2
1. REFLEXEU
2. STRAIGHT

23. MATURF OF BRACTEOLES
OPTION=CODE NO. 0F STATES= 4
1« FOLIACEUUS
2« NON=FOLIACEOUS
3. N0 BRACTEOLE: F|UYUWER SOLITARY
4. SEMI=-FOLIACEQUS

24+ COLOR nF BRACTEDLE TN HERBARIUM MATERIAL
OPTION=CODE NO, OF STATES= 3
1. PURPLISH
2. BREENISH WHITE
3. NO BRACTEOLE

25. NATURF OF BRACTLETS
OPTTON=CODE NO. OF STATES= 3
1« FOLIACEUUS
2. NON=FOLIACEOUS
3. ABSENT

26« COLOR oF MATURE FLOWER TEPAL
OPTI10N=CODE NO, OF STATES= 2
le GREENISH YELLAW
2. PURPLISH STREAKED

27« SHAPE OF MATUKE MALF avYD
NPTIO0N=CODE NO. 0OF STATES= 6
l. LONG ALMOST TURILAR
2+ ALMOST TURULAR WITH A TENDENCY TOWARD INFLATION AT THE 80TTOM
3. NISTINCILY CONSTRICTED IN THE MIDDLE/INFLATED AT THE BOTTOM
4, CONE SHAPED
S. CAMPANULATE
fe. AURICULATE

28« LENGTH OF MALE TEPA|L
OPT10n=CODE NO. OF STATES= 2
15 5 2 CM
2y < 2.CM 4
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29+ POSITION OF FRUITS [N THE FRUIT CLUSTER
APTION=CODE NO. OF STATES= 4
1. RASAL
?, aBOVE THE LOWER HALF OF THE RACHIS
3. RASE UPTO APEX nF INFLORESCENCE
4. SINGLE FRUIT CONNECTED WITH THE STEM DIRECTLY

30« FNLOR QF FLOWER BUDS
OPTION=CODE NO. OF STATES= -
1. GREENISH YELLoW
2. PURPLISH

31« SI7E 0F MATURE FRUIT
OPTION=CODE NOs OF STATES=
1. SMALL: HETGHT < 1.25 CM
2. MEDIUM! HFIGHT 1425 = 175 CM
3. LARGE:! HETGHT 1.75 = 2.5 M
4« VFRY LARGE: KEIGHT > 245 CM
S. VARIABLE! 1.25 - 2.5 CM

32. FRUIT SURFACE
APTION=CODE NO. OF STATES= 3
l« WITHOUT RIRS
2« PERCEPTIBLY R1BRED
3. PROMINENTLY RIRRED

33, FRUIT aAPEX
OPTION=CODE NO« OF STATES= 3
1. WITHOUT POINT
2. SLIGHTLY POINTEN
3., PROMINETLY POINTED

34. SEFN QT17E/SHAPE

NPTION=CODE NO« OF STATES= 7
1. SMALL RUOUND: < 1 CM
2. SMALL OQBLONG: < 1 CM
3. MEDIUM ROUND: 7 = 1,5 CM
4. MEDIUM OBLONG: 1 = 1.5 CM
S5. |.ARGE ROUND: 1,5 = 2 CM
6« LARGE OHLONG: 1.5 = 2 CM
T« VERY LARGE: > 2 CM

35. PURBESCENMCE OF YOUNG STEM
OPTION=CODE NO« 0OF STATES= 3
1. PUBESCENT
2. SPARSELY PUBESCENT
3. GLABROUS

36« PURESAENCE OF MATURE gTEM
NPT ION=CODE NO. OF STATES= 3
1. PUBESCENT
2. SPARSELY PUBESCENT
3. GLABROUS

37. TEPAL PUBESCENCE
OPT10N=CODE NO. OF STATES= 3

Digitizedbysthedtwat Institute for Botanical Documentation




ID: MANTHOT MURPHOLOGICAL NATA BANK - 3 OCT. g8

3d.

39.

‘o.

‘1'

‘2.

‘3.

44

48,

1. PUHESCENT
2. GLABROUS
3, SPARSELY PUBESCFENT

PURESCENCE OF BRACTLETS
OPTION=CODE NO. OF STATES=
1. PUBESCENT
2« GLABRUUS
3, SPARSELY PUBESCENT

RONT
OPTION=CODE
1. TUBEROUS
2. NON=TUBEROUS

NO. OF STATES=

COLOR NF MATURE STEM
OPTION=CODE NO, OF STATES=
1., REDDISH BROWA
2+ DARK REUDISH RRNWN
3. RROWNISH gREY
4, GREENISH RROWN
S. SILVERY GREY

PNSITTON OF BRACTLETS IN THE PEDICEL

OPTION=CODE
1« AT HALFWAY
P« NEAR THE RASE

NO« OfF STATES=

5

3. ONE NEAR BASE: QNE AT HALFWAY

4, NEAR TOP
S. NO CONSISTENT PATTERN

BRACTFOLE MARGIN
OPTION=CODE

1. SMOOTH

2. SERRATE

3. NO BRACTENLE

NO. OF STATESS

PURESGENCE OF OVARY
APTION=CODE NO. 0F STATES=
le PUBESCENT
2. GLLABROUS

PURESCENCE UOF PEDICEL
APTION=CODE NO. OF STATES=
1« PUBESCENT
2. GLABROUS

ROGERS ET APPAN IDENTIFICATION
OPTI0N=CODE NO., 0OF STATES=

l« MoPAUCIFLNRA T,5sBRANDEVEF

2. M<WALKERAF CRNIZAT
3s M ,MICROCARPA MUELL +ARGS

21

4. M.MICROCARPA ssp. PARVICOCCA STAT.NOV,

5. M.MEXICANA I,M, jOHNSTON

s M ANGUSTILOBA [TORR.) MUE|L.ARG.

7. NEW TAMAUL_IPAS sPECIES

Ba M CHLOROSTICTA sTANDLEY ET GOLDMAN

UNT ITNUEE

Digitized by the Hunt Institute for Botas
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9. NEW OAXACA SPECIES
10. M.LUDIBUNDA CROTZAT
11« M.DAVISIAE CRAIZAT
12, M AESCULIFOLIA [HeB.K.] POHL
13. M,AESCULIFOLIA SSP. INTERMEDIA STAT.NOV,
14+ M ESCULENTA CRANTZ
15+ M AURICULATA MCVAUGH
16« M,ISOLOBA STanDLEY
17. M. CAUDATA GREENMAN
18, M MICHAELIS McvaUGH
19, M,FOETIVA [HaB,ke) POHL
20. M.PRINGLET WATSON
?l. M TOMATUOPHYLLA STANDLEY
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