
UNITED STATES GOVERNMENT 

Mem orandum 

.- 

TO 

FROM : 

SUBJECT: 

R. G. Humphries, Director  
Contract Di?iision 

Herman M. Roth, Director  
Research arid Development Division 

REQUEST FOR CONTRACT ACTION 

ORs : EZ4M 

It i s  requested t h a t  you take t h e  necessary s teps  t o  process the  
following descr ibed cont rac t  ac t ion :  

1. Natwe of Action Requested: 

/7 Se lec t ion  of New Contractor and/or 
Negotiation of Contract 
Number 7 
Contra c t o r  : 

Modification of Contract 
Nmber: AT- (40-1)-2100 
Contractor: North Carolina S ta te  University a t  Raleigh 

Raleigh, North Carolina 

2. Nature of Services  t o  be Covered by Contract: Research 

T i t l e :  "Studies i n  t h e  Ecology of Fresh-Water Algae i n  North Carolina" t 

3 .  TYP e of Contract: fl LumpSum 0 Cost-Type Other 

4. Amout t o  be Obligated by t h i s  Contract Action: $7,552.00 

5. Descr ipt ion of Other ChanRes t o  be Covered by Contract Action: 
Modify contract t o  provide for the  performance of addi t ional  
research  to be completed during the period March 1, 1967 through 
August 31, 1967. The AEC W i l l  support the pro jec t  in the amount 
of $7,552 i n  new funds. 
i n  t he  con t r ac to r  under au thor i ty  of the Atomic Eaergy Act of 
1954 s ince  the  contractor 's  contribution is expected t o  equal 
or exceed t h e  value of the equipment. 

Ti t le  t o  equipment, i f  any, shall vest 

6. Authori ty  : 
~ o r m  ABC-481 (Contract Authorization) from C. L. Dunham t o  
S. R. S a p i r i e  dated March 15,  1967 



NORTH CAROLINA STATE UNIVERSI'IY CONTRACT NO. AT- (40-1 1-21 00 
A T  RALEIGH 

A P P m I X  "A" 

For the Contract Period March 1 ,  1967 through August 31, 1967. 

A - I  RESEARCH TO BE PERFORMED BY CONTRACTOR 

The Contractor  w i l l  complete s tud ie s  on the ecology of fresh-water 
a lgae  i n  North Carolina,  including the  preparation of a paper on 
the ecology of ce r t a in  species  and a manual l i s t i n g  a l l  taxa of 
fresh-water algae i n  North Carolina with keys and i l l u s t r a t ions .  

A - 1 1  APPROXIMATE LEVEL OF RESEARCH EFFORT 

(a ) Contractor Personnel : 

D r .  L. A. Whitford 

Research Associate 
P r i n c i p a l  Invest igator  

Appror. 
% of time 

Academic 50% (3 ~ 8 . 1  
Summer 100% 

50% 

(b)  Premises, F a c i l i t i e s ,  and Materials  t o  be 
Furnished by the Contractor: 

Adequate f a c i l i t i e s  and equipment a re  ava i lab le  fo r  the Con- 
t r a c t o r  t o  conduct s tud ies  i n  the ecology of fresh-water algae 
i n  North Carolina. 

A - I 1 1  IT= OF EQUIPMENT TO BE PURCHASD OR FABRICATED BY CONTRACTOR 
COSTING $500 OR MORE 

None 



, I  . I 1  I -  
I L . , i ,  .iL L-.. 

0 5. ATOMIC €NERGY COMMISSION 
(766) 

0J.W 

CONTRACT AUTHORIZATION 

Oak Ridge Operations Office Division of Biolog 

]pII FIXED PRICE 

0 COST REIMBURSEMENT 

0 

0 AEC 

a CONTRACTOR 
Work to be performed u under c a t e g o r y I  
as defined b y  AEC Manual Appendix 3401. 

I I 

11. PROJECT TITLE 

"STUDIES I NTBE ECOIAXI"Y OFRRESH-WATER ALGAE IN NORTII CAROLINA" 
9 2 .  HEADQUARTERS TECHNICAL CONTACT 

pir. Jared J. Davis 
1s. FINANCING ( N m  I E C  Fmda. Not T 4 A ' x ~ d  d l w  

A.OpERATlNG EXPENSE 5 ...................................... s 8,326 
Budget and Reporting Chasificatbn: 06 05 01 leus any unagpemded 
Allotment Transfer: 06- 71-91 (24) balance 

B. PLANT AND CAPITAL EQUIPMENT .............................. S 
Budget and Reporting Classificatka: 
Allotment Transfer: 

14. SPECIAL PROVISIONS AND INSTRUCTIONS: 

T h e  technical aspects of the prooposed work h a w  been reviewed and are approved. A need currently airu for tbe rau l t i  of tbe m a r c h  oc otha 
work that  is to  be undertaken. None of the AEC fundi  shall bc used to confer a fellowship. 
Please kwp us informed as to any problems encountered in your negotiations, as well as the date of uetution of t h u  cmtract  and the amount of 
funds obligated. If the budget u negotiated diEen substantially from that in the proposal, please forward a copy of the rcvted budget to Head- 
quarters. 
If not already submitted, a 2OO-word summary of the  proposed work should be forwarded by the mntracmr as m n  PI pouibk P f t a  oeporhtion d 
the contract. 

a. SCOPE OF WORU 

Complete analyeem and report on ecological studies of algae and complete 
manuscript for a manual on the algae of North Carolina. 

I I  2722 

. 
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Requested Amount: $8,326 for a period of one year 

March 1, 1967 through August 31, 1967 incluslve 

Submitted by 

r Rofeaeor 6f Bot& 
North Carolina State Univerrity at Raleigh 

Raleigh, North Carolina 
/ 

/pn A; dsa J / & , + ~ ~ 6 ; / ; C P / l . d ,  br. 
E. F. Robiason 
Administrative Dean for Reaearch 
North Carolina State Univerefty at Raleigh 
Raleigh, North Carolina 

A, E, Shepud, Jr, 
Arriatant Vice President m d  Traaari..r 
Univarritp of North Carolina 
C h a p e l  Ell, North Carolina 

North Carolina State University at Raleigh 
Raleigh, North Carolina 

Date Submitted 

f {  G ' 7  
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mBAfs, PRancT 

Studio. in the Ecology of Frerh-uater Algae in North Carolina 

OBJECTIVE S 

1. To organize data at  hand and write a frerh-water algal f lora of Nortb 

Carolina, including data on the ecology of many rpecies. 

2. To organize data and write a papar oa the ecology of certain rpacier 

of fresh-water algae. 

JUSTIFICATIolQ 

Work during tbe par t  cfght year8 hso almost t r ip led  the number of taxa of 

freebw8ter algae known Lo the atate. 

Data 011 diutributfon, habltat  and ecology are a t  hand for hundreds of rpc i e r .  

A complete publiebad fresh-water algal flora of the state with aanotatiorrs QI 

dirtributioa, habit8t, md ecology of IP.II~ rpecier vould be of great value t o  

plycologists swrywbere, und t o  limnologists and ecologists working fn tk 

region. 

sanitary engineers and would, furthermore, conetitute a valuable record of the 

plmt l ife of the s t a t e  which would be iuvaluabla t o  botanfstr in future 

generations. 

three for  the country as a whole. 

A l l  claseer haw been intuufvely worked. 

In addition, such a work would have value t o  ichthyologist8 and 

It would be the f i r s t  s ta te  flora in tbe southeaet and one of 

Part of th i r  record would be tbe t h e o i s  on the Wosotaeniaceaa rod 

Demidiaceae be- completed by Yoorr C. UO, 

Officials of the  North Carolina State University Experiment Stat im regard 

such a work of ruf f ic iaa t  importance tbot they have agreed t o  publirh it. 

Relatively l i t t le  ha8 been published on the rpecies ecology of frerh-water 

.hoe. 

species of algae, it seema publication of thio data would be justified. 

would be of value t o  fresh-water phycologists everywhere since mout rpecies are 

very widely distributed. 

Sfnce a fair gmount of data has been accumulated on the ecology of 

It 
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sUBPRmcTs 

I. To complete preparation of a maaUa1 of the fresh-water algae in North 

Carolina . 
0BJEcTms 

To complete and have publiehed a manual l is t ing a l l  taxa of fresh-watrr 

algae reported as occurring in North Carolina, The manual w i l l  include keys t o  

genera and species, together with i l lur t ra t ion.  Notes on the diatributian and 

ecology of maLIy species w i l l  be included. 

JUSTIFICATION 

Work on the text of the manus1 is -11 under way and it i r  believed tlut 

a f i r s t  draft of the body of the book cau be completed by the end of the project 

period. 

that revision, caupletion of i l luatrat ione,  and preparation of a bibliopapby 

und index can be completed. 

e ta te  and one of three for the nation. 

and ecologists in the region, and because of the wide distribution of many 

epecies, of considerable use t o  phycologists everywhere. 

11, 

OBJECTIVES 

During the six m t h s  of the proposed renewal proposal, it is believed 

The manual w i l l  be tbe f f r s t  Sor any southeastern 

It would be of much w e  t o  phycologist8 

To complete a paper 0th the ecology of certain species of frerh-water algae. 

To canplate the preparation of a paper on species ecology of several dozen 

species of fresh-water algae, with tablee and data. 

Relatively little has been publiebad on the ecology of fresh-water algae. 

Huch that has been published relates  t o  genera. It is well known that species 

in the e&ae genus vary i n  their requirenents. It would seem w e l l  worthwhile t o  

publieh ecological data on species which are camncm or widespread in a l l  

temperate regions of the world, 
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BAWROUND AND STAIUS O? PERSONNEL 

Sc ient i f  F c Per r m e  1 : 

Senior Lmter t Fgator --Larry A, Uhitford, Professor of Botany, 
N. C, State University a t  Raleigh. (See 
original propoaal for biography and 
bibliography.) 100% June, Ju ly ,  Augwt. 

~ s s o c i 8 t e  Imreetigator --George J, Schumacher, Rofersor of 
Biology, Xarpur College, State Univerrity 
of New Y a k .  
1939-1960 for biography and bibliography.) 
looZ of time June, July, Augwt. 

(See renewal proporal for 

O t h e r  Personnel: 

W U M  

FACILITIES. SUPPLIES. ETC, 

Stenographic balp for typing of manwcrlptr, paper and otber ruppliee w i l l  

be furniabed by bl. C. State Wniverrity and loew York State Ihrfverrfty a t  

Binglumton. 

or for  coat of reprints. 

TR4VEL 

Tbe sum of $50 is requeeted for  pwe cost for the reeearch paper, 

- 
The rum of $50 is requerted for the AneocLate InvestQator t o  travel to  

Ralefgh for a single conference a t  tb t i m e  the manuscript of tba manual is 

be- checked tu i t a  final form. 



A RENEWAL PROPUSAL TO 

U. S, ATOHIC ENEMY COHMISSION 

PROPOSED BUDGET 

T=: Studies in  the Ecology of Resh-watsr Algae in North Carolina 

PROJECT LEADER: Larry A. Whitford DEPARTMENT: Bot- 

&que r t e d 
from AEC 

1, C. State 
Uni ver s itrr Total - 

1. SALARIES 
Principal Investigator (1002 J~rre, $ 2,8M $ 2,800 

July, Auguet, Academic Pear SOX) $ as* 285 

Imrestigator (1m June, July, August) 2,800 2,800 

Fringe Benefits @12% 672 34* 7 06 

2; TRAVEL so 50 

3. PRIHTING so so 

4. TOTAL DIRECT COSTS 
- 

$ 6,372 $ 319 $ 6,691 

5. INDIRECT COSTS (34,971 of salaries) 1 , 954 99 2,053 

$ 8,326 $ 410 $ 8,744 
- 

* Thie amount does not rapresemt S a  of tb Rrincipal Inar t igator ' r  ealary 
but rather that part wed for cost aharlng. 

jl+ Thie i o  not a direct payment by tb University. Payment is made annually 
from a special State Appropriation for a l l  general fund emplogees. 

Na person w i l l ,  on the grounds of race, color or national origin, be excluded 
from participation in,  be denied the benefits of, or be subjected t o  discrimina- 
tion under t h i s  program. 
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NORTH CAROLINA STATE UNIVERSITY 

I 
I 

AT RALEIGH 

l N 5 T l T v r E  OF BIOLOGICAL ! k U X U ,  

DEPARTWCNT or BOTANY 
Box b186 Zir 25607 

December 9, 1966 

D r .  C. S. Shoup 
Chief, Biology Branch 
Research and Development Division 
United States Atomic Energy Commission 
Oak Ridge, Tennessee 37830 

Dear Dr. Shoup: 

Enclosed i e  a completed form AEC-427 for our annual report. 
papers presented orally during the year there are no written versions. 

For the 

The report number for the annual report is  ORO-2100-10. We are 
enclosing a mimeographed cover sheet for the annual report i n  case you 
care to w e  it. 

Also enclosed are four copies of Notice of Research Project. 

I am sorry that I overlooked D r .  Rothls le t te r  of April 25, 1965. 
I also regret that a ahort i l lnese has 

I 
must have lost i t  in  my f i les .  
delayed this letter and other material. 

Yours wry truly, 

Professor of Bot- 

- 
Enclosures 80f 

P.S. Due to  a number of circumstances, carry-over a t  the end of t h i s  
project period w i l l  be substantially less than estimated i n  our report. 
We now estimate a carry-over of about $100 or $200. 
new quarters, purchase of a small refrigerator will be neceesary,and expenaee 
for printing of a Ph.D thesis and travel expenses w i l l  also be higher than 
estimated.Reprints of w r  reoently publirhed paper have not yet been received. 

Because of moving into 

s)Ec 
THL UNIVERSITY OF NORTH CAROLINA, William Friday, President, cornprim: North Carolina Stale University at alejglr, l / le UnjverJilv 
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NORTH CAROLINA STATE UNIVERSITY AT RALEIGH 

October 4, 1966 

Dr. C. S. Shoup 
Chief, Biology Branch 
Research and Development Division 
United S ta tes  Atomic Energy colrmission 
Oak Ridge, Termassee 37830 

\ 

Dear Dr. Shoup: 

We have decided t o  ask f o r  a renewal of our Contract No. AT-(40-1)- 
There are a number of reasom for this. 2100 f o r  at least mother  year. 

bong them are the following: 

1. We were awarded somewhat less for t h e  current contract  period 
than was necessary for  both inves t iga tors  t o  be able t o  devote f u l l  tLme 
t o  the writ ing of our proposed manual on tbe fresh-water algae of North 
Car ol i na . 

2. 
the manual. 

We should like support f o r  six more months in orde r  t o  complete 

3. The principal investigatcir has decided not t o  retire f o r  reveral 
more years. 

4. W e  have several  i n t e re s t ing  f ace t s  of a lga l  ecology and morphology 
we should l ike t o  irrvest$gate, and at least one graduate student t o  b l p  
pursue these invest igat ions . 

You should receive our annual repor t  and a new project proposal so~ll, 
since m have already sen t  t h e m  t o  the  University adminfrtratorr for review 
and transmittal. 

Yours very t r u l y ,  

CJ 0051 
LAW:gW 

1 

THE UNIVS.RS~TY OF NORTH CAROLINA, William Friday. President. comprises: North Carolina State University at Raleigh, fhe Univrrsity of 
North Carolina at Chapel Hill,  the Univmity 01 North Carolina .1 Creensbom, and the Univrnity 01 North Carolina at Charlotte. 



Mqumtrd Amount: #l2,039 for parid of omo y a u  

March 1, 1967 t h r q h  Irbru.tp 29, 1968 iaclurive 

Submitted by 

lortb Carolina State thrinrrity at Ralruh 
Balefgh, #ottb Cuollna 

North Carolina State Ualvrtrltg at Raleigh 
R a h i ~ b ,  Uorth Carolina 

Date Sukt t t8d  
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O V E E U U  PROJECT 

Studier in the Bcology of Resh+mter Algae ia North Carolina 

OBJKCTIVBS 

1. To organize data a t  hand and write a frerh-uatar algal f lora o f  North 

Carolina, including data on the ecologg of  m y  rpecier. 

2. To organira data and write a papar on the ecology of certain rpecier 

of frarh-water a l g u .  

JUSTIFICATIOll 

Work d u r i q  the past euht yaus h. almost tr ipled tln number of taxa of 

fresh-water a l g u  ham in the rtate.  

Data on dirtributiou, h a b i t a t  .ad acologp are at band for hundred8 of rpecier. 

A C q b t e  pubtiahad frerh-water algal flora of tbo r t a t e  with 8nnotatiOar on 

dirttibution, habitat, and 6colaap of many rpecies would k of 8raat v8he t o  

p ~ c o l o g i r t r  mmrywhere, and t o  l ~ O l O g i O t 8  and a c o l q h t r  workiq in the 

region. 

sanitary engineerr and would, f u r t h e m ,  coarti tuta a valuable record of the 

plant l i f e  of tba r t r t r  which would be Lmraluable t o  botanlrtr in future 

generations. 

three for  the country as a wholr. 

A l l  c l o a c u  huve been btumiumly Wmbdr 

In addition, ruch a work would have value to  ichthyohgirtr and 

It would be tba f i r r t  r ta te  f l O r 8  in tb routhoult and am of 

Put of thio record would be tba ther ia  on the Harotaeniacrm .ad 

Derridiacam befog canplated by Yoon C. Um. 

Official, of the North Carolina State Uniwr6ity Exparheat S ta t im regard 

8 work of sufficient importance that they have agreed to  publish it. 

Relatively l i t t l e  ha8 been published on the rpecier ecology of frerh-water 

c* I_ algae. Since a fa& amount of data hu been accwle ted  on the ecology of 
u1 

specie8 of algae, it reem0 publication of t h i s  data would be justified, 

would be of value t o  fresh-water plrpcobgists ewryvbre rince moat species are 

very widely distributed. 

It 
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An ecological  rtudy of the 818- of tha l i t t o r a l  tom of lakor m d  ponds 

would ream worthwhile r ince  almost no good a c o ~ o g i c a l  data on thir importmt 

habitat ha8 bean col l rc ted .  

A study of cell  wall format lm and e t ruc ture  In t h e  Oedogonioceae uould 

be of i n t e r e ~ t  t o  a l l  pwcologla ta  r ince  It l a  m fmportmt family of green 

algae. A pecul iar  t p  of cel l  wall formation a p p u e n t l y  occur8 In t h i o  f r r i l y .  

100 good modern rtudy har been undertaken of .np of the  genera and one genua ha8 

never recelved any rtudy. 

on tha  algae of the l i t toral  zona, Collact ing on g l u e  p l a t e r ,  u wall rn 

other mathode, w i l l  be t r l e d .  T b  e f f e c t  of high l i g h t  00 c e r t a i n  rprrcfas vi11 

32 ba invest igated both In tb f i e l d  and laboratory. 

w i l l  be used fn them r tudfer ,  

If p08~1b10, C14 and P 
* 

Ordinary b l s to log ica l  metbod. , microchedcal t e c h i q u o a ,  radfocrutographo 

and e lec t ron  photmlcrographo w i l l  be w e d  In tha study of call v r l l  formatian 

and development In the Osdogoniacoaa. 

I, To c m p l r t c  preporatloo of a manual of the fresh-water a l g u  in North 

Carolina, 

0mcT1oBs 

To complete and hmo published 8 mama1 llrtlag a11 tu8 of frerh-vatot  

a lgae  reported as occurring In North Carolina. The r a n u a l v l l l  Include keys t o  

-- 

PZ 

genera and rpeclos, together with i l l u r t r a t l a a .  Note8 on the d l r t r l bu t lon  and 

ecology of  marry rpecier  ~ I l l  be included. 

JU STIFICATIOU 

-- 

-5 
,- - 
-e 

I- - 
Work OLI the t ex t  of the manual is wll under way md it t a  bel ieved  that c: 

a f l t a t  draft of tba body of the book can be canrplrted by the and of the project  

period. Durfag the six m o n t h 8  of tha propored renewal prop08.1, It l a  believed 
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that revleion, completion of i l l ~ t r a t i o n r ,  and 

and index c a ~  be completed. The m a l  w i l l  be 

preparation of a bibliograply 

tbe f i r r t  fa r  any 80Uthe88tmn 

s ta te  a d  m e  of three for the nation. 

md ecolOgiSt8 in the region, and because of tb w i d e  distribution of many 

apeciea, of considerable ura t o  phycologists everywhere. 

11. 

OBJECTIVES 

It would be of pUch use t o  p ~ c o l o g f r t r  

To complete a paper on the ecology of certain rpecfer of frcrh-water algae. 

To cmpleta the prepuation of a paper 00 species ecologg of revera1 dozen 

species of frsah-watst: algae, with tabler and data. 

JUSTIFICATm 

Relatively l i t t le ha8 bea publirbed on the ecology of  frcrh-wuter algae. 

It i r  vel1 known that rpaciee W h  that baa been publF8hed relater  t o  genera. 

in tbe same genus vary in their requirements, 

publish ecological data QL specie8 which are comon or widespread in a l l  

temperate regions of the world. 

111. 

It would seem well vo r tbb i l e  to  

To in l t la te  and pursue an ecological study of the algae of tbc Littoral  

zone of lakes and polldo. 

JUSTIFICATION 

Although there ha8 been much f l o r i s t i c  work done on the l i t t o r a l  roue algae, 

there has beta relatively l i t t l e  good ecohgical  uork. This i o  due in par t  to  

tln diff icul ty  of obtain- good qun t i a t ive  data rn attachad rpecler. If this 

can be done, much useful data cauld be obtained on caomunity urd seuonal 

re la t iom in theoe importaat copmPunitier. 

MBTIWIDS 

An attempt vi11 be made t o  devise methods of collecting algae fran unit 

areas and relate specie8 and v a s t h  t o  seaam and other 

Collecting on gl-8 plates and other subrtrata, aa wed1 

be t r i e d .  Studier w i l l  be made of organlams grawing a t  

attached forms as w a l l  ae thoee i a h a b i t i q  bottom ooze, 

habitat factors . 
BI other methods, w i l l  

variour depths, both 

Tbe porrible inhibiting 
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effect of high l i g h t  w i l l  be i n w o t ~ t e d  in the  f i e l d  md in thh  laboratory,  

ur ing the severa l  r e f r ige ra t ed  tanka already purchared and used i n  previou8 

years. 

two-year study is proposed in order t o  g e t  da ta  for one caaplete  year after 

rtudy araae md  method8 have been picked. 

IV, 

It is pOs8ible that  both C14 and P32 can be used i n  these r tudias .  A 

A cunparative study of the formation and development of the  c e l l  wall In 

tho Oedogoniaceae. 

Tha development of the cell wall in this small but imp0rt-t fclrily of 

graen a lgae  has never been ca re fu l ly  inves t iga ted .  The three genera In fb 

family a l l  bam a peculiar type of cel l  wall d a v e l o p n t .  

t b r e  are two types of c e l l  formation and a160 tha t  tba complex type of cell 

wall formation varies i n  the several genera,  No study of c e l l  wall formation 

has ever  been made in one genus and the r e s u l t s  of a comparative study in a l l  

genera would be of considerable importance t o  fresh-water phycologiots. 

METHODS 

It i o  pooeible tha t  

By mems of ordinary h i s t o l o g i c a l  methods, a8 well 68 the use of several 

microchemical techniques, t he  formation of the  c e l l  w a l l  in the thrae  genera 

vi11 be followed clad investigated.  

eec t ions  w i l l  be studied t o  e s t a b l i s h  tFm# r e l a t i o m  in the formatfolr of wall 

layers .  If posoible, e lec t ron  photomicrograph8 w i l l  d 6 0  ba made in order t o  

rtudy the f i n e r  d e t a i l s  of c e l l  wal l  s t r u c t u r e  and formation. 

material aa well as laboratory cu l tured  material w i l l  be used in ths rtudiea.  

It is  believed that data can be obtained t o  substant ia te  a thaw that cel l  

w a l l  formation i 8  bas ica l ly  a h f l a t  in  011 genera o t  the Oedogoniaceae, 

hoped t h a t  da ta  can be obtained t o  settle a problem which has puzzled phycolo- 

In addi t ion,  radioautographs of cell  

F ie ld  co l lec tad  

It i e  

g i s t s  for 50 years. 

I I 9 t. y ir, 3 [j 



m STATUS o? PZCRSUWSL 

Scient i f  i c  Pers-1: 

cier m d  i c ~  clerical uork In rortiag urd uru&pment of data. 

In addit ion t o  adequate equipment and growth chombsre l irted under previous pr 

pooalr, 400 aq. f t .  of laboratory space i s  wad axclurivaly for pbycologp nrearch 
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Memorandum 
R. G. Humphries, Director 
Contract Division 

Herman M. Roth, Director  
Research and Development Division 

REQUEST FOR CONTRACT ACTION 

DATE MAR 2 5  1966 

0RS:EMM 

It is requested t h a t  you take  t h e  necessary s t eps  t o  process the  
following described contract  ac t ion :  

1. Nature of Action Requested: 

fl Selection of New Contractor and/or 
Negotiation of Contract 
Number: 
Contractor: 

0 Modification of Contract 
Number: AT- ( 4 0 4 - 2  100 
Contractor: North Carolina S ta t e  University a t  Raleigh 

Raleigh, North Carolina 

2. Nature of Services t o  be Covered by Contract: Research 

Title: "Studies i n  the  Ecology of F reshda te r  Algae i n  
North Carolina" 

4. Amount t o  be Oblinated by this Contract Action: $20,0°0*00 

5. Description of Other C h a e s  t o  be Covered by Contract Action: 
Modify contract  to provide f o r  the  performance of additional 
research t o  be canpleted during the period March 1, 1966 
through February 28, 1967. The AEC w i l l  support the pro jec t  
in the mount of $20,000 i n  new funds, T i t l e  t o  equipment, 
i f  any, shall vest in  the  cont rac tor  under authori ty  of the  
A t o m i c  Energy A c t  of 1954. 

6. Authority 
Form AEC-481 (Contract Authorization) from C. L. Dunham t o  
S. R. Sapirie dated March 4, 1966 

+cmRo/h/ Herman M. Roth 
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NORTH CAROLINA SCATE UNIVH(s1~ 
AT RALSIGH 

APPENDIX "A" 

CON'LBACT NO. AT- (40-1 -2 100 

For the  Contract Period March 1, 1966 through February 28,  1967. 

A-I =SEARCH TO BE PERFOR= BY CONTRACTOR 

The Contractor w i l l  continue to conduct research on the ecology 
of f resh-uater  algae i n  North Carolina. This work w i l l  include 
such approaches as (1) study of t h e  uptake of Phosphorus-32 by 
algae i n  streams as  a funct ion of cur ren t  speed, (2) i den t i f i -  
ca t ion  of a l l  species poss ib le  of diatoms on some 506 s l i d e s  
previously made during ecological  and f l o r i s t i c  s t u d i e s ,  (3) 
completion of a f l o r i s t i c  and ecological  study of the 
Mesotaeniaceae and Desmidiaceae in  North Carolina, (4) organi- 
za t ion  of da ta  and preparat ion of an a r t ic le  on. the  e f f e c t s  of 
l i g h t ,  temperature, and cur ren t  on certain species of fresh- 
w a t e r  a lgae,  and ( 5 )  organizat ion of data  8t hand and prepara- 
t i o n  of an a r t i c l e  on fresh-water a l g a l  f l o r a  of North Carolina, 
including data on the ecology of many species. 

A 4 1  APPR€tXIM&TE LEVEL, OF -RESEARCH -EFFORT 

(a) Contractor Personnel : 
Approx. 

% of time 

Dr, I.. A. Whitford, Pr inc ipa l  Invest igator  7 5% 
Research Associate 7 5% 
Research Assis tant  55% 

(b) Premises, F a c i l i t i e s ,  and Materials t o  be 
Furnished by the Contractor:  

Adequate f a c i l i t i e s  and equipment are ava i l ab le  fo r  the 
Contractor t o  conduct s tud ie s  i n  the ecology of fresh-ater 
algae. 

A-111 ITEMS OF,- 3! TO BE PURCMSED OR FABRICATTQ) BY C O N I R A m  
COSTING $500 OR KlRB 

None 



An investigation of the ecology of heterotrophic algae living in subarctic 
lakes. 



L .  1 I .  

,1. 

Revised Budget 
on 

Contract No. AT-(40-1) -2100 
L. A. whitford 

N. C. S t a t e  Universi ty  a t  Raleigh 

Sa la r i e s  

Pr inc ipa l  Invest igator  

Inves t iga tor  

Graduate Assis tant  

Matching Contribution 
(11% of $10,500 and $15,700) 

Supplies 

I n d i r e c t  Costs 
(36% of $13,800 

To ta l  

Requested 
Prom AEC 

3,000 

7,500 

3,300 

1,155 

77 

4,968 

20,000 

N. C. Sta te  
Univ. and 
S ta te  Univ. 
of New York 

10, 500 

5,200 

1,727 

5,652 

23,079 

Approved by 

Total  - 
I 

13,500 

12,700 

3,300 
) f ? ”  ’ 
c- 

2,882 

77 

10,620 

43,079 

and Treasurer V 
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HQ 
6- 3'5 e 4  16 66 CTA603 AM04 

A MAS00 NL PD RUEICX NCAR 15 

DR C 1 SXOUP 

C H I S 3  BIOLOGY BRANCH US ATOMIC W R 6 1  C Q M  OAK RIME SmN 
VILLZNC TO ACCEPT AEC CONTRIBUTIONS AT $20~0000000 ON CONTRACT 
NUMBER AT*(4011)02100 STOP HAVE REVISED NCS CONTRIBUTIONS TO 
S 2 3 ~ 0 7 9 ~ 0 0  MAKXNG TOTAL COST OF S43,0?9000 STOP IEPISEb BUDGET 

BEING FORWARDED 

- -  H I ROEINSON ADHINISTRATIVE DEAN FOR RESEARCH NC STATE UNIVERSIn,. :-L " - _  
~ - - ...-+ .- - 

b.T RALEIGH - 
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NORTH CAROLINA STATE UNIVERSITY - - . - - L L L A b - - - -  I 

P. 0. Box 5356. RALLICH, N. C. 27607 
919-755-21 17 

ADSf ISISTUTI\'E 

DUN so1 RLSIARCH 

December 14, 1965 

D r .  C .  S. Shoup 
Chief ,  Biology Branch 
Research and Development Branch 
U .  S .  Atomic Energy Commission 
Oak Ridge, Tennessee 37831 

Subject:  Contract No. U-(40-1)-2100 

Dear D r .  Shoup: 

Re: 0RS:W 

I n  re ference  t o  your l e t t e r  of December 8 ,  we were not aware of a carry-over 
from t h e  previous period on t h i s  con t r ac t .  
d e f i c i t  on t h i s  or  any contract  with AEC must be covered by loca l  funds. 

I have checked with D r .  Whitford's o f f i c e  and find the i r  records a f t e r  fur ther  
checking do agree w i t h  your accounting. 
a t t e n t i o n .  
t h e  subjec t  contract .  

We are  aware, however, t h a t  a 

Thank you for ca l l ing  t h i s  t o  our 
We w i l l  incorporate these f igu res  in to  the f i n a l  f i s c a l  report  on 

Sincerely, 

ms) Colleen M. Cole 
Administrative Assis tant  

CMC:bk 
cc: D r .  L.  A. Whitford 

3 
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Memorandum 

PROW : Herman M. Both, Director 
Research and Development Division, OR 

We are submitting for your review and appropriate action the 
following information concerning the contract which w i l l  expire 
on kk.rl ms -8 

1. Renewal Roporral ( 4) 
2 .  Progress Report (U 
3. Financial 8tatemnt ( 4 0 m) 
4. 200-Word w r y  ( 3 - t d  

We shall appreciate your advising us of your deci8im so that 
we may proceed with the necearary contract action at the 
ear l ies t  possible date , 

Enclosure : 
A s  Listed Above 
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A RENEWAL PROPOSAL TO 

U. S, ATOMIC EHERCY COMMISSION 

CONTRACT NO. AT-( 40-1) -2100 

STUDIES IN THE EXO.LOCY OF FRESH-WbTER ALGAE I N  NORTH CAROLINA 

Requested Amounts $44,002.00 for a period of one year 

Maroh 1, 1966 through February 28, 1967 laoluslve 

Submitted by 

ord, Pridcipal Investigator 

North Carolina State Univereity 
Raleigh, North Carolina 

Adminirtrative Deen for R e e e m h  
Horth Carolina State University 
Raleigh, North Carolina 

North Carol na 3 

Bwineas 6ff i&er and Treasurer 
Conaolidated Udveralty of Sorth 

Chapel Hill, North Carolin8 
Carolina 

ste University 
Raleigh, North Carolina 

Date Submitted 
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SUMMARY OF PROPOSED WORK 

A few more experiments on the uptake of P3* will be done during the 

remainder of the preeent project period. 

A paper will be written on the ecology of certain species of fresh- 

water algae, 

Toon C a  K i m  will complete a PhmDa thesir on the speclea of Mesotaenia- 

oeae and Desmidiaceae oocurring in the etate including notes on distribu- 

tion by area and major habitat factors. 

An attempt will be made to identify all speoiea of diatom (Bacillario- 
- phyceae) occurring in the state, 

A book on the fresh-water algal flora of the etate will be written 

for publication by the North Carolina Univeraitg Experiment Station. This 

work will include an estimated 200 pagee of text and 500-600 illwtrations 

together with keys to all taxa known from the state. 

listed will approximate 1,700 = considerably more than the number in either 

of the two other published state floraem The book will not be simply a 

atate flora but will include a description of the habitat of all genera 

1ieted.together with ecological notes on hundreds of species. 

make the work of value to investigators of fresh-water algae in all parts 

of the world. 

The number of taxa 

Thie should 

NOTE 

Because of the approaching rebirement of the Principal Investigator 

and increaeing administrative duties of the Associate Investigator, this is 

the final renewal propoeal under thie oontract. 

OVERALL PROJECT 

Studies in the Ecologg of Fresh-water Algae in North Carolina. 



, 

I ,, , . 

-3- 

I. 11 I .  

OBJECTIVESs 

1, To oomplete certain studies on the communitiee of algae in the 

rapids of stream. 

2. To identify all species poeeible of diatom6 on 8018 500 elide6 

previously made during ecological and floristic studies, 

3, To oomplete e florletic and ecological study of the Mesotaeniaoeae 

and Deemldlaceae In lorth Carolina. 

4. To organise deta end m i t e  a paper on the effects of light, 

temperature, and current on certain apealee of freeh-water algae, 

5. To organise data et hand and vrlte a fresh-water alsal flora of 

North Carolina, Including data on the eoology of many rpecier. 

More data l a  needed on the uptake of minerals by algae in light and 

darknear; in a ourrent and still water, These data will be of value both 

to phyoologiete and plant phyeiologiets in general, 

x reoord of the complete flora of diatoms (Bacillariophyceae) would be 

of value to phyoologiste, and especially to li~mOlO&i8t6 and eoologiete 

working in aquatia areas. 

Work during the past eight yeare haa almost tripled the number of taxa 

All claeeer except the diatoms of freshwater algae known In the state. 

have been lnteneivel~ worked. Date on dietrlbution, habitat and ecolom 

are at hand for hundreds of species. 

flora of the state with annotations on distribution, habitat, and ecology 

of many species would be of great value to phyoologiete everywhere, and to 

limnologists and ecologists working in the region. In eddltion, such a 

work would have value to ichthyologists and eanitary engineers and would, 

furthermore, aonetitute e valuable record of the plant life of the state, 

A complete published freshwater algal 
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vhich would be invaluable t o  bo tan i s t s  in fu tu re  generations. It would be 

the first s t a t e  f l o r a  in the  southeast  and one of three f o r  the country a8 

a whole. 

Par t  of t h i s  reoord would be the  thor ia  on the Mesotaeniaceae and 

Deemidiaoeae being completed by Yoon C. X i m ,  

O f f i o i a l s  of the  H o r t h  Carolina State Univerri ty Experiment Stat ion 

regard suoh a work of ru f f io i en t  importanoe t h a t  they hare agreed to  publirh 

i t  

EXPERIMENTAL PROCEDURE3 a 

A few more experlments on the  uptake of P32 by algae vi11 bo d e ,  

using methods previously derrcribed, 

U s i n g  e l i d e s  made during previow s tudies ,  i den t i f i ca t ion  of speoies 

of a l l  diatoms oollected in the state W i l l  be 0861. 

I l l u s t r a t i o n s  w i l l  be prepared and data on the Mesotaeniaoese and 

Deamidiaceae oollected i n  the state w i l l  be o r w i s e d  f o r  a Ph.D. thes i s  

by Toon C. K i m .  

All data on fresh-water algae w i l l  be orgsniaed and a book on the a lga l  

f l o r a  of t h e  state w i l l  be written.  

SUBPROJECTS 

I. To oomplete cer ta in  studio8 on the communication of s1-e in t he  rapid8 

of rtreame, 

OBJECTSVES; 
32 To determine hov mineral ooncentration (P 

period of time in l i g h t  and darkness, and in a ourrent and in l i g h t .  

) a f fec t s  uptake over a 

J U S T I F I C A T I O N :  

The question has been ra i sed  as t o  whether mineral uptake is a passive 

diffusion procesr o r  an ac t ive  one depending on metabolirm of the ce l la ,  
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bn attempt w i l l  be made t o  obtain da ta  bearing on t h i s  problem. 

METHODS 8 

Previously desoribed and ueed methods of suspending al&ae in a current  

and i n  st i l l  water w i l l  be used; exposing t h e  algae to  l igh t  and darknest9 

and using varying concentration of Pj2. T h i s  work w i l l  be done during the  

last of the present project  period. 

11. 

OBJECT XVES I 

To ident i fy  a l l  speoies of d i a t o m  co l l ec t ed  i n  the atate.  

To determine species of diatoms occurring in the a ta te  and t o  oor re le fe  

t h e i r  d ia t r ibu t ion  w i t h  hab i t a t  f a c t o r s  and plaoe them i n  reoognized algal 

aomuni t i e s ,  

JUSTIFICATIOI a 

Before good ecological work can be done a knowledge of the f l o r a  of a 

habi ta t  o r  region must be acquired, I d e n t i f i c a t i o n  of diatom speoiea w i l l  

complete our knowledge of the freeh-water algal f lora  of the inland waters 

of the s t a t e .  

METHODS t 

Using a oompound microsoope and a camera along w i t h  standard reference 

works some 500 s l i d e s  w i l l  be examined and a l l  possible t a r s  of d i a tom 

present wi l l  be ident i f ied ,  

111. To coaplete a f l o r i s t l o  and eoologioel stuby of the Hesotaeniaceaa 

and Desmidiaoeae in North Carolina. 

OBJECTIYES a 

To reoord the complete desmid f l o r a  of t h e  a t a t e  and determine the  

e f feo t  of h u b i t a t  f ac to r s  on the  d i s t r i b u t i o n  of species. 

JUSTfFI CATION: 

Since these famil ies  oons t i t u t e  two very important and widely 

1 ; y " ; l j % 5  
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d i r t r l b u t e d  groups of green algae,  a knowledge of the species present i n  

the  s t a t e  and t h e i r  r e l a t i o n  t o  area and habi ta t  f ac to re  would eeem wodh 

recording, 

P H O D S  t 

A 1 1  taxa w i l l  be i l l u s t r a t e d ,  data  w i l l  be organized, and keys w i l l  

be constructed t o  a l l  known taxa and a Ph.D. t h e e i r  w i l l  be oompleted on 

the  two fami l ies  in North Carolina.  

IV. To organise data and wr i t e  a paper on the ecology of oe r t a in  epecier 

of fresh-weter algae. 

OBJECTIVES8 

To orgeniae and wri te  a paper on the eoology of a l l  species of fresh- 

water algae on which da ta  i s  a t  hand. 

PST IPICATION : 

Relat ively l i t t l e  data has been published on the ecology of species 

of fresh-water algae,  p a r t i c u l a r l y  on the eeparate e f f ec t s  of l i g h t  and 

temperature, and of a aur ren t  ~8 st i l l  water. Publication of data on the 

e f f e a t s  of these important hab i t a t  f a c t o r s  i n  r e l a t i o n  to  c e r t a i n  species 

would add t o  the meager da ta  now avai lable  t o  phyaologiete, limnologists 

and ecologis ts ,  

=HODS t 

By means of tables  and graphr the data  w i l l  be organised and a 

shor t  paper wri t ten presenting a l l  adequate data  et hend. 

V, To organize data a t  hand and wri te  a fresh-water a lga l  f l o r a  of North 

C a ro  1 ina . 
OBJEZTIVES: 

To write f o r  publication a book on the freeh-water a l g a l  f l o r a  of 

North Carol ina aontaining note8 on the geography of the area,  d i s t r ibu t ion  
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of inland epeoiee of 81888, with notee on the habitat and eoology of 

numerous epeoiee, 

JUSTIFICATION: 

Since it is believed we have the most complete record of the algal 

flora of any etate, and in addition much eoologlcal data on Individual 

epecieii it would ieem vel1 worth while to orgenlae the material and 

publieh it for the u8e of botaniete, phpcologiets, limnologirte, and 

eoologis tr . 
KETHODS 8 

Work will be begun immediately on the preparation of illuetr8tio~ 

of all genera known to ocour 5x1 the atate. Xeye to all tax8 will be con- 

etruoted, and all taxa will be lieted in syetematic order with habitat 

and ecological notee under eaoh plant listed. 

ed a8 a book by the Experiment Station of North Caroline State Univereity, 

The material will be publish- 

MATERIALS AND METHODS: 

North Carolina State University will furnish adequate working spaoe 

for the Graduate Assietsnt to oomplete her theeis and for the  two inveeti- 

gatore to work. 

neoeesary in the preparation of the manuscript will be furnished. The 

State University of  Hew York will likeviee furnieh 8paae for the Associate 

Xnveetigator and a certain amount of OtenOgr8phiC sad OleriOal aesistanae. 

TUVEL 

In addition much of the etationery and etenographic help 

Early In the projeot year the Graduate Aseistant will travel some to 

oollect desmid material in a few areas from vhich adequate collections have 

not been made. Most of the travel money will be w e d  for travel and eub- 

eietence for the fnvestigatore to hold eeveral week-long conferenoeu and 

work periods. Personal obligations W e  it necesaary that each remain on 
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his own campus moat of the time but it will be necessary for them to work 

together for short periods during the preparation of the algal flora 

manusoript . 
BACKGROUND AND STATUS OF PERSONNEL 

Soientifio Personneat 

Senior Investigator --Larry A. Whitford, Professor of Botany, 
f. C, State University of lorth Carolina. 
(See original 

50% d'morr., lOO$ 6 nor. 

ropoael for biography and 
bib1 iography . P 

Assooiate Investigator --George J .  Schunuroher, hofessor of Biology, 
Harpur College, State University of New 
York. 
1960 for biography and bibliography.) 
lOO$ of ti- July 1966-February 1967. 

(See renewal proporal for 1959- 

Graduate Aasisfant --Yoon C. Kim, B. S. and two years graduate 
work, Seoul National University. Candi- 
date for Ph,D, degree, 11, C. State Uni- 
veraity. 1/2 time 9 month8. 3/4 time 
June, July, Auguet. 

0 t her Per rronne&: 

Student labor will be ured prinoipally for the inking of drawings of 
algal species and for olerioal work in sorting and arrangement of data. 

Other P W C i a l  A88iBtculCQ 8 

Horth Carolina State Univeralty will aupport the projeot In the amount 
of half  the salary of the Rlnalpal Investigator for 6 month8 and et full 
081- ~ O T  6 montho, aa indicated in the bumti and The State University 
of Hew York, Harpur College, will support the Assoolate Investigator in 
the amount of half hie salary for nine months. 



T 'PLE: Studier in the E 

PROPOSED BODOET 

ology of Fresh-water Alere in North Carolia 

PROJECT LEADER: Dr. Larry A .  Whitford DEPARTMENT: Botany 

ESTIMaTED EXPZNSES FOR; Marcb 1, 1966 THROUGH February 28, 1967 - 
RENlWAL PROPOSAL 

B. c.  state u. a 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

0.  

NO 

SAURIES 
Principal Investigator 
(5096 6 mor., loo$ 6 moo.) 

Investigator ( ~ O O $  9 mor.) 

L 

Bequerted State Univ. of 
from A N  pew York Tot81 

Labor 

Matching Retirement and Sooial 
Security Contributions 8 (11s 
of $13,250 & $12,450) 

TRAVEL 

PRINT IlOO 
(Cost of publioations) 

COMMUNICATIOlS 

SUPPLIES 

TOTAL DIRECT COSTS 

TOTAL IIDIRECT COSTS (36.2696 
of salarier and labor) 

TOTAL BUDGET 

300 . 00 0.00 

1,456.00 1,370 .OO 

800 . 00 0.00 

300 00 0.00 

50.00 0.00 

100,000.00 
$19 9 556 $13,820000 

*N. C. State Univerrity contribution 
**State Univereity of Bev York oontribution 

No other Federal assistance available 

813,000.00 

12 700oOO 

3 9  300 00 

300 . 00 

2,828 . 00 
800 . 00 
300 00 

50.00 

100 OQ 

8 33 P 378 00 

10.624.0Q 

$44,002.00 

person vill, on the ground8 of race, color or national origin, be ex- 
oluded from partiolpation in, be denied the benefit8 of, or be subJected 
to discrimination under this progrm. 

I : 3 q f '  2 q t 1 L  1 



Msr. 1, 1965 to Nor. 30, 1965 

Contract No. AT-(40-1)-2100 vith 0. 3. Atomic Eaergg Comml8rion 

Contributed Needed to Contributed 

1. C. State 1966 Expended to 
Fob, 28 b;l bY 

Item Ilov. 30 Unf+* 20t.i 

Equipment, rupplier 
and aontraatual 290 89 50*00 340.89 

Travel and per dies 761.38 0.00 761 . 38 
Overhead** 3,182.00 

*Inoludee retirement and Soaial Security aontributioa of $306. 
**Overhead charged AEC (39.m of a l l  8alariea and wager) 

Carry-over from last year $511 . 06 
Contributed by AEC 1965-66 
($13,396. lese carry-over $311.06) $1 3,084 . 94 
Contributed by NC30 1965-66 7,221.00 

Lese total estimated 
expenditure8 

Estimated deficit 
1965-66 

) 2 0 a a 5 1  

Financial Statement approved: 
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Memorandum 
TO : R. G. Humphries, Director 

Contract Division 
DATE: 

PROM : I-knWn M. Roth, Director 
Re search and Deve 1 o p e n  t Div is ion 

svrr@~r: REQUEST FOR CONTRACT ACTION 

ORS :EMM 

lt is requested t h a t  you take the necessary s t e p s  t o  process the 
following described con t r ac t  ac t ion :  

1. Nature of Action Requested: 

- /T Selec t ion  of New Contractor and/or 
Negotiation of- Contract 
Number: 
Contractor : 

@ Modification of Contract 
Number : ~T-(40-1)-2100 
Contractor : North Carolina S t a t e  of the  University 

of North Carolina a t  Raleigh 
Raleigh, North Carolina 

2 ,  Nature of Services t o  be Covered by Contract: Research 

T i t l e :  "Studies i n  the  Ecology of Fresh-Water Algae i n  
North Carolina" 

3. v p  e of Contract: - /g lump-Sum - /T Cost -vpe  - /v Other 

4. Amount t o  be Obligated by t h i s  Contract -Action: ~ , o o o ~ o ~  

5 .  Description of Other Changes t o  be Covered by Contract Action: 

Modify con t r ac t  t o  increase amount of new AEC funds for period 
March 1, 1965 through February 28,  1966, from $13,054 t o  
$17,054. Revised Appendix "A" is attached . 

6. Authority: 
Form AEC-481 (Contract Authorization) from C. L. Dunham t o  
S. R. Sap i r i e  dated March 3, 1965 

Herman M. Roth 



NORTH CAROLINA STAW OF THE UNIVWSIn CONTRACT NO. AT-(w)-1)-21OO 
OF NORTH CAROLINA AT RALEIGH 

APPEND1 X "A" 
(REVISED) 

For the Contract Period March 1, 1965 through February 28, 1966. 

A-I RESEARCH TO BE PEBFoE(MEiD BY CON1RAC'N)R 

The Contractor w i l l  continue t o  conduct research on the ecology of 
fresh-water algae i n  North Carolina. This research w i l l  include such 
approaches as (1) study of the ecology of species inhabiting the rapids 
of streams, (2) study of method of determining the average current 
speed within a small area,  (3)  continuation of f l o r i s t i c  and ecolo- 
gical  study of the Mesotaeniaceae and Desmidiaceae in  North Carolina, 
and (4) continuation of work toward completion of a compilation of 
algal  f l o ra  of North Carolina. The Contractor w i l l  also conduct an 
i n v e s t a a t  ion of the ecology of heterotrophic algae l iv ing  i n  subart i c  
lakes . 

A-I1 APPROXIMATE LEVEL OF RESEARCH EFFORT 

(a) Contractor Personnel: 

Dr. L. A. Whitford 

2 Research Associates 
2 Research Assistants 
1 Research Assistant 
Student Help 

Principal Investigator 

Approx . 
"x of time 

Academic 50% 
Suamer 100% 

66% 
34% 

As Needed 
As Needed 

(b) Premises, F a c i l i t i e s ,  and Materials t o  be 
Furnished by the Contractor: 

* 
Adequate laboratory f a c i l i t i e s  and equipment, including growth 
chambers, are  available t o  conduct studies i n  the ecology of 
fresh-water algae and of heterotrophic algae l iving in  subartic 

' lakes. 

A-I11 ITEB OF EQUIPIBNT TO BE PURCHASED OR PAIP(1CA'IED BY CON'RUC- 
COSTING $500 OR XIRE 

None 
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the University 

BudgetmdRcponinlCLdcath: 06 05 01 
Albtment Tda: 

Budget and Reporting Chui6catjOO: 
Allotment Tda: 

14. SPECIAL PROVISIONS AND INIIRUCllOW.: 
Th tahni i l  upear d the p r y l m r k h a e b a r n  ferrLmd and mapprooed A n+ currently & far the mulu dth r a u r c h  or otha 
rortthatmtobeundcrtah. aKdthcAECfundoch.llbeuwdtoamfarfellamhlp. 
pleue k q  w informed u to any p r o b l ~ e n p u n t a c d  in ~urneeodrtionr, .I dl 10 the date d accutim d thio contract and the amount d 
fuada obhgated If budget u ucgotuted Men dwtantta&fnrm that m the propoul, p law forward I copy d the d % u d g c t  to Had- 
Q=Q= 
If not a h *  ~abmittsd,~ ~ m d o ~ d t h e p r o p o w d r o r k  obcmld be forwarded by the c ~ l t r . ~ c  u mo u pubk .her negotirtioo d 
tbeamtrrrr 

0 6-5 1-9 1 (24) 
8. PLANT AND CAPITAL EQUIPMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . # 

An investigation of the ecology of heterotrophic algae l iving i n  subarctic 
1ak.r. 



NORTH CAROLINA STATE 
OF THE UNIVSLBSXTY OF NORTH - 0 U A  

AT RALEIGH 

SCHOOL OF .kRICULTURE ASD LIFE SCIENCES 
OmcE OF THE D U u  AND DIaU=rORS 

P. 0. Box 5847 
RAWCH, N. C. 27607 

March 9, 1965 

Dr. C. S. Shoup 
Chief, Biology Branch 
Research and Development Division 
Box E 
U. S. Atomic Energy Commission 
Oak Ridge, Tennessee 

Dear Dr. Shoup: 

We were informed this morning that $4,000 has been allocated for research 
to be done by Dr. John E. Hobbie, and that this amount is to be added to 
Dr. L. A. Whitford's present AEC contract No. AT-(40-1)-2100. 

The Administration of the School of Agriculture and Life Sciences agrees 
to this arrangement and anticipates no difficulties in the disbursement 
of these funds. 

We are most appreciative of your continued support and assistance for our 
research endeavors. 

S inc er ely , 

H. A. Stewart 
Acting Director of Research 

cc: Dr. L. A. Whitford 
Dr. B. S. Martof 



Jared J. Davir 
A Q U r t i C  E C O ~ O 6 l ~ t  

Environaental Solanoor Branoh 
Piv ir ion of Biolo6p and Yodioim 
AEC, W a a h i n g t o n ,  D.C. 20545 

Dear Dr. Dorir, 

Thank you for your l e t t o r  of hbmory 5, 
whothor or not  you bare 6 oopy of thr ptopo&&l 1 rubalttrd to  
tho Arct io  InBtitutO (one waa ronf t o  h', Volfr). 9hetofOi6, 
I enclore a copy for your I n t o n a t i o n ,  
aopy of t h i 8  to  Dr. Vhitford at  North C ~ o l i n .  S t r t o  lor bfr 
information. 

t u n6t d W  

1 albo haw0 rent & 
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environment th roueh  heterotrophy. 
To d i s c o v e r  11 8 U b 8 r C t i C  f r o s h u a t s r  algae are odaptod t o  t h e i r  

Rrr?e?e. 

h p p 1 a r . d  lekes has s t i a u l u t e d  nuoh d i s c u s e i o n  abou t  t h e  h e t e r o t r o p h i o  
c3ilitiea of  algae, p a r t i c u l a r l y  t h e i r  a b i l i t y  t o  tako  up df8eolvod o rgan io  
coapounds. 3odhe p o s t u l a t e d  t h a t  t h e  algae nxay be e x c r e t i n g  o r g a n i c  
a t t e r  i n t o  t h o  wa te r  d u r i n g  t h e  s u m e r  a n i  t a k i n s  i t  up du r ing  t h e  x i n t e r .  

e x c r e t i o n  of organic r a t t e r  by n a t u r a l  po2u la t ion8 ,  so much, i n  f a o t ,  
t h a t  he  ca3t  8 0 r i O U f ~  doubt0 on t h e  r e l i a b i l i t y  o f  the  carbon 14 method of 
measuring p r l r a ry  product lv$ty .  
t o  r t u d y  the cp toko  of d i e r o l v e d  organlo  m s t e r i a l  i a  n a t u r a l  popu la t ions  . 
r i t h  the  available t echn iques .  

Rodho's l a b o r a t o r y  on t h e  problem of the  up take  of d iaaolved  o r g a n i c  
n a t o r i a l .  le have nor worked out  A now method, uolng i e o t o p e r ,  that 
gires t h e  r a t e  of up take  of organio aompounda by phytoplankton And-8180 
roparatos t h e  rate i n t o  t h a t  part due t o  bacterle and t h a t  part due to. 
algae. 
alcae t o  t a k e  up  d i s o o l v e d  or~anio material under t h e  ice and in early 
suzmr. If Rodhe's p o e t u l a t e  Is t r u r ,  t h e r e  s h o u l d  be high  r a t e 8  of 
uptake  pol: algal unit d u r i n g  minter  and l o a e r  rater dur ing  t h e  8uPIPet &I 
tbu algso a d o p t  o r  6s t h e  popule t ion  changeo. The progect, t h e r e f o n ,  
roLld  g i v e  b a e l c  i n f o r m a t i o n  about  t h e  s u r v i v a l  of al6ae under  the io. 
of s u b a x t i c  l a k e e  and abou t  8oce of t h e  a d e p t a t i o n 8  thoy have made t o  
the  o o v ~ t o  envi ronxnnt .  Yo tu ra l ly ,  t h e  phytoplankter .  t h a t  grow UndQr the 
l c o  Gr'a c r t r c c o l g  i s q o r t n n t  t o  t h e  o u m i v ~ l  o f  t he  zooplankton, especially 
thoco  a z i x l a  that repzoduco cndor  t h e  l o o .  

projoct -.ould s l s o  be of b a s i c  importanoo t o  t h o  e tudy  of produot ion i n  
all n n k r a l  mctera. Xost of t h e  roluro of the ooouzb end  of deep lake8 

produotion occura. Both b a c t e r i a  and alene h a w  boon found In t h e  depth. 
of lo!:es cnd tbouosndo of n o t o r s  doap In the  884 (Tood 1963), y e t  l i t t l e  
13 k;no.;;1 of t h o i r  survival and Croath. Roccnt ly ,  hoaover, wzhkkz2Zn 
Pnroona a n i  S t r i c k l a n d  (1952) s u z p e t o d  t h a t  mthp he te ro t roph io  soainilatlon 
c.xy bo a Q i n Z i f i c a n t  f r c c t l o n  of tho pho toayn tho t l a  produotion, when 
cono idor i cg  t h o  -ahole wa te r  column in a deep ocean.* 
and e l ~ = o  e x t e n s i v e l y  u s e  the  t r e m n d o u r  rerervoir of energy r ep resen ted  
b9 t h e  d l s e o l v e d  o r g a n i c  matter of natural r r t o r o  (Juday 1942), t hen  t h e  uru.1 
m o r n  p s t h r n y s  o f  a q u a t i c  b io logy  mu8 t be r a d i c a l l y  modif ied.  
z?y also be impor ton t  t o  t h e  bonthio a1630 
fo3r.d clcrre G r o d x Z  r o l l  b d c i  tho t$ l i c h f  l o v c l  i n  t h e  Canadto3 szotio. 
Carfr.inly the  quoo t ion  of algal he te ro t rophy  i o  a aurronf  one, and row 
i a ? o r t a n t  t o  a q u a t i c  problem. 

';;-io 8ubarCtiO l a k o s  are tdeal  p l ~ C 0 8  t o  study t h i s  question, 
tz . ;zu=o t ho  c u ? m  of srpar icon:al  variables i e  erostly mducod. An lco 
czd E ~ C T  cover  ooale off  tho lokeo, yet  Ohod,o31 cont2ionr do not c',a?!o 

pc i la t ion  of alp1 h o t e r o t z o p h s  t o  dovelop. 
polar rs,-lona, t C a  nuzbor of opeoloo l a  reduced  eharply, which s t r p l i f i e a  
tto c.aursrotion Of t h e  91618. 

Tho r e p o r t  of  Rodho (1955)  t h a t  a l g a e  e x i s t  undor t h e  % I n t e r  i c e  of 

3066 (1958, 1963), acting on t h i a ,  uns a b l e  t o  show a l a r g e  m o u n t  o f  L 

Yet, neither Po& nor Rodhs were a b l e  

For  tho  p a s t  18 months, B. Wright and ayself have worked in Prof. 

1 

Using t h i s  method, I r o u l d  l i k e  t o  r t u d y  the a b i l i t y  of s u b r r o t i o  
. 

A t  r3ll aa bolng  basio t o  tho study of aubarstio plnnkton, t h e  

, 
lies bozca th  t h e  ?ho t lo  zono rhere i t  l a  u o u s l l y  dons idered  t h a t  l i t t l e  c 

Thur, i f -  the b a c t e r i a  

Hetero t rophy 
R. F;ilco (personal  o o z u i c a t i o n )  

c~~raoiobly. p1 Ah0 r e o u l t i c g  l o n p t o r n  a t a b i l i t y  ohould enabla  a b izoab la  
Sa odCfon, a0 i s  oo=m i n  the 

b 
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Memorandum 
TO : R. G. Humphries, Director 

Contract Division 
DATI: February 9, 1965 

PROW : Herman M. Roth, Director 
Research and Development Division 

sm@cr: REQUEST FOR CON'IRACT ACTION 

0RS:lQM 

It is requested t h a t  you take the necessary s t e p s  t o  process the 
following described cont rac t  action : 

1. Nature of Action Requested: 

- /T Se lec t ion  of New Contractor and/or 
Negotiation of  Contract 
N u m b e r :  
Contractor:  

%V Modification of Contract - 
Number : AT- (40-1)-2100 
Contractor:  North Carolina S t a t e  of the University of 

Raleigh, North Carolina 
North Carolina a t  Rale igh  

2. Nature of Services t o  be Covered by Contract:  Research . .  

T i t l e :  "Studies i n  the Ecology of Fresh-Water Algae i n  
North Car0 1 ina" 

of Contract: Zump-Sum /'7 Cost-Type /7 Other - - - 3 .  Type 

4. Amount t o  be Obligated by t h i s  Contract -Action: $13,054.00 

5. Description of Other Changes t o  be Cov€!rtd by Contract Action: 
Modify con t r ac t  t o  provide for  the  performance of  additional 
research  to  be completed during the period March 1, 1965, 
through February 28, 1966. The AEC w i l l  support the project 
i n  the  amount of $13,054 i n  new funds. 

6. Authority: 
Form AEC-481 (Contract Authorization) from C. L. Dunham t o  
S. R. S a p i r i e ,  dated January 

Herman M. Roth 
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NORTH CAROLINA STATE OF THE UNIVERSITY 
OF NORTH CAROLINA AT RALEIGH 

CONTRACT NO. AT- (40- 1) -2100 

APPENDIX "A" 

For the  Contract Period March 1, 1965, through February 28, 1966. 

A- I 

A- I1 

A- I11 

RESEARCH TO BE PERFORMED BY CONTRACTOR 

The Contractor w i l l  cont inue t o  conduct research on the ecology of 
fresh-water a lgae i n  North Carol ina.  This research w i l l  include such 
approaches as (1) s tudy  of the  ecology of species  inhabi t ing  the rapids  
of streams, (2) study of method of determining the  average cur ren t  
speed within a small a rea ,  (3) cont inuat ion of f l o r i s t i c  and ecolo- 
g i c a l  study of the Mesotaeniaceae and Desmidiaceae i n  North Carolina,  
and (4) Continuation of work towards completion of a compilation of 
a l g a l  f l o r a  of North Carol ina.  

APPROXIMATE LEVEL OF RESEARCH EFFORT 

(a) Contractor Personnel:  

. D r .  L. A.  Whitford 

Research Associate 
2 Research Ass is tan ts  
Labor 

Pr inc ipa l  Inves t iga to r  

Approx. 
'R of time 

Academic 50% 
Summer 100% 

2 1% 
34% 

As Needed 

(b) Premises, Fac i l i t i es ,  and Materials t o  be 
Furnished by the  Contractor : 

Adequate labora tory  f a c i l i t i e s  and equipment, including growth 
chambers, a re  ava i l ab le  t o  conduct s tud ie s  i n  the ecology of 
fresh-water a lgae i n  North Carolina.  

ITEMS OF EQUIPMENT TO BE PURCHASED OR FABRICATED 
BY CONTRACTOR COSTING $500 OR MORE 

None 



n 04a.I 
U. 8. ATOMIC ENERGY COMMISSION 

CONTRACT AUTHORIZATION 
1. DAW 8. AWHOWZATIOW 

110. JAR 2 8 -  
-65-381 

1 FIXED PRlCR 

0 COST REIMBURSCMLM 

0 
I 

11. PROJECT TITLI 

*.A. To 
S. R. Sapir ie ,  Manager 
Oak Ridge Operatioar Office 

&A. CONTRA-R ( N m .  I U r # r r ,  D-, a.) 
Department of Botany and Bacteriology 

Mr. Jarad J. Davlr 
. FINANCINQ (Nm IBC F d ,  Nd TO Atorrrl I- 

....................... $ 13,OM 
B u d g c t a n d ~ 8 ~ u t i m 1 :  06 05 01 342 VIIcxpaadCd balsnce 
Allotment Trader: 06-51-91 (24) 

8.R PROM 
C *  L. Dunhm, I4. D 
Divirion of Biolog 

4.B. PRINCIPAL INVKWTIQITQR (@) 

A etudy of the ecological factor8 which control natural dirtributions, 
habft8t requiremanta, md 8su- l  C g e l U  of frUh-ultm .Ism. 

B. 

o NEW CONTRACT B RCNKWAL OTHER 

8. RECOMMENDED TYPE O f  CONTRACT: 

6. TLRY Of CONTRACT 7. CONTRACT NUMBER 
3-1-65 t h n  2-28-66 &r (40- 1) - 2100 
*. PROPLRTT TITLE TO V U T  IN: 10. @CCURITY CLABSIfICATION: 
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- NORTH CAROLINA STATE COLLEGE RALEIGH INSTITUTC OF BIOLOGICAL SCIENCES 

SCHOOL OF AGRICULTURE DEPARTMENT OF DOTANY 6 UClWOlOGY 

h'. c. s. .%OlID 
Chief, Biology Branch 
Research and Devetobment Division 
U. S. Atonic E n e r w  Comission 
Oak Rldge, Tennessee 37831 

Dear Dr. Shoup: 

Enclosed is a revised and corrected estimate of our expected expenditures 
u n t i l  the  end of  the  cont rac t  period, including the change in fornat  you suggaskd. 

Yours very t ru ly ,  

Professor of Botany 

LAY:es 

Enclosures 

w 
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REPORT ON THE BUDGET 

Item 

(Revised) 

March 1, 1964 to November 30, 1964 

Contract No. AT-(40-1)-2100 with U. S. Atomic Energy Commission 

Contributed Needed to Contributed 

Expended to B. C. State Total 
by AEC Feb. 28 by 

Nov. 30 

Equipment, supplies 
and contractual 

Travel and per diem 

Overhead** 

1,370 . 16 
634 . 80 140 . 00 774.80 

4,407 . 00 
*Includes retirement and Social Security contribution of $306. 

**Overhead charged AEC (39.5076 of all salaries and wagee) 

Carry-over from last year $ 0.00 

Contributed by AEC 1963-64 17,913 00 

Less total estimated 

Estimated carry-over 1964-65 S 342.21 
expenditures (AEC funds) 17,570.79 

Financial Statement approved: 
W. L. Turner 
Business Manager 
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Memorandm 
to . 
=OM : 

-: 

Ebrman M. Both, Director 
Rarearch and Developerit Diviaion, OR 

Ws are r u b i t t l n g  for your review and appropriate action the 
following information concerning the contract which w i l l  expire 
on -8 

1. Renewal kOp06al ( w 
2. Prograre Report ( a8 
4. 200-Word Summary ( 8) 
3 .  Financial Statement ( 4 - 

We o h a l l  appreciate your advicling ua of your decirion 80 that 
wt m y  proceed with the necessary contract action a t  ths 
earl iert  porsible date. 

‘#erman M. Both 

Bnclo8ure : 
As Li s ted  Above 



A RENEWAL PROPOSAL 

to 

UNITED STATES ATOMIC EnERGY COMMISSION 

CONTRACT NO. AT-( 40.1) -2100 

Covering the period from March 1, 1965 through February 28, 1966 

Bequeeting support in the amount of $20,61?.00 

Title of the Project3 Studiee in the Eoology of Fresh-water 
Algae in North Carolina 

APPROV3D 

North Carolina Agrioultural Experiment Station 

NORTH CAROLINA STATE OF THE 
UNIVERSITY OF NORTH CAROLINA 
at Raleigh, North Carolina 
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SUMMARY OF PROPOSED WORK 

The work planned is a continuation of last year’s work with one added 

projeot involving a method o f  determining average current speed in a small 

area. Radioaotive material vi11 be used in this study. 

The two Investigstors plan a few more experinento on the uptalte of 

They will also investigate the possibility of radio-actfve phosphorus, 

using radio-aotive eulfur to make radio-autographs of oolonies of oruatoae 

algae, These would be ueeful in mtudies of the eoology of rapids apeoies. 

Most of the time the fnveetigatora will atudy the speoies eoologg of 

selected stream apeoiea uuing an artifloial stream apparatus whioh her 

been devised, With thir apparatue the effects of ll~ht, and temperature on 

8inglS species are being compared in still water or at different ourrent 

speeds, Further work on primary produotion in streams will be continued, 

Mr. Gary E. Dillard, Graduate Aaaiatant, expects to oomplete the re- 

quirements for the Ph.D. degree during the summer of 1965. 

work is requested for three month6 only. 

Support for  h i s  

Mre. Yoon C, K i m  will continue her study of the epecies of desmids in 

North Carolina and their distribution in relation to geographic area and 

major habitat factors. Collections with habitat data are at hand from all 

regions o f  the etate but some further travel to m k e  collections will be 

done. 

Since genera and speoies new to the state are still being oollected a 

emall amount of time will be devoted to their study. 

within the state of several apparently rare speoies of fresh-water aleae 

will be ioveetigated, 

The distribution 

A paper will be prepared for publication includi- data on Important 
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eoological factore affecting a number of species of freeh-water algae. 

OVERALL PROJECT 

Studies in the Ecology of Fresh-water Algae in North Carolina 

OBJECTIVESz 

1. To obtain further data on the apecies and oommunltlea of algae 

In the rapids of streams together with habitat factors influencing their 

growth . 
2. To continue a florietic and ecological etudp of the Meeotaenia- 

ceaeendDesmidiaceae In North Carolina 

3. To continue work toward a oompilation of an algal flora of North 

Carolina. 

JUSTIFICATION: 

Work during the past two years has demonstrated that lotic epecies of 

green algae (Chlorophyceae) reepond to a current with increased respiration 

and mineral uptake in proportion to speed of current, and their response is 

greater than in caee of lenitic species. 

importance in the management of etreams f o r  fieh production and in the con- 

centration and removal of radioactive waetes from streams. This work rhould 

be extended to include all important groups of algae, A parallel study of 

the morphology, dietribution and ecology of little known but important genera 

of crustose algae would seem important. 

on other important stream species would fill a serious gap in our knowledge 

of etream ecology and liminology. 

larly a comparieon of production in rapids a8 compared with that in quiet 

areas, would be well worthwhile. Little such data is at present available. 

These data could be of practical 

Data on these species 88 well ao 

Data on production in etreame, partlou- 
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The Desmidiacese and the related Meeotaeniaceae are two of our most 

Knowledge of the distribution, important families of fresh-water algae. 

abundance and ecology of these groups, which are abundant in both lsnitic 

and certsin lotic habitats, would eeem well worthwhile. 

Work during epsre time toward compiling a complete fresh-water algal 

flora of the etate also s e e m  justified. 

EXPERIMENTAL PROCEDURES, 

A few more experiments on the uptake of radioactive phosphorus in a 

current as uompared with that in still water will be done. More data le 

needed on the effect of time on uptake and also on the effect of pbosphorua 

level on rate of uptake. 

methods previoualy used. 

microscopic colonies by using radioaotive sulfur will be tried. 

This work will be done in the laboratory w i n g  

The possibility of making radioautograph8 of 

A study will be made of a method of determining the average current 

speed in amall areas by means of diffusion tubes containing radio-active 

materials or dyes. 

Further data on the effect of a current and of light on the grovth of 

important species w i l l  be collected. Studies of the morphology of eeveral 

interesting epeoies of Chlorophyceae will be aontinued using slides placed 

in stream. 

Studies of the effects of light, temperature and a current w i l l  be 

studied in the laboratory using an artificial stream apparatus whioh has 

been devised. With this apparatus the separate effect of light and of 

temperature can be studied. 

The etudy of the distribution of the Mesotaeniaceae and Deemidiaceae 
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in North Carolina will be oontinued, ana habitat factors such aa water 

temperature, depth, pH, and influence of associated species will be noted, 

A large number of herbafium speaimens from the state will be studied also. 

Particularly during the winter monfhe, a aesrch will be made for 

rape end little known species believed to ocour in the state, 

SWPRO JECTS 

A Study of the Eaology of Speoiee Inhabiting the Rapids of Stream I. 

OB JECTXVES : 

a. To deteqlne  whether light, temperature, or current speed ia 

most important in determining the pmeenae and abundance of important 

epecles in rapida, 

b. 

0 .  

To aollect data on production by dominant rapids epeciee, 

To oollect further data on the effeot of ourrent speed on 

distribution of rapids epec$es. 

d. To oontinue morphological and life hietory studies of certain 

rapid6 speaies. 

e, To collect further data on mineral uptake by lotic species of 

algae. 

JUST IFICATIOI I 

If, w preliminary data indicates, a ourrent has e mrked influenoe 

in mineral uptake, and lotic speoie8 show a greater response to a current; 

reliable and adequate data on all groups possible which inhabit rapids 

would seem desirable, In management of streams for fish prOdUCtiOA it 

might prove praoticable to construot a series of rapids in order to 

increase basic organic production, The removal of undesirable amounts of 
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radioactivity f o r  streams might be achieved by the construction of weirs 

or rapids where lotic species of algae would absorb radioactive minerals. 

Weirs or rapids could be 80  constructed that the radioactive algae could be 

harvested for disposal of wastee. 

Relatively much lees data is at hand on lotic habitats than is 

available on the plankton community and other lenitic habitats, It would 

seem that any eoologioal data would be of general acientific value as well 

a8 for the two practical reasons cited in the paragraph above. A determi- 

nation of the relation of current speed to distribution of apeoiea would be 

of value in a comparison of different types of streams aB well as of 

practical value in the construction of artificial rapids or weirs. A 

knowledge of any variation In organic production in varioua parts of streams 

would be of eimilar value, 

Several important rapids species are poorly known. Data on the 

morphology, life history and growth rates of these species would seem 

valuable f o r  any of the reasons given above. 

METHODS : 

a. During the past year an artificial stream apparatus was devised 

by means of which stream water at controlled temperature, exposed to full 

daylight can be circulated in a "atream" two meters in length. 

proposed to expoee coloniee of rapids algae oollected on pebbles and glass 

mioro-slides to variations in light temperature and current speed. 

using two sets of apparatus two factors can be held constant and the third 

varied so that it can be determined if this factor is the limiting one, 

Preliminary teste have Indicated that any one of the three can be limiting 

It le 

By 
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for certain species. The most favorable light intensity, temperature and 

current speed will be determined for important lotic species and for 

several interesting rare species. 

b, Counts of individual cells and colonies of algae collected on 

glass micro-slides in different habitats will be made and the results 

subjeated to statistical analysis. D r y  weight samplee of the total a l p 1  

population from the same habitats will be ueed to determine total pro- 

duction and for comparison with data from specie8 oounta. 

a.  Further data will be collected on the effect of current on the 

distribution of speoies. 

occurring in late winter and early spring since almost no data ie at hand 

f o r  these forme. 

Special attention will be paid to spealee 

d. More data will be colleoted on the effect of time and of 

phosphorus concentration on the uptake of that element by lotic species of 

algae . 
11. A Study of a Method of Determining the Average Current Speed Within 

a Small Area. 

OBJECTIVES: 

To determine if the diffusion or radio-active materials and dyes can 

be used to measure the average current speed in a small area, 

JUSTIFICATIOIr 

Since current speed markedly affects growth of many epecies of 

organisms, and since current speed ie known to vary considerably within 

relatively small area8 in the rapids of streams; a method of measuring 

average current speed within a emall area would be valuable. 
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EXPERIMENTAL M5THODS t 

Small tubes filled with watei in whioh radio-active salts or dyes is 

dissolved will be covered with a plastic film permeable to the diseolved 

material and anchored in a current and in s.bill water. The amount of 

diffusion out of the tube in a 24-hour period will be determined by mean8 

of 8 radio-activity counter or a oolorimeter. 

different amount of diffusion out of the tubes in still water and a current 

an attempt will be made to conetruct a table o r  graph of diffusion rate in 

ourrents of different epeeds. It is hoped the data or curve can be w e d  

to indicate average ourrent speed over a period of time. 

111. 

If there is 8 significantly 

To Continue a Floristic and Ecological Study of the 

Meeotaeniaceae and Desmidlaceae in North Carolina, 

OBJECTIVES t 

To record all specie8 in these two important familiee occurring in 

the state and their dietribution In relation to geographic area and 

important habitat factors. 

JUSTIFICATIOB t 

Desmids are an important element of the flora of the littoral zone 

and the plenkton; and occur to some extent even in smaller streams. An 

eetimated 450-500 species and varieties occur in the etate, Ecologlosl 

data on most algal communities would be incomplete without the inclusion of 

desmid species. 

are already at hand, and the common species have already been identified. 

Half as many more collections at different sea8ona and from aome of the 

lese accessible areae of the etate would permit a complete flora to be 

compiled and conclusions drawn ae to the relation o f  dietribution to 

Several hundred oollectione, with Borne eoological data, 



. ./.I . 

seaaon and important habitat factors. 

EXPERIMENTAL METHODSt 

Detailed microscopic study of the collection8 already 8t hand will 

be made and the deemid flora oompiled. 

and specie8 studied as far as possible In the fresh conditions. These 

Further oollections will be made 

oollectione will enable conclueions to be drawn as to distribution of 

species in relation to season and geographia area. 

reaorded to enable conclusion8 to be drawn as to distribution in relation 

Habitat data will be 

to water quality, pH, temperature, light and the algal community occupied 

by eaoh species. Partioular attention will be paid to the dietribution 

of some apparently rare epeaies known to occur in the state and to the 

meeting and oommingling of northern and eouthern floras of desmids. 

IV. To Continue Work Toward Completion of an Algal Flora of North 

Carolina. 

OBJECTIVES; 

To oompile 8 complete flora of the fresh-water algae of North Carolina. 

JUSTIFICATION: 

Before good ecological work can be done in an area of any size a 

knowledge of the epeciee occurring in that area is necessary. 

of fresh-water algal flora of the state would enable future ecologioal 

Completion 

work to be undertaken inaayalgsl hebitat. 

would also enable workers in the future to record possible changes in 

A complete record of the flora 

relation to changee in physical habitat, weather, climate, redioactivity, 

eto.  Although more than 1,400 speaies and varieties of freah-water algae 

have already been reported f rom the etate, it ie estimated the flora I s  

only 6 6  complete; therefore, coneiderably more work will be needed to 
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complete a flora. 

EXPERIMENTAL IETHODS : 

Little time will be taken from other project8 to work on the flora, 

but new, rare, and unrecorded speoiee will be identified when found. Ex- 

cept for the Mesotaeniaceae and Desmidiaceae the species of Chlorophyceae 

have been well worked, therefore attention will be paid ohiefly to other 

groups 

BACKGROUND AND STATUS OF PERSONNEL 

Scientific Personnels 

Senior Investigator --Larry A. Whitford, Professor of Botany, 
N. C. State College. (See original 
propoeal for biography and bibliography. ) 
loo$ of time June, July, August, 50$ 
remainder of year. 

Associate Investigator --George J. Sohunurcher, Professor of 
Biology, Harpur College, State Univer- 
sity of new York. 
posal for 1959-1960 for biography and 
bibliography.) 100$ of time July, 
Auguet; 25s of time Sept. and Oct. 

(See renewal pro- 

Graduate Assistant --Gary E. Dillard, M. S. Southern Illinoie 
University. Candidate for Ph.D. degree, 
N. C. State College. 112 time 3 moa. 

graduate work, Seoul National Univer- 
sity. Candidate for Ph.D. denee, 1. 
C. State College, 112 time 9 months. 
314 time June, July, Au&usf. 

Graduate Assistant --Yoon C. Kim, B. S. and two yeare 

- Other Personnel: 

Undergraduate student8 will be employed as labor for glass-warhing 
and laboratory routine and as occasional field aaeietante for one day 
only, without diem. 

- Other Financial Aasietance: 

Hone . 



, . I . . ,  . 

-10- 

Materiala, EQUiDnent && Facilities: 

In addition to adequate equipment and growth ohambere listed under 

previoue proposals, 400 sq. ft. of laboratory space is used exclueivelp 

for phyoology research the year round. 

available during June, July and August. 

Travel : 

Any amount of additional spaoe le 

About 7546 of the travel money would be uaed as in past yearn; that i e ,  

for regular travel to the three atudy areas by the graduate student working 

on the ecology of rapida, for collecting desmids in all aections of the 

state by the other graduate student, and travel by the two inveetigators 

' at irregular intervals to areas where etream ecology studies are being 

carried out. 

Travel money in the amount of 8225 will be used for the two in- 

vestigators to attend the annual meeting of the American Institute of 

Biological Sciences at which each will give a paper. 



PROPOSED BUDGET 

TITLE: Studies in the Ecology of Fresh-water Algae In North Carolina 

PROJECT LEADEB: Dr. Larry A. Whltford DEPARTMENT: Botany & Baoteriology 

ESTIMATED EXPZNSES FOR: March 1, 1964 THROUGH Feb. 28, 1965 - 
RENEWAL PROPOSAL 

Requested N. C. State 
from AEC Colleue Total 

1, SALARIES 
Prinoipal Investigator 
(50$ 9 moa* , 1 0 6  June , 
July, Augu8t) 

Investigator 
(loo$ July, Bus. 25% SepL Oot.1 2,000.00 

Graduate Aasiatant 
time for 9 moa., 

July, August) 

Graduate Aaaistant 
(5096 time for 3 moa.) 

Student Help 
(Undergraduate Assistants) 

2,000 . 00 

750.00 750.00 

50 00 50 . 00 

Matching Retirement and Social 
Security Contributions s 7.42546 
of $4,5W,OO 334.00 371 00 705.00 

2. EQUIPMENT 
Ciroulating pumps 130.00 130.00 

3. TRAVEL goo . 00 900 . 00 
4. COMMUNICATIONS 50 00 50.00 

5. PRINTING 
(Coat o f  publicationa) 100 . 00 100 00 

6. SUPPLIES 

Chemicals, glassware, t0018, lumber, eta. 100.00 100.00 

7. TOTAL DIRECT COSTS $10,214.00 $ 5 9  371.00 $15,’j85*00 , 
- 
--,* 

8 ,  TOTAL INDIRECT COSTS (3796 of 
032 . 00 _p salaries and labor) 3,182.00* 1,850.00** 5, 

c- 9. TOTAL BUDGE2 S13,396*00 $7, 221.00 $20,617.00 

2 
T 

dC 

*Overhead based on 3746 of all ealaries and wages. 
**Overhead cost assumed by E. C. State. 

Bo person will, on the ground8 of race, color or national origin, be exoluded 
from participation in, be denied the benefits of, or be subjected to d i s -  
crimination under this program. 



REPORT ON THE BUDGET 

Item 

Mar. 1, 1964 to Novo 30, 1964 

Contract No. AT-(40-1)-2100 with U. S. Atomic Energy Commission 

Contributed Needed to Contributed 

Expended to N. C. State Tot81 
by AEC Feb. 28 bY 

Equipment, suppliee 
and contractual 776.16 340 b 00 1,116 . 16 

Travel and per diem 634.80 140.00 774 . 80 
Ove rheed- 4,407 00 1,793 00 6,200 . 00 

$23,359. * 74 
- t  *Include8 retirement and Social Security contribution of $306. 

**Overhead charged AFX (39.50$ of all salarieo and wages) 

Carry-over from last yeas $0.00 

Contributed by AEC 1963-64 #17,913.00 

Contributed by NCS 1965-64 6,632.00 

'. Less total estimated 
expenditures 323,559. 32 
Eetimated carry-over 

19 64-6 5 

Financial Statement approved: 

BUSine88 Manager 
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Memorandum 
TO : 8. G. ElurPphrier, Director: 

Contract Divi8ioa 

PROM : Herman M. Both, Director 
Research and Devalopwnt Dirir ion 

It i8  raquartad t h a t  you take tho neaarrary rtapo te, ptocerr tha 
follauing d e r c r i b d  contract action: 

1. Nature of Action Requertedr 

- /7 Sslaction of Baw Contractor and/or 
Negotiation of Contract 
Mumbar : 
Contractor : 

Mdif fcat ion o f  Coutract 
Humbar : AT- (40-1 1-2 100 
Contractor: North Carolina State  of the University 

- 
of North Carolina a t  Raleigh 

Raleigh, North Carolina 

2 .  Natura of Service8 t o  be Coverad by Contract: Baraarch 

T i t l e *  "Studies i n  t h e  Ecology of Freshwater Algae in 
North Carolina" 

3. Type of Contract: e7 UJEP-QUPI ~7 ~ o s t - ~ p p .  /7 Othar 

4. Amount t o  be Obligated by t h i r  Contract Actiout $17,898.00 

5. DercriptFoa of Othar Changer t o  be Carrered by Contract Action: 

Modify contract  t o  provide for the performance of additional 
research t o  be completed during the period March 1, 1964 
through February 28, 1965. The AEC w i l l  support the project 
i n  t h e  amount of $17,898 i n  new funds. 

6. Authorftp: 
Form -81 
S. R. Sapirie dated 2 7 f 7 2  

1 1 ;( "i I!. 5 8 
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NORTH CAROLINA STATE OF THE UNIVERSITY 
OF NORTH CAROLINA AT RALeIGH 

APPENDIX "A" 

CONlRACT NO. AT-(40-1)-2100 

For t he  Contract Period March 1, 1964 through February 28, 1965. 

A- I  RESEARCH TO BE PERFOBM16D BY CONTRACTOR 

The Contractor w i l l  continue t o  conduct research  on the  ecology of 
f resh-water  a lgae  i n  North Carolina streams. This work w i l l  in- 
c lude ruch approaches a s  (1) uptake by a lgae  of rad ioac t ive  
phosphorus, ( 2 )  use  of radioact ive s u l f u r  t o  make radioautographs 
of co lonies  of c m r t o s e  algae,  (3 )  study of t he  ecology of a l g a l  
inhabi tan ts  of stream rapids ,  (4) 8tudy of t h e  species ecology of 
se l ec t ed  6 t r ~ n  Spec ies ur ing an a r t  i f  i c i a l  s tream apparatus 
whereby the  effects of l i g h t ,  and temperature on a species can 
be compared in s t i l l  water or a t  d i f f e r e n t  cur ren t  speeds, (5 )  
fu r the r  r t u d i e r  on primary production i n  stream, (6 )  r t u d i e s  on 
t h e  morphology and l i f e  h i s to ry  of c rus tose  spec ies  of Chloro- 
phyceae, (6) s tudy of cornunity r e l a t ion rh ips  i n  rap idr  and 
production of dominant specieo, and (7 )  study of the  severa l  
species of desmid8 i n  North Carolina and the i r  d i s t r i b u t i o n  in  
r e l a t i o n  t o  geographic area and major h a b i t a t  f ac to r s .  

A-XI APPROXIMATE LEVEL OF RESEARCH EppORT 

(a) Contractor Personnel : 

D r .  L. A. Whitford 

Research Associate 
2 Reaearch Ass is tan ts  
Labor 

Pr inc ipa l  Inves t iga tor  

Approx . 
"k of time 

Academic SO% 
Summer 100% 

21% 
53% 

As Needed 

(b) Premises, F a c i l i t i e s ,  and Materials t o  be 
Furnished by the  Contractor: 

Adequate laboratory f a c i l i t i e s ,  equipment, and growth chambers 
are ava i l ab le  t o  conduct s tudies  i n  the  ecology of fresh-water 
a lgae i n  North Carolina.  

A-I11 ITEB OF EQUl-T TO BE PURCHASED OR FABRICATED BY CONTBACTOR 
COSTING $500 OR MDRE 

None 
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U. S. ATOMIC ENERGY COMMISSION 

CONTRACT AUTHORIZATION 
1.A. TO 

s. R. Sap i r i c ,  Manager 
Oak Ridge Operations Off ice  

Department of Botany 
North Carolina S t a t e  College of 
Agri. 6 Engineering, Raleigh, N. C.  

2 . A .  CONTRACTOR , S u w .  Addrerl. Depotm8nl .  etc.) 

I gory 1 -  asdefined by AEC I 0 EITHER-(Fitld Office 

defn*nicrofirm) Manual Appendix 3401. 

AUTHORIZATION NO. DATE 

I Bn-64-420 
B. FROM 

.lo=ing Director 
 isi ion of Biology & Medicine, tlQ - 

B. ?RINCl?AL INVLSTIQATOR(S) 

D r .  Larry A. Whitford 

STUDIES IN TEE ECOUIGy OF FRBSWAEIL ALGAE I# floILTB CAROLINA 
12. BUDOCT AND REPORTING CUSSIFICATION(S) 

(by  r rkr tht j  cluclbn) 

06 OS 01 

I 1. HEADQUARTERS TECHNICAL CONTACT 
' 

Hr. Jared J. Davis 
13. ?INANCINO 

0 my FINANCIAL PLAN BY AUOTYRNT TRANWKR - 06-41-91 (24) 
Allotment Transfer Chargeable : 

MAXIMUM AMOUNT OF AEC FUND9 AUTHORIZED FOR THE C U l O D  

U T I M A T L D  OBLIOATION AUTHORITY AVAILABLE ?ROY M N I O U S  
CONTRACT ?ERIOD - 

NEW OBLIOATION AUTHORITY TO BE CROVIDLD FOR IN THL 
CONTRACT 17,913 - ESTIMATED CONTRACTOR CONTRIBUTION ( I f  appplirabl.) 

TOTAL AMOUNT O? CONTRACT AUTHORIZED - 
'4. SrECIAL ?ROVISIONS AND INCTRUCTIONSr 

The technical aspects of the proposed work h v e  ken reviewed and are approved. A need currently exists for the results of the 
research or other work that is to be undertaken. None of thc AEC b d s  shall be used to confer a fellowship. 

P l a s e  keep us informed as to any problems encountered in your negotiations, as well as the date of urecutim of cootract and the 
amount of fund.? obligrted. 

T H E  F O U O U f I K C  lTEMS ARE APPWCABLE, IF CHECKED: 
0 Hudquartus has not made a detailed review of the following expcnsc itans, which &odd k investiptrd PI pyt of my 

IUgQtiatioa: 

0 Overhead 0 &nerd and Adminirtrati~e 0 Equipment costs 

It is &&ired that this cootract k funded for its entire term. 

0 Transfer allotment to cover the period to isrttacbed - SCOPE: 
known f l o r a  of streams. 
which ind ica t ed  higher r e sp i r a t ion  rate and P32 uptake i n  a lgae  growing in swift 
t h& slow-flowing water. 
p roduc t iv i ty  and management. 

A good bas ic  ecological study of freshwater a lgae  with emphasis on poorly 
Further research w i l l  be done t o  evaluate previous r e s u l t s  

Knowledge obtained may cont r ibu te  t o  improvement of stream 

t' 2.4G,;. 



. , I ,  . 

Memorandum 

FROM : Herman M. Roth, Director 
Rarearch and Dewlopent  Division, OR0 

8m~tcr: BENBWAL OF WNTBACT NO, ATo(40-1)- llyI 
w m - u n t a -  M .wr m. 1, A. 

We ate rubmitting f o r  your rcviaw and appropriate action the 
fa l lwing information concoming the contract which w i l l  u p i r r  
on 

1. bnawa1 Proporal (4) 

3 . Pinancfal Statament ( 4) 
4. 2QO-Word Surmrary (r) 

2. Progrmrr Report (43 

bJa rhall appreciate your adviring UI of your dacirion 80 that 
we may procaad with the nrcerrrry contract action at  the 
aarliart poiribla $ata. 

Bnclocrure : 
k Liated Abow 
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A RENEWAL PROPOSAL 
to 

UH'ITH) STATZS ATOMIC ENERGY COMMfSSION 

COKTRACT NO. A T - ( h - l )  -2100 

Covering the period from March 1, 1964 through February 28, 1965 

Requesting support i n  the amount of $17,913.00 

T i t l e  of the Prolectt Studies i n  the Eoology of Fresh-water 
Algae in North Carolina 

- _ _  
Depsrtcent of B o t e  and BaoterioloG 

UPROVED 

I ACnNr_ 
R. L. L o w o r n ,  Dire'iitor 
north Carolina Agrioultusel Experiment Station 

NORTH CAROLINA STATE OF THE 
UNIVERSITY OF NORTH CAROLINA 
at Raleigh, North Carolina 
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SWMURY OF PROPOSED WORK 

The work planned is a continuation of laat year’s work with one 

added project involving specie8 eoology studiee. 

The two Investigators plan a few more experiments on the uptake 

of radio-active phosphorus. They will a l s o  inveetigate the possi- 

bility of u s i w  radio-active sulfur to make radio-autographs of 

, G l o n i e s  of oruetose algaeL?Theae would be useful in etudies of 

\the ecology of rapids epeoiea.@Most of the time the Investigatorr 

will rtudy the speoiee ecology of _. seleoted __ _.-- etre~--)@oies .- .--- wing an - ----. --__ __ 
artificial stream apparatus whioh has_bsen bavia_ed,-_W_l_th thir - __c-- 

apparatue the effeots of light, and temperature on a speoies oaa 
- .-.-e----- ”- - - 
be oompared In rtill water or at different ourrent rpeedr.@urther 

work on primary production in etreaam will be continued. 

- - - - - .  - -  

- ---- __r -- .- . . r -  ,__- 4.. - - -  - _.-_c-- - - _  

Mr. Gary E. Dillard, Graduate Asaietant, will oontinue hie 

[‘I etudler of the- mrphology and life hietory of oruetose speoies ---- of _- _ _  a -- __ -- 

Chlorophyosae but will also devote oonelderable time t 60 the study of 
c o m i t y  relationships in rapid8 and production by dominant species. 

___c_ 
_- -- 

Counts of diatoms aolleoted on glass slides in several streams hes 

been be-. The data will be subjected to etatietical analysir. 

Near the end of the project period Mr, Dillard plana considerable 

field work In order to oolleot in several mountain rtreams so that 

data from etreame in thin area can be inoluded in h i s  study. 

Mrs. Yoon C. Kim Will oontinue her study of the speoier of 

5- desmid8 in North Caroline and their dletribution in relation to 

geographio area and major habitat factors. Collection8 with bsbitat 

data are  at hand from all regions of the s t a t e  but Borne further 
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travel to make collection8 will be done. 

Sinoe genera and epeoiea new to the state are atill being 

oollected a emall amount of time Will be devoted to their study, 

One apparently undesoribed epeoier of Chlorophyoeae ie known and 

more about the dletribution and eoology of several other rare epeciea 

ehould be learned. 

A paper will be prepared for publication inaludiag data on 

the rates of respiration and pboephorw uptake by speciea In four 

olaeeee of algae. 

an artificial stream apparatue whloh has been devieed. 

A eecond short paper vi11 be prepared describiag 

If travel money ie available the Principal Inveetigator plana 

to attend t h e  Tenth International Botanioal Congrera In  Edinburgh, 

Sootlaad in Auguat, 1964. 

read and he will oonfer with pbyoologirts working in alsal eoologJr 

and vieit the station of the Britirb Freeh-water Biologioal Station 

where eoological etudies of fresh-water a l e e  are being made, 

A paper by the two investigatorr will be 

OVERALL PROJECT 

Studiea in the Eoology of Preeh-water Algae in North Carolina 

OBJECTIVES t 

1. To obtain further data on the rpeoier and oolPmunltiee of 

algae in the rapid8 of atre- together with habitat factors in- 

fluenoing their growth. 

2. To continue a florlatlc and ecological atudy of the 

Meeotaeniaceae and Deemidiaceee l a  North Carolfna, 

3 .  To oontinue work toward a oompilation of an algal flora 

of North Carolina. 
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JUSTXFICATIOII 

Work during t h e  paat year ha8 demonstrated t h a t  l o t i c  speoies 

of green algae (Chlorophyceae) reepond t o  8 current with inoreased 

resp i ra t ion  and mineral uptake In proportion t o  speed of ourrent, 

and t h e i r  response l e  g r e a t e r  than in 0888 of l e n i t i c  epeoiea. 

data oould be of praot ioal  importanoe in the management of etreame 

f o r  f i s h  produotion and In t h e  oonoentration and removal of rsdio- 

ac t ive  waetes from stream. This  work should be extended t o  inelude 

a l l  important groups of algae if poseible, 

morphology, dietr ibut ion and eoology of several l i t t l e  known but 

important genera of oruetoae a l e e  would eeem important. Data on 

these apeoies as well ae on other  importent etream speoiee would 

fill a eerioue gap i n  our knowledge of stream eoology and liminology, 

Data on production i n  s t r e a m ,  par t icu lar ly  a comparison o f  pro- 

duction i n  rapidaaeoornpared wi th  t h a t  in quiet 8rea8, would be well 

worthwhile. L i t t l e  suoh data is at present available, 

These 

A para l l e l  study o f  the 

The Deamidiaceae and t h e  related Meeotaenisoeae axe two of our 

moot important families o f  freah-water algae. 

d i s t r ibu t ion ,  abundance and eoology of them groupe, whioh a re  

abundant i n  both l e n i t i c  and c e r t a i n  l o t i o  habitats, would eeem 

well worthwhile. 

Knowledge of t h e  

Work during epare time toward oornpiling a oomplete fresh-water 

algal f lo ra  of the etiste ala0  seems just i f ied.  

PROCEDURES 

A few more experiment8 on the uptake of radioaotive phosphorus 

In a current as oompared w i t h  t h a t  in st i l l  water w i l l  be done. &re 
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data is needed on the effeot of time on uptake and also on the 

effeot of phoaphorus level on rate of uptake. 

done in the laboratory using methods previously used. The poseibilfty 

of making radioautographs of mioroscopic colonies by using radioaotive 

eulfur will be tried. 

This work will be 

Data on rates of growth and production by dominant species in 

rapids will be collected both by counte of cells and ooloniee and 

by dry-weight samplee colleoted on glass or plaetic platee. 

Further data on the effect of a current and of light on the 

growth of important species will be oolleoted. Studies of the 

morphology of eeveral interesting speoierr of Chlorophyoeae will be 

continued using slides placed in streams, 

Studiea of the effeota of light, temperature and a ourrent 

will be studied in the laboratory uoing an artifioial stream 

apparatue whioh has been devieed. 

effect of light and of temperature can be studied. 

With this apparetue the aeperate 

The etudy of the distribution of the Mesotaeniaoeae and 

Deemidiaoeae in North Carolina will be continued, and habitat 

faotore suoh as water temperature, depth, pH, and influence of 

associated species will be noted. P large number of herbarium 

speoimens from the state will be studied also. 

Particularly during the winter months, a search will be made 

for rare and little known epeoies believed to occur in the state. 

SUBPROJECTS 

I. A Study of the Ecology of Speoiee Inhabitin@ the Rapids of Streems 
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OBJECTIVES 

ar To determine whether light, temperature, or current speed 

is most important in determining the presence and abundanoe of 

important apeoies in rapids. 

b. 

a. 

To oollect data on produotion by dominant rapid6 speciee. 

To collect further data on the effect of current speed on 

distribution of rapid8 species. 

d. To continue morphological and life history of certain 

rapid6 speoies 

e a  To oollect further data on mineral uptake by lotio speoies 

of algae. 

JUSTIFICATION t 

If, as preliminary data indicates, a current has a marked 

influence in mineral uptake, and lotic speciee show a gfeater 

response to a current; reliable and adequate data on all groups 

possible which inhabit rapids would 8eem desirable. 

of streams for fiah production it might prove praoticable to con- 

struct a series of rapids in order to increaae basic organio 

produotion. 

from stream might be achieved by the oonetructlon of weire or 

rapids where lotio species of algae would absorb radioactive 

minerals. Weirs or rapids could be eo constructed that the radio- 

aative algae oould be harvested for disposal of wastes. 

In management 

The removal of undesirable amounts of radioactivity 

Relatively much less data is at hand on lotic habitats than i o  

available on the plankton community and other lenitic habitats. It 

would seem that any eoological data would be of general seientifia 
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value ar v e l l  sa for t h e  two praot ical  reason8 oi ted i n  the paragraph 

above. 

bution of rpeoiee would be of value In a comparieon of different  

typee of streams as v e l l  as of praot ioal  value in the  conetruction 

of a r t i f i o i s l  raplde o r  weir%. 

organio production In variour parta of streams would be of elmilar 

value 

A determination of the re la t ion  of current epeed t o  d l e t r i -  

d knowledge of any variat ion in 

Several important rapids apeoier a re  poorly known. Data on the 

morphology, l i f e  hiatory and growth rates of these rpeoiem would 

8eem valuable for any of the reaeone given above, 

M&THODS 

a. During the past year an a r t i f i o i a l  atream apparatw wae 

deviaed by meana o? which streem water at oontrolled temperature, 

expoeed t o  f u l l  daylight oan be circulated i n  a "etream" two meters 

In length. 

oollected on pebblee and glaea mioro-slides t o  var ia t ions in l i g h t  

temperature and current apeed. By u l a g  two se ta  of apparatus two 

factore  oan be held constant and the t h i r d  varied 80 t h a t  i t  oan be 

determined i f  t h i s  f ac to r  i e  the l imit ing one. Preliminary t ea t s  

have lndioated t h a t  any one of the three can be llmlting fo r  o e r t s l n  

rpeoiee. The aoat favorable li&t in tenr i ty ,  temperature and 

ourrent speed vlll be determined f o r  important l o t i o  epeclea and for 

several  intereat ing rare epeoiea. 

It i e  propoeed t o  expose coloniee of raplde algae 

b. Count8 of individual oel le  and oolonlee of algae crolleoted 

on glass mioro-slides in di f fe ren t  habitate w i l l  be made and the 

r e su l t s  rubjected t o  a t a t i e t i o a l  anelyois. Dry weight aamplee of 
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the total algal population from the same habitat8 will be used to 

determine total production and f o r  oomparieon with data from speaiee 

O O ~ n t 8  

0 .  Further data will be collected on the effect of current on 

the distribution of speoies. Special ettention Will be paid to 

rpeoies ooourring In late winter and early spring einoe almost no 

data I s  at hand for these forme. 

d. Further data vi11 be aolleoted on aeveral puasling oruetoee 

epeoiee of Chlorophycese. 

speolea, 

aa Important genua in oertain e t r e m ,  hae been noted. 

Batraobosmrmum and other epeclee will be etudied in the artlfioial 

~ t r e a m  apparatus. 

One of t h e m  icr apparently an undelrcribed 

Marked eeaeonal o h w e e  In the morphology o f  Batraohospermum, 

Speoieo of 

e,  More data will be collected on the effect of time and of 

phosphorus oonoentration on the uptske of that element by lotio 

species of algae. 

11. To Oontinue 8 Floristic and Ecologioal Study of the 

Merrotseniaoeae and Deemidisceae in North Carolina, 

OBJECTIVES : 

To record a l l  speoies in these two important femiliee 

ocourring i n  the state and their dletrlbution in relation to 

geographioh area and important habitat factors, 

JUSTfFICATI010 : 

Desmids are an Important element of the flora of the littoral 

sone and the plankton; and OCOUT to aome extent even in smaller 

etreama. A n  eetimated 450-500 speciee and varieties occur in the 
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rtate. Eoologlcal data on mort algal oommunitier, would be In- 

oomplete without the inoluaion of deemid apeoiee. Several hundred 

oollectiona, with eome eaologioal data, are already at hand, and 

the common epeciea have already been identified. Half aa many more 

oollectiona at different seaeons and from some of the less aocersible 

areas of the state would permit a complete flora to be oompiled and 

conolusions drawn 88 to the relation of distribution to 88-011 and 

important habitat factore. 

BXPERIMENTAL METHODS : 

Detailed microaoopio study of the collectiona already at  band 

will be made and the desmid flora oompiled. Further oolleotions 

will be made and specie8 studied as far ae poeaible in the fresh 

condition. These oollectiona vi11 enable oonolueions to be drawn 

aa to distribution of speclea In relation to 8e880n and geographio 

area. Habitat data will be recorded to enable conolusions to be 

drawn ae to distribution in relation to water quality, pa, tempera- 

ture, light and the algal community ocoupied by esoh apeoles. 

Particular attention will be paid to the distribution of some 

apparently rare species known to occur in the atate and t o  the 

meeting and oommingling of northern and eouthern floras of desmids. 

111. To Continue Work Toward Completion of an Algal Flora of llorth 

Carolina. 

OBJECTIVES 3 

To oompile B complete flora of the fresh-water algae of 

North Carolina. 
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JUSTIFICATION t 

Before good ecological work o m  be done in am area  of any else 

a knowledge of the apeciee ooourrlng In that area ie neceesary. 

Completion of a fresh-water algal flora of the atate would enable 

future eoologlcal work to be undertaken In any algal habitat. 

oomplete reoord of the flora would also enable workera in the 

future to reoord possible uhangee In relation to uhangea In phym5oe.l 

habitat, weather, olimate, radloeotivlty, eta. Although more than 

1,400 speolee and varieties of freeh-water algae have already been 

reported from the atate, it l e  estimated the flora l e  only 60$ 

oomplete; therefore, oonelderably more work will be needed to 

oomplete a flora, 

A 

Little time will be taken from other projeote to work on the 

flora, but new, rare, and unreaorded speoiee will be identified 

when found. Ekcept for the ~eeotaeniaoeae and Dermidlaoeae the 

speoiee of Chlorophyaeae have been well worked, therefore attention 

will be paid chiefly to other groups. 

IV. Foreign Travel Requeet. 

Permlaalon I s  requeeted f o r  the Prinolpal Inveatlgator to 

attend the Tenth International Botanloal Coagreo8 In Edinburgh, 

Sootland, Auguat, 1964, and travel support in the amount of $750 i a  

also requeeted. If granted, (L paper entitled "Studier in the 

Eoology of Some Speolea of Freah-water Algse" will be read, and the 

Inveetigstor will attend Congress seaalone on Experimental Baology, 

Phyoologg, and meetings of the International Phyoologiosl Sooiety. 
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He will confer with investigator8 of aquatio habitats snd parti- 

cipate in the poat-congreea Freeh-water Biology Excursion in the 

Englieh Lake diatrlot and visit the Windermere laboratory of the 

Britieh Freeh-water Blologioal Aseooiation. 

It is believed that attendanoe at the Congreaa will be o? great 

value to the Investigator sad that facts and ideaa obtained vi11 

benefit all peraonnel on the projeot. Thla was t- of attendance 

st the reoent International Congreee of Limnology. 

1. C. State w i l l  help support the trip to the extent of $150- 

200, and ha6 given permheion for the t r i p  to be made. 

BACKGROUND ASD STATUS OF PERSONloEL 

Soientif ic PersonneJr 

Senior fnveetigstor 0- Larry A, Whitford, Profemor o f  Botany, 
(See original H. C. State College. 

proposal for biography sad bibliographx.) 
lOO$ of time June, July, Auguat, 50$ 
remainder of year, 

Aeaooiate fnveetlgstor 0- George J. Schumaoher, Profeeeor of 
BIoTogy, Earpur College, State Unirer- 
elty of New York. 
poeal for 1959-1960 for biography and 
bibliogrephy.) loo$ of time J d y ,  
August; 25% of time Sept. and Oot.  

(3ee renewal pro- 

Graduat e A8 8 i 8 tent -- Caw E. Dlllazd, M. S, Southern 
Illinoie University. Cmdidste for 
Ph,D. degree, 19. C. State College. 
1/2 t h e  9 moa. 314 time June, July 
and A u g u s t .  

Graduate Assistant -0 Yoon C. Kim, B. S. and two  year8 

112 time 12 montha. 

graduate work, Seoul Rational Unioer- 
eity. Candidate for R . D .  degree, B. 
C. State College. 



- 11 - 
- Other Peraonnelr 

Undergraduate studente will be employed as labor for glaas- 
washing and laboratory routine and a8 occasional field aeeistante 
for one day only, without p8r diem, 

- Other Financial Aaeiatanoer 

lone , 

In addition to adequate equipment and growth ohambere lieted 
under previous propoaale, 400 sq. it. of laboratory apaoe ie ueed 
exclusively f o r  phyoology reaearch the gear round, Any amount of 
additional spaoe ia available during June, July sad August, 

- 

Trave&; 

About 6 6  of the travel money would be uaed a8 in past years; 

that  is, for regular travel to the three study areas by the graduate 

etudent working on the eoology of repida, for collecting dermida in 

all eectiona of the etate by the other graduate etudent, and travel 

by the two inveatigatora at irregular intervale to areas where 

stream eoology studies are being oarried out. 

Support for  foreign travel in the amount of $750 is requested 

to enable the Principal Inveetigator to attend the Tenth International 

Botanical Congress in Edinburgh, Scotland in August, 1964. Justi- 

ficetion for this travel ie given above, 



PROPOSED BUDGET 

TITLE: Studies in the Ecology of Fresh-water Algae in Horth Carolina 

PROJECT LEADER, Dr. Larry A. Whitford DEPARTKE%Ts Botany dp Baoterlology 

ESTIMATED EXPENSES FOR: March 1, 1964 THROUGH Feb, 28, 1965 - 
RMEWAL PROPOSAL 

Requeated li. C.  State 
from A X  Collene Total 

1. $ALARIES 
Prinoipal Investigator 
(5096 9 moa., lo@ June, 
July, hu#ust) $2,500..00 $4,250.00 $6* 750.00 

2. 

3 .  

4, 

5. 

6. 

7. 

0 .  
-_. 

i-4 9 .  
ya 
Iy 

P 
7- 

-. 
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Graduate be 8 is %ant 
time for 9 moa., 

July, AUg~8t) 
Graduate Ailsistant 
(5096 time for 12 mos. ) 

2,000.00 

3 9 000 00 3,000 0 00 

Student Help 

Matching Retirement and Social 
(Undergraduate Aseistaats) 50.00 so.00 

6.8s of $4,500.00 306.00 289 00 595 8 00 
Securi ty Contributione: 

EQUIPMElpT 
Water cooled tank with pumps 350.00 
Flow meter 100 00 

350.00 
100 0 00 

T U V E L  1,600 ,OO 1,600.00 

C OMMWICAT IONS 50 .OO 50 . 00 
PRIRTIXG 
(Coat of publicstiona) 100 . 00 100 00 

SUPPLIES 

Electronic parts and tools 50 . 00 50.00 
Chemiaale, glaa8war8, lumber, eta ,  100.00 100 . 00 

TOTAL INDIRECT COSTS (39.5096 
ealaries and labor) 4.40?.00* 1.793 .oo- 6.200.00 

*Overhead.-baeed on 39.5096 of a l l  ealariea and wages 
**Overhead coet assumed by 1. C. State 
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REPORT ON THE BUDGET 

Item 

Mar. 1, 1963 to Nov. 30, 1963 

Contrsot No. A T - ( b 1 ) - 2 1 0 0  with D, S. Atomlo Energy Commieelon 

Contributed Seeded to contributed 
by AEC h b ,  28 by 

Expended to 11. c .  St8f9 Total 

Equipment, euppllee 
and oontraotual 1 8 130 19 

Trevel and per diem 546 67 

120.00 

LOO. 00 

1,250.19 

646 87 

OverheadH 

*fnoludee retirement and Social Seourity oontribution of $272 
**Overhead oharged AEC (1596 of dlreot coete) 

Carry-over f r o m  leet year $1 80 

Contributed by AEZ 1963-64 

Contributed by ICs 1963-64 

$16,494 00 

5,849 00 

Lees total estimated 
expenditure0 

Estimated oarry-over 
1963-64 S l L  32 

Financial Statement agproved: 
W. L. Turner 
Busineee Ma~e8er 
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Ofice Memmmdzm UNITED STATES GOVERNMENT 

TO : R. G. Btmphries, Director 
Coatract Divh l8n 

Roy : Hernun M. Both, Director 
Research m d  D.rcrbpnmt Division 

It 18 reqturtod that p u  t8ko tho necarury rtopr tQ prucorr t& 
f o 1 l o a  descr ibod contract ec t ion: 

1. Naturo ef & t h  8.auertrd: 

/r/ S e l e c t i n  of bl~w contractor andl or 
Negotiation of C+ntr.ct. 

/z/ Modifkatfon of -tract 
Number: ~ - ( 4 0 - 1 ) - 2 1 0 0  
Contractor: Rorth Carolina State Cmllege 

Raleigh, llorth Coroliru 

2. Nature of Services  to be -red by Contracts Bertarch 

Tltlet Wtudies in the Bcology of beah-Water Algae in 
North Carolina” 

3. TYve of Ooatrrct /g/ Lumps- / I /  Coat-me /3/ Other 

4. unt to be Obliluted by t his Contract ktim I 916,494.00 

5. Dercriatioa of ethu chmn e8 fo be Oorared by C m  tract Act-: 

Modify contract to provide for the performance of a d d i t f . 0 ~ 1  
research to be completed during the period March 1, 1963 
through February 29, 1964. The IBC will  support the project 
i n  the anmunt of $16,494 i n  new fmds. 

60 Authority: Form -481 (Contract Authorization) from C. Le Dunhem 
to S. 11. 

Eerman M. Both 



NORTH CAROLINA S U T B  (SLL8a CONI3ACT NO. AT-(40-1)-2100 
APPENDIX Wn 

For the  Contract Period March 1, 1963 through February 29, 1964. 

A- I 

A - I 1  

A - I 1 1  

A-IV 

A-V 

RESEARCH To BE PERFORMED BY CONllUCTOR 

The Contractor w i l l  cont inue t o  conduct reoearch on the  ecology of  
fresh-water a lgae In  North Carolina.  This  work w i l l  Include ruch 
approaches as (1) accumulation of f u r t h e r  data on the  r p e c i e s  and 
camPunities of a lgae i n  the  r a p i d s  o f  streams together  wi th  h a b i t a t  
f ac to r s  inf luencing t h e i r  growth, (2 )  c o n t b u a t i o n  of  a f l o r i s t i c  
and ecological  study o f  t h e  Mesotaenlaceae and Desmidiaceae i n  
North Carolina, and (3)  con t inua t ion  o f  work devoted t o  compilat ion 
of  data on the  t o t a l  a l g a l  f l o r a  o f  North Carolina. 
mental procedures contemplated i n  inves t iga t ion  of  t he  ecological 
r e l a t ionsh ips  of  the  a lgae  is comparison o f  the  rate of uptake of 
rad ioac t ive  phosphorus i n  a c u r r e n t  t o  t h a t  i n  s t i l l  water f o r  rpec ie s  
of fresh-water Rhodophyceae, Cyanophyceae and possibly Xanthophyceae. 

h n g  t he  experi- 

A P P F t O X I l U ~  LEVEL OF BESEARCH EFFORT 

( a )  Contractor Personnels 

D r .  L. A. Whitford 

Research Asroc late 
2 Research Ass io t aa t s  
Labor 

R i n c i p a l  Inves t iga to r  

Approx . 
'I, of  t ime 

Academic 50% 
S u a c r  100% 

252 
47% 

300 hours 

(b)  Premises, F a c i l i t i e s  and Mate r i a l s  t o  be Purnirhed 
by the  Contractor3 

Adequate f a c i l i t i e o  a r e  a v a i l a b l e  t o  conduct studies i n  the 
ecology o f  fresh-water algae i n  North Carolina. Theae include 
laboratory space, growth chambers, boat and motor, boat 
trailer, research microscope, o p t i c a l  equipment, and pH and 
flow meters. 

Ertlmated 
EQUIPHENT To BE WBCEASBD OR FABRICATED BY CONTRACTOR (lo8t 

1. pH Meter 
2. Flow Meter 

BQUI-T TI- TO WHICH IS TO =IN VXTtf @- 

None 

SUBSTANTIAL DEVIATIONS 

$160.00 
140.00 

Subs tan t ia l  deviat ions from t h e  foregoing shall be discussed with and 
subjec t  t o  the  written approval o f  t h e  CoPPmission. 

.,- 
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I n . r -  
-TOY.CIIN 0 ARC I NEW A# NND.. NOT m D~Q.D.. . 16,504 - Fnom ? R I O R T . R y . .  . . . s I 
3-1-63 thru 2-290% 

tcnuAT.D VOUINTARY 
COW-R CONTRlDUTlON . . . . I-- 

lWl'AL CROJlCT . . . . . 
I a - m R  

tcnuAT.D VOUINTARY 
COW-R CONTRlDUTlON . . . . 14' Auo-FER bmu-.u h 

lWl'AL CROJlCT . . . . . 06-31-91 (24) 
$> I 06-31-91 (24) 
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Ofice Memmandzlm UNITED STATES GOVERNMENT 

DATE: ~ W W  6, ma 
TO :&bo-- 

#+ldw rl84.m c1 n n 8 h . O  

: Herman W. Roth, Director 
Research and Development Division, OR0 

We a re  submitting fo r  your review and appropriate action the 
following Information concerning the contract which w i l l  expire 
on ~ f i l w a  

1. Renewal Proposal ( 0  
3. Financial Statement ( 
2. Progress Report 

We sha l l  appreciate your advising us of your decision so that 
we may proceed with the necessary contract  act ion a t  the 
ea r l i e s t  possible date. 

+L&Ad)l*c h.r, 
Herman W. Roth 

Enc lo  s ure : 
As Listed Above 
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REPORT ON THE BtTDCE 
November 3C, 1962 

Travel and per dlar! 633.62 150.00 783 e62 

*Cvarhead charged A= (15% of dlraat aortr). 

Contributed by A T  196263 $12,897. GO 
Contributed by NCS 1962-63 nr 3.000. ~d 

Total $15,897 e GO 

Lees tathated to ta l  ex- 
psndf tures $15,886.85 



A RENEMAL PROPOSA5 
to 

UNITED STATES ATOMIC EXEROY COMMISSIOE 

COl'lTRACT 190. AT-( 40-1) -2100 

Covering the period from March 1, 1963 through February 29, 1964 

Requeatlng support in the amount of $16,504 

T i t l e  of the Prodeott Studio8 in the Eoologg o f  Prarh-Water 
Algae in north Carolina 

\ 

GW* 
itford, Priiroipal fnvertigator 
of Botany and &aterlology 

APF%OVED 
I .  

R .  L.' Loworn, Dlreotor 
Borth Carolina dgricultural Experiment Station 

HORTH CAROLINA STATE COLLEGE OF AGRICULTURE AHD ~ G 1 1 o E E R I N O  OF TBE 
UHIVEBSITY OF NORTH CAROLINA 

Raleigh, 19orth C a r o l i n a  

A 

Dsta 
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SmQuRY OF PROPOSED WORK 

The work planned is 18rgt31y a oontinuatlon and expanaion of last year'r 

prodeots. Mr. Gary E. Dillard, Graduate Aaeietant, will oonthuo 8 rtudy of 

the morphology and life hietory of Oru8toee epeoiee of Chlorophyoeee whioh 

he began laet June. 

Important epeoiea o o o u r r l q i a  rapids and Important habitat factor8 aifeoting 

them. 

tion of epeoles and it8 effeat oa mineral uptake and respint loa .  

active phosphorus wfll be used in the measurement of mineral uptake and the 

response of species to ourrent. 

I o  stresms, partioularly in the rapids of small 8tresrPe. 

He will assist the two Investigators I n  a e t u u  of all 

Particular attention will be paid the effeot of ourrent on distribu- 

Badio- 

Work will be oontinued on primary produotion 

If the aseiatant6hip being vacated by & a  Vinoent J. Bellir ir 

oontinued it will be awarded to Mrs. Yoon C .  Kim who began a study of the 

distribution of the Meeotaeaiaceae and Deemidieceae laet year without 

inetitutional support. 

Completion of this study ie planned within two years, 

This work oan only be oontinued if supported by AEC. 

Sosewhat less money is requested for suppliee, equipment and travel 

than lart year, 

S h o e  we were unable to fill the College-supported asreletantehip 

available last year we used coneiderable undergraduate assirfanoe in 

laboratory experiments laet summer. 

asked for approximately $150 additional labor money for such help nert 

We found thle help so valuable we have 

Summer. 



I y , l .  ....* I J.. 

O W L  PROJECT 

Studies in the Eoology of Fresh-water Algae in North Carolina 

OBJECTIVBS: 

1. To obtain further data on the speaies and oomaunitiee of algae in 

tbe  rapids of etreama together with habitat faotore influenoing their 

movth. 

2. To oontlnye a florietfo and eoologioel etudy of the Merotaeniaoeae 

and Dermldlaoeae In North Carolina. 

3. To oonthue work toward a aompilation of an algal flora of North 

Carolinr. 

JUSTIFIC AT IOgr 

Work during the  past year has demonetrated that lotio epeoies of green 

algae (Chlorophgceae) respond to a current with iaoreaeed respiration and 

mineral uptake in  proportion to epeed of ourrent, and their reapowe is 

greater than in caee o f  lonitlo epeoiee. These data oould be of preotloal 

lmportanoe in the management of stream for f l e h  produotion and in the 

uoncentratlon and removal of radioactive waetes from stream. This work 
I 

should be extended to inolude 811 important groups of algae if poeeible. 

A parallel et* of the morphology, distribution and ecology of several 

l i t t l e  known but important genera of ourstoes algae would seem i m p o r t a n t .  

Data on theee epeoiee 88 well as on other important stream epecies vould 

fill a serious gap in our knowledge of rtream ecology and limnology. Data 

on produotion in etreams, psrtioularly a comparison of produotion in rapids 

&a oompsred with that In quiet areae, would be vel1 worthwhile. Little euob 

defs i a  st present available. 
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The Deeaidiaaeae and the related Meaotaeniacese are two of our sost 

Knowledge of the distribution, important families of fresh-water algae, 

abundanoe and eoology of theee groupe, which are abundant in both lenltio 

and certain lotic habitate, would eeem well vorthvhile. 

Work during epare time toward compiling e oomplete fresh-water algal 

flora o f  the state 8180 aeem Justified. 

EXPERIMEEjTAL PROCEDURES t 

Rate of uptake of radioaotive phosphorme in 8 ourrent as oompared with 

etill water will be determined for species of fresh-water Rhodophyoeae, 

Cyanophyceae and, if poesible Xanthophyoeae. 

labOr8tOry by methods previously w e d ,  but the w e  of radio-autographs will 

aleo be tried. 

determined in the laboratory by measuring C02 evolution in the bark, 

Work will be done in tho 

Beepiration retea under varioue oonditlons will be 

Crustose Chlorophyceae inhabiting rapids will be colleoted on glaae 

elides and etudiee made on the morphology and l i f e  history of little-known 

species. 

By m e a m  of a Pitot type current meter or a thermistor type meter, 

ourrent will be meaeured in varioue parte of rapids and an attempt made to 

determine the effeot of ourrent a p e d  on distribution of epeoiee of algae. 

Organio production in rapids Will be measured by colleatione on glaae 

elidee. Both loas of dry weight on ignition, and a measurement of 

Chlorophyll g will be tried and the methods compared. 

The etudy of the distribution of the Meeotaeniaoeee and Deamidisceae in 

North Carolina will be continued, and habitat factors such as water 

temperature, depth, pH, and influenoe of aeeooiated species will be noted. 
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A large number of herbarlu epeoimene from the stafe will be etudied alro. 

Particularly during the winter montha, a resrch vi11 be made for rare 

and little known speoiea believed to oocur in the etate, 

SUBPROJECTS 

I. 

OBJECT~VESI 

a. 

A study of the Ecology of Speolea Inhabiting the Rapida of Streams, 

To determine the effeot of a ourrent on lotio speaiee of 

Rhodophyceae, Cyanophyoeae and Xanthopbyoeae, 

b, To colleot morphological and eaologioel dat8 on orwtoee and other 

rapide epeoiea. 

C .  To determine if ourrent epeed Influenoes the distribution of 

epeoiee 

d. To eelect a method and oolleat data on algal produotion in rapids. 

JOSTIFICATIOR 8 

I f ,  ae preliminary data indioatee, 8 current has a marked influenoe in 

mineral uptake, and lotio apecles ehow a greater response to a ourrent; 

reliable and adequate date on all group8 pO88ibh whioh inhabit repidr would 
& 

oeem desirable. In management of etreams for fish production it might prove 

praotioable to oonetruot a eerie6 of rapids in order to lnoreeee baeio 

organio produotion, 

from etreama might be achieved by the oonstruction of weirs or rapide where 

The removal of undeeirable emounts of radioaotivity 

lotic epeoiee of algae would absorb radioactive minerale. Weire or repido 

could be eo oonstruoted that the radioactive algae oould be hernested for 

diepoaal of waetee. 



1 <I,,, . 

- 4 -  

Relatively muoh lees data le et hand on lotio habitats than io 

available on the plankton community and other lenitic habitats. 

seem that any eoological data would be of enera1 ecientific value as well 

ae for  the two practical reaeon8 cited in the  parapaph above. 

determination of the relation of current apeed to dietrlbution of rpeaierr 

would be of value in a comparieon of different type8 of stream aa well as 

of practical value In the conatruotion of artificial rapids o r  weirs. 

knowledge of m y  variation in organic produotion in various pert8 of 

stream would be of similar value. 

It would 

A 

A 

Several important rapid8 epeoies are poorly known. Data on the 

morphology, life bisfory and growth rates of theee epeoiee would aeem 

valuable for any of the reaeone given above. 

MPPHODS t 

a. Freehly oollected apecimene of l o t i c  e p o i e e  in all po88ible 

important groups will be suspended in radioaotive phoepbonre aolutione in 

large battery j a r s ,  some in etill water and aome in a ourrent produoed by 

a -0th stirrer. 

determined by oounte of radioaativity per gram of dry weight. 

w i l l  be made to uee radioautograph8 to indioate differenoee in mineral 

uptake by mioroeoopic, or nearly mloroeoopio cello or ooloniee, 

Uptake of P32 under various oonditione will be 

An attempt 

Preeh epeolmens will be suspended in the dark in cloeed f lask8 and 

relative rates of respiration determined in etill water, In a ourrent and 

under various other ooaditions. 

olqgen will be uaed ae a meaaure of reepiration rate. 

Carbon dioxide evolution or ooneumption of 
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Certain little known crustooe Chlorophyoeae euoh ae Protodoma, 

Gonmslra, and Peeudulvelle vi11 be colleoted on glaes elidea. 

will be made to find and mark young colonies for oontinued obeervatlon. 

Growth habit and reproductive etagee w i l l  be reoorded so that these genera 

uan be aoourately aeparated from juvenile stages of fllmentoua forma whioh 

have early orvetoee etagse. 

other important factors will be reoorded. 

show rate of mineral uptake will be attempted by erposiq dried epeofmens 

on slldee to X-ray or radioautograph film. 

that density of image i s  in proportion to uptake of radioactive phosphorus. 

It ie poaaible the method will dletinguleh miorosoopic o r  nearly miorosooplo 

forme and indicate their relative rate8 of mineral uptake. 

An attempt 

Dietribution in relation to current epeed and 

The u8e of radioautographs to 

Preliminary work ha8 indioeted 

A hand-made Pitot tube current meter will be used to meeeure speed of 

ourrent in various parts of rapids and even at different poaitione around 

Individual rooks. Reoords of the occurrence and abundance of repids species 

in relation to current speed w i l l  be made. 

ourrent meter ueing thermietors can be devised. 

to measure ourrent epeed within a amall area more accurately. 

variation In epeed in thin layere of water within an area of B few square 

aentimeterr would be dealrable. 

on the relation of ourrent speed to dietribution of epeoiea. 

It is hoped that a eatiedaotory 

If so it will be p o s s l b h  

Data on 

Thie meter would give very preoiee data 

Meaeurement of production per unit of 8rea in 8 rapids will be 

attempted by taking the dry weight lncreaee on standard areae of g l ~ s  

elides over a period of time and recording the 1068 of dry weight on 

ignition. Heaeurement of the mount of ohlorophJl1 per unit of area 
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will ala0 be ueed to measure rate of growth of algae, if possible, 

If. To Continue B Florietic and Eoologioal Study of the Meeotaeniaceae 

and Deemidiaoeae in North CarO1I-e 

OBJECTIVES : 

To record all speoiee In these two important familiee ooourring in the 

atate and their dietribution in relation to geogreaphio area and important 

habitat faotore. 

JUSTIFICATIOB: 

Desmids are an important element of the flora of the littoral sone and 

the planktoni and oacur to some extent even in s~~sller s t r e w .  

estimated 450-500 apeoies and varieties occur in the state. 

data on most algal oommunitiee would be incomplete rithout the inoluaion of 

desmid speciee. Several hundred oollectiona, with 8ome ecolo@cal data, 

are already at hand, and the comon species have already been Identified. 

Half as many more oollectiona at different sea eon^ and from some of the 

lees acoeeible area8 of the etate would permit a complete f l O r 8  to be 

oompiled and oonclueiona drew as to the relation of dietribution to 4 

eeason and important habitat factors. 

An 

Eoological 

EXPERIMENTAL 

Detailed mlcroeoopio etudy of the several hundred oollectiona already 

et hand will be made and the baeic desmid flora compiled. 

collectione will be made and epeciee studied 88 far 88 poeeible in the 

fresh oondition. Theee collections will enable aonolusione to be drawn 

a8 to distribution of epeciee in relation to 8ea8on and geographio area. 

Habitat data w i l l  be reoorded to enable conoluaions to be drawn as to 

Further 
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distribution in relation to water quslity, pH, temperature, light and the 

algal community occupied by eaah epeoiee, Par.bicular attention will be 

paid to the distribution of eome apparently rare speoiee known to OCOUT 

in the state and to the meeting and commingling of northern and eouthern 

florae of desmida. 

111. To Continue Work Toward Completion of an Algal Flora of North 

Carolina. 

OBJECTIVES; 

To compile a complete flora of the fresh-water algae of North Carolina. 

JUSTIFICATION: 

Before good eoological work can be done in an area of any a l a e  a 

knowledge of the speoiea ooourring in that area io neoeasary. 

of a fresh-water algal flora of the state would enable future eoological 

work to be undertaken in any algal habitat. 

flora would also enable workers in the future to record possible change6 in 

relation to changes in physical habitat, weather, climate, radioactivity, 

etc. Although more than 1,400 species and varietiee of fresh-water algae 

have already been reported from the state, it is estimated the flora is 

only 60$ oomplete; therefore, considerably more work w i l l  be needed to 

ooaplete 8 flora. 

Completion 

A complete record of the 

EXPERIMENTAL METHODS t 

Little time will be taken from other projeota to work on the flora, 

but new, rare, and unrecorded species wlll be Identified when found. Exoept 

for the Mesotaeniaceae and Desmidiaceae the apeciea of Chlorophyceae have 

been well worked, therefore attention will be paid chiefly to other groupa. 
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Chryeophyceae and Xanthophyceae are abundant i n  l a t e  winter when work on 

other projects  i s  at a minimum; therefore,  some co l l ec t ing  and searoh 

f o r  spec ie s  i n  these group8 will be done at that  8eason. Bacillariophyoeee 

(diatoms) have been l eae t  worked of any group. 

s l i d e 8  of the diatom f l o r a  will be made t o  enable future etudiea o f  t h i s  

WOUP ' 

A6 time allows, permanent 
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BACKGROUND AND STATUS OF PERSONNEL 

Scient if ic Pereonnela 

Senior Investigator -- Larry A. Whitford, Professor of Botany, 
B. C. State College. 
posal for biography and bibliography.) loo$ 
of time June, July, Auguet, SO$ remainder 
of year. 

(See original pro- 

Assooiete Investigator -0 George J .  Schumacher, Professor of Biology, 
Harpur College, State Univereitr of New York. 
(See renewal proposal for 1959-1960 for 
biography and bibliography.) lOO$ of time 
June, July, and Auguet. 

Graduate Aeeietant -- Gary E. Dillard, M. S. Southern Illinoir 
(Proposed continued University. Candidate for Ph.D. degree, 

AEC eupport) N. c. State college. 112 time 9 m 0 0 .  314 
time June, July and August. 

Graduate Assietant -- Yoon C. Kim, B .  S. and two years graduate 
(Propoeed AEC eupport) work, Seoul National University. Candidate 

1/2 for Ph.D. degree, N. C. State Colleqe. 
time 9 nos. 

- Other Pereonnelr 

Undergraduate students will be ernploged 81 labor for glass-washing and 
laboratory routine and as occaslon81 field assistants for one day only, 
without 1)8r diem. This will amount to about 300 hours for the period. 

- Other Financial desietsncer 

Hone . 
Materiale, EauiDment and Facilitiee: 

In eddltion to adequate equipment and growth chambera listed under 
previous propoeale, eq. ft. of laboratory epace is used exalusively 
for phyoology reeearch the year round. 
available during June, July and Auguet. 

Any amount of additional space icr 

Travel t 

Approximately $75 is requeeted for one investigator to attend the AIBS 
meetings at Amhurst, Maasachueetts in August. 
car and will be apportioned to the investigators and graduate student8 
approximately a8 follows: L. A. Whitford, $275; C. J. Schumacher, $300; 
G. E. Dillard, $175; Y. C. Kim, $150. 

Other travel will be by private 
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PROPOSED BUDGET 

April 1, 1963 - Iebrmarjr 29, 1964 

Contraot No. AT-(40-1)-2100 with U. S. Atomic Energy Conmiasion 

T i t l e :  Studieo in the Ecology of Fresh-water Algae i n  North Carolina. 

ProJect Leader: D r .  Larry A. Whitford 
Bequeet ed 
From b E C  1. C .  S t a t e  Total 

1. Salar ies  
Prinoipsl  Inveatigator (Larry A. 

Investigator (George J Sohumsoher) 2,250* 2,250 

Whitford) (m 9 moa. loo$ June, 
July, A u g u s t )  s2,500* $4,000* $ 6 8  500 

(1W June, July, A u s u e t )  

June, July, August) 3,037 3,037 

Oraduate Aasirtantship (Gary E. 
Dlllard) (SO$ 9 mor. 7596 time 

Graduate Assistantehip (Yoon C. Kim) 
(5ok 9 -.) 2,400 2,400 

1 undergraduate (300 houre) $375- 

U6.896 of $4,750 and $4,000 

Labor 37 5"* 37 5 

Retirement and Sooial Seourity 323 272 59 5 

2. EQulpment 
pH meter $160 
Flow meter $140 

3 .  Travel 900 900 

50 50 4. Couununicstioae 

5. Printing 
(Cost o f  publloatlona) 

6. Supplier 

1% 150 

200 200 

7. Total Direct Costs $12,485 $4,272 rc 16,7 57 

s a l a r i e s  and labor) 4,019 8 577 5,596 

9.  TOTAL BUDGET $16,504 $5,849 $22,353 

0. Total Indirect Coats ( 3 6 . 9 6  of 



F a m  OR-569 (2/!53) 

1. Chrirmrn 

UEQUEST FOR CONTRACT ACTION (submit in duplicate) 

TO: Po G o  Hwhrias  Contract Board From: -- 
It is requuted thrt the Conuact B w d  .take the necessary action to proccu the following ducribcd wn- 
tract action in rccadrnce with the provisions of Bul le t in  OR-M-19: 

2. Moue of Actioa Requested 

40 Win# Amartnt to be obligared by this Conma Actioa s 12,897 . .  - . .  

I Source of Fundr 

Project &-a, 
Funds to be obligated: 

Rocurement Dir 
luuing office 

Conaurence in Funding Sutem~nC (signed) 
Chief, Budget Branch 

6. Roject or Activity to be Covued by Conarct Action: 

Location of Wak 
Ealnuted Cost of Wmk to be Carered by this Conurct Acdm 8 
schcdulc: Date W a k  OD Sun 
Deraiptlon of Project a Activity: 

Gasmctloo Directive Na 
I 

Euinuted Cornpledom Date 

(If mae space k required use separate h t a  a d  am& h a d  

! 
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12. Dirputcr 
Atuch 8 statement rumm8ciztag the dirputc togcdw with pattnent doarmuro and Bactgapnd 
htuirl. 

I 

. 

8. Complete Dacclption of Suvicu to be Furnished by Contractor: 

Beadquarterr designated research contract 

TITIS: "8tudie8 in the Ecology of ?rcrh-Uater Algae i n  Worth Carolinan 

Modify contract to provide for the perforrP.ncc of additf-1 turrrrch to 
be completed not l a t u  th.a ?ebruary 28, 1963, with m a  Ilc: fun& in the 
mat of $12,897. 

(If mac space b required use separate thcc~, .ad amcb h m )  

10. Negotiated Contracts. (Show why it a p p n  desirable to negotiate new contract a to Ng0t l .W 
modification to existing contr~ct) 

? o m  UC-481 (Contract Authorization) f r a  C. L. hmhrr to S. X. Sapirie 
dated l luch 30, 1962. 

. _' J 
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APPENDIX “A” 

TITLE VI 

This TITLE V I  describe8 the  research program and coat e8tLPsrtu a p e d  upon 
between the Comisaion and the Contractor. 

a. Scope and Plan of ApproaCho 

The Contractor w i l l  continue r s r e u c h  en the 8cology of frrmh-watu 
algae In the state of North Carolina u t i l i r i ag  rad io i ro topu  sa& 
a s  Phorphorar-32. 
(1) study of the e f f a c t s  of various enviro-t.1 factoea on the up- 
take of P-32 by algae, (2) contfnuation of rtudirr of the f lora  and 
ecology of the algae of the l i t t o r a l  sono of pond. and lakes, (3) 
determination of the thickncna of the gradient of diffusion ahal l  
around a livLng oraanism in a currant and fn still water, (4) mtudy 
of the morphology and acolom of -*e mpecier of algae i n  rapid. ,  
and (5)  i n i t i a t ion  of a f l o r i s t i c  and r co log iu l  -stud7 of North 
Carolina Desmids. 

Thir resmrch rill include such approaches u 

a. Outline of Coat Estimntea: 

(1) S a l a r i u  and Vag-: 
D r .  L. A. Vlit ford (50% of time 

$10,400 .oo 
6 moa., f u l l  the 3 m.0) @4,500.00 

Research A~ssociata 2,250.00 
Rerearch Aasistantn 3,525 a 0 0  
Labor us . 00 

(2)  B e t i b e n t  and Social Sccuritr :  240 . 00 

(3) EqulpUrtr 1,100.00 

(6) Travel: - 1,p00.00 

(7) Overhead (39.4% of S a l a r i u  and Vag-: 4,103.00 

TOTAL $17,318 . 00 

b. I t a m  of property to  be procured or manufactured b7 tha Contractor, 
or t o  be furnishad by the Govematent, t i t l e  to which will  rent or  
rmaia in the Government (see Ut ic le  VI: None 



CONTRACT AUTHORIZATION 

S. It. S a p i r l e ,  Mmaga 
Oak Ridge Operatiom Office 

FROM C. L. Dunhm, M.D.,  D h e  
Division of Biology & 

Dr. Larry A* Whitford NORTH CAMlLuQA STATE COLLEGE 

Botrny d Bacteriology 

6-1-62 thru 2-28-63 

nru TO vtrr IN 0 AIC DS. NOT TO SXCIID . . . 8 12,897 

M Y A T L D  VOLUNTARY 
CONTRACTOR CONTRIBUTION . . . . 8 

TOTAL PROJECT. . . . . 8 06-21-91 (24) 

18. ENCLOSURES 



Q.1IQWl-m. to 
UIO-IM 

UNITED STATES GOVERNMENT 

Memorandum 

FROM : I i u ~ ~ n  M. Both, Director 
R u s u c h  and Developat Divirlon, 0.k Ridge Operrtiona 

9 Wa axe stabaltting for your review and appropriate action the 
following Infomation concerning the contract which will expire 
on-& am 

1. ~ 8 l P r O p o U l  (0 
2. Progresn Report w 
3. Financial Statement cr) 
4. 2QO-Word Staoletp 

We shall appreciate your ad681n8 UI of your dec11ioa w, that 
w may proceed with tha necuury contract action a t  the 
eurliest poralbh date. 

+*R4 erman M. Roth 

Bnc lorure r 
Aa Lirted Above 
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A REI4ENA.L PROPOSAL 
t o  

UNITED STATV ATOMIC ENERGY “4ISSION 

CONTRACT N O ,  AT‘-( 40-1)-2100 

Covering t h e  period from June 1, 1962 through February 28, 1963 

Requesting support i n  t h e  amount of $l2,888.4.l 

T i t l e  of the Project8 Studies  i n  the  Ecology of Fresh-Water 
Algae i n  North Carolina 

\ 

- 6 w W  
Larry pV Uhitford, P r i fk ipa l  Inveotigator 
Department of  Botany and Bacteriology 

APPROVED : 

*\ 
R. L. Loworn, Dlrector  
North Carol3na Agricul tural  Experiment Stat ion 

x 
-c 
- ~- - 
_I  c Raleigh, North Carolina 

NORTH CAROLINA STATE COLLEGE OF ACRICULTURE AND E8GINEERING OF THE 
UNIVERSITY OF NORTH CAROLINA 
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SUMMARY OF PROPOSED W0F.K k!l! BUDGET 

Two sub-projects  of last  year  will be continued. Preliminary r e s u l t s  i n  t h e  study 

of  v a r i a t i o n s  i n  cur ren t  i n  var ious parts of r ap id  streams and i t s  e f f ec t  on commu- 

n i t i e s  of  a l g a e  are i n t e r e s t i n g .  

phosphorus (P32) as an ind ica to r  of  mineral  uptake.  

This work will be  continued using radio-active 

I f ,  a s  i s  expected, we ge t  a 

s t a t e s u p p o r t e d  graduate a s s i s t a n t ,  f a i r l y  ex tens ive  experiments w i l l  be i n i t i a t e d .  

However, n o t  a l l  of  t hese  can be completed within one year. 

t h e  effect of var ious  cur ren t  speeds on mineral  uptake,  The response of l imnet ic  

s p e c i e s  as compared t o  r e l a t e d  l o t i c  spec ies  t o  a cu r ren t  w i l l  be inves t iga ted .  

expect also t o  s tudy t h e  e f f e c t  of s eve ra l  o the r  h a b i t a t  f ac to r s  such as temperature,  

l i g h t ,  and pH on t h e  r a t e  of mineral  uptake i n  a c u r r e n t  and i n  s t i l l  water. 

We expect t o  study f irst  

We 

Study o f  t h e  ecology of a lgae  o f  t h e  l i t t o r a l  zone of t h ree  types of ponds 

under i n v e s t i g a t i o n  by Mr. V. J. B e l l i s ,  Graduate Ass i s t an t ,  will be continued t o  

o b t a i n  a complete y e a r ' s  da ta .  

l a t e  i n  t h e  p r o j e c t  year .  

He w i l l  begin organizing h i s  data f o r  an MS t h e s i s  

The p o s s i b i l i t y  of  determining t h e  th ickness  o f  a diff'usion s h e l l  i n  s t i l l  and 

moving water will be inves t iga ted  using cy l inders  of  g e l a t i n  o r  agar suspended i n  

rad io-ac t ive  phosphorus ( P  ) so lu t ions .  Radio-autographs of sec t ions  of t h e  

c y l i n d e r s  may i n d i c a t e  the  thickness  of t h e  d i f h s i o n  s h e l l  under various h a b i t a t  

cond i t ions .  

32 

If w e  are awarded another graduate  a s s i s t a n t s h i p ,  a graduate s tudent  will be- 

g i n  a s t u d y  of t h e  morphology and ecology of c r u s t o s e  a lgae  on rocks i n  rapids .  

This  s tudy  will give  badly needed da ta  on t h e  ecology and re la t ionships  of a 

number of  common but  l i t t le-known rap ids  spec ies .  

Another graduate  s tudent ,  who i s  en ter ing  t h e  department, w i l l  be put on a 

f l o r i s t i c  and ecologica l  study of t h e  desmids i n  North Carolina. Only a small 
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mount  o f  t r a v e l  support  i s  asked f o r  t h e  s tudy  of t h i s  abundant and important group. 

We a r e  ask ing  f o r  t w o  AEC-supported graduate  a s s i s t a n t s h i p s ,  but we expect t o  

have t h r e e  and poss ib ly  four graduate s tuden t s  a s s i s t i n g  the  two inves t iga to r s  i n  

eco log ica l . s tud ie s  of  North Carolina algae.  

A s a l a r y  of $5,500 ($2,500 t o  be suppl ied  by AEC) is proposed for t h e  p r inc ipa l  

i nves t iga to r  f o r  t h e  rim-moath pro jec t .  This  i s  full s a l a r y  f o r  t h e  t h r e e  s m e r  

months and h a l f  salary (suppl ied by North Carol ina S t a t e  College) f o r  s i x  months. 

A salary of  $2,250 f o r  an Associate I n v e s t i g a t o r  f o r  t h e  t h r e e  summer months; @.,917 

fo r  one graduate  a s s i s t a n t ,  (10 months, M. S. l e v e l ) ;  @,600 f o r  one g r a d u a h  

a s s i s t a n t  ( 8  months, Ph.D l e v e l ) ;  approximately $300 travel expense* for  t h r e e  

graduate  assistants; $l,OOO f o r  a research  microscope; $325 f o r  suppl ies ;  and a50 

for p r i n t i n g  and communications i s  proposed. 

$l,OOO i s  approximately $250 f o r  t r a v e l  by t h e  two inves t iga to r s  t o  a t t end  t h e  

I n t e r n a t i o n a l  Limnology Congress i n  Madison, Wisconsin during August, 1962. A t  

t h i s  meeting, a j o i n t  

i n  s tud ie s  of stream limnology. 

Included i n  the  t r a v e l  request  of 

paper will be presented on t h e  use  of radio-act ive phosphoms 
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OIJE%LL PTiOJECT 

Studies i n  t h e  ecology o f  fresh-vater a lgae  i n  North Carolina 

OBJECTIVZ:  

1. To obtain fu r the r  da t a  on t h e  species and communities of  a lgae  i n  t h e  

rapids o f  streams together wi th  t h e  hab i t a t  f a c t o r s  in f luenc ing  t h e i r  growth. 

2, To complete a f l o r i s t i c  and ecological study of t h e  a lgae  of t h e  l i t t o r a l  

zone of lakes and ponds. 

3. To i n i t i a t e  a f l o r i s t i c  and ecological s tudy  of t h e  Mesotaeniaceae and 

Desmidiaceae i n  North Carolina. 

JUSTIFICATION: 

I n  previous 

i n  stream rapids 

s tud ie s  we have obtained da ta  ind ica t ing  t h a t  t h e  growth of algae 

i s  remarkably fas t ,  due i n  par t  t o  t h e  effect of a current. Ye 

have also found t h a t  t h e r e  a r e  a number of c rus tose  spec ies  t h a t  are abundant in 

most rapids the  year round which a r e  l i t t l e  known. Data on t h e  morphology, ecology 

and even t h e  taxonomy of s eve ra l  species i s  almost e n t i r e l y  lacking. Data on t h e s e  

c lvs tose  species as w e l l  as d e t a i l e d  ecological da t a  on important filamentous species 

of rapids would f i l l  a ser ious  gap i n  our knowledge of stream ecology and l imnolo~. 

Completion of an e n t i r e  y e a r ' s  da ta  on t h e  f l o r i s t i c s  and ecology of t h e  algae 

of t h e  l i t t o r a l  zone of ponds would a l s o  f i l l  a d e f i n i t e  need. 

The Desmidiaceae and t h e  r e l a t e d  Mesotaniaceae are two of  our most important 

f ami l i e s  of fresh-water algae.  

habitat re la t ions  of t hese  groups, which a r e  abundant i n  both l imnet ic  and certain 

l o t i c  habitats, would seen t o  be well m r t h  while. 

Knowledge of t h e  d i s t r i b u t i o n ,  abundance, and 
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EXPERIMENTAL, PROCEDURE: 

By means of "plantedTT glass e l ides ,  t h e  growth of colonies of crustose algae 

i n  rapids  will be followed from spore germination t o  maturity,  i f  possible. 

s t u d i e s  of t h e  effect  o f  current and of other  h a b i t a t  fac tors  such as tmpera tu re ,  

l i g h t ,  and pH on the  mineral uptake and growth of rapids species w i l l  be made by 

means of radio-active phosphorus i n  t h e  laboratory.  

determine t h e  thickness of t he  Irdiffusion she l l "  around organisms by means of radio- 

autographs of wall gelat in  cylinders immersed i n  radio-active so lu t ions  under 

various conditione. 

Further 

An attempt w i l l  be made t o  

By means of a study of hundreds of herbarium col lect ions of deemids, plus 

s tudy of  fu r the r  col lect ions from selected areas of the  state, t h e  d i s t r ibu t ion  

of spec ies  i n  r e l a t ion  t o  t h e  major hab i t a t  f ac to r s  will be determined. 

SUBPRO J E T S  

I. A Study of t he  Effect o f  Various Ebvironmental Factors on the  Uptake of Radio- 

a c t i v e  Phosphorus ( P  ) .  32 

OB J E T I V E S  : 

There i s  theoret ical  evidence t h a t  t h e  e f f ec t  o f  a current i n  promoting t h e  

uptake of gases and minerals becomes marked a t  speeds above 15/cm. am. It is 

intended t o  prove o r  disprove t h i s  theory. It  i s  planned, also,  i f  a graduate 

a s s i s t a n t  i s  avai lable  t o  inves t iga te  t h e  response of  l imnetic specie8 t o  a 

cur ren t  aa compared with cloeely r e l a t ed  l o t i c  species,  and t o  measure the ef fec t  

of several other habi ta t  fac tors  such as temperature, l i g h t ,  and pH on mineral 

uptake. 

JUSTIFICATION : 

Recent work has demonstrated (Whitford, 1960 and Whitford and Schumacher, 1961) 

that a current  has a pronounced effect  on mineral uptake and resp i ra t ion  i n  a 

l o t i c  species  of green algae and t h a t  t he re  are a number of species of algae 



which will grow only i n  a current , ,  Limnologists do nc t ,  as y e t ,  recognize the  

importance of a cu r ren t ;  and, furthermore,  add i t iona l  p rec i se  and spec i f i c  h t a  

a r e  ceeded on a number o f  spec ies .  I t  is important t o  e s t a b l i s h  whether t h e  

response t o  a cur ren t  is r e l a t e d  more t o  spec ies  o r  t o  environmental factors. 

EXPEEIMEZjTAL PROCEDURE: 

One o r  more spec ies  o f  f i lamentous a lgae  w i l l  be exposed t o  radio-active 

phosphorus so lu t ions  i n  s t i l l  water and running water a t  var ious speeds i n  the  

l a b o r a t o r y ,  and t h e  uptake of P32 w i l l  be  measured. 

c l o s e l y  r e l a t e d  l o t i c  spec ies  w i l l  be compared with each o ther  i n  t h e  same 

A l imne t i c  spec ie s  and a 

apparatus .  If graduate  a s s i s t a n c e  is  a v a i l a b l e ,  t h e  e f f e c t  of l i g h t ,  temperature 

and pH of so lu t ions  all be compared. 

11. Coqpletion of a Study of  t h e  Flora and Ecology of t h e  Algae of  the 

L i t t o r a l  Zone of Ponds and Lakes. 

OBJ?XTIVES: 

To f i n i s h  a complete y e a r ' s  da ta  on t h e  seasonal v a r i a t i o n  i n  t h e  flora of 

t h r e e  s e l e c t e d  ponds and l akes  with some comparison of t h e  flora with o ther  Fonds 

and l a k e s  i n  t h e  region. Also, t o  ob ta in  a complete set of da t a  on l i g h t  

pene t r a t ion ,  water temperature, dissolved oxygen, pH and some data on mineral 

conten t  of t h e  experimental ponds and lakes. The ma te r i a l  w i l l  be organieed f o r  

an M. S. t h e s i s .  

JUSTIFICATION: 

R e l a t i v e l y  l i t t l e  work has been previously done on t h e  flora and especial ly  

- t h e  ecology of the  l i t t o r a l  zone, p a r t i c u l a r l y  i n  t h e  southeast .  The data obtained 

..s r -. w i l l  be  of much use  t o  phycologis ts  and l imnologis t s  everywhere, and it will be 
P-2 

3- 

c 
L.* t h e  first set of such da ta  i n  t h e  southeast .  

EXPLRIMINTAL PROCEDURE: 

Bi-weekly o r  monthly ( i n  case  of t h e  d i s t a n t  l ake )  da t a  will continue t o  be 

taken  i n  se l ec t ed  micro-habitats i n  t h r e e  experimental ponds and l akes ,  and similar 

d a t a  a t  t imes i n  o ther  bodies of water. 
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111. I n v e s t i g a t i o n  o f  a Method of Determining t h e  Thickness of t h e  D i f h s i o n  S h e l l  

by Means o f  Radio-autographs. 

OB J E T  IV Es : 

To determine t h e  th i ckness  of t h e  g r a d i e n t  of d i f fks ion  ( t h e  d i f f u s i o n  s h e l l )  

around a l i v i n g  organism i n  a c u r r e n t  and i n  s t i l l  water. 

JUSTIFICATION: 

The t h i c k n e s s  of t h e  d i f f u s i o n  s h e l l  has an  important e f f e c t  on t h e  exchange of 

materials between a n  organism and i t s  environment. 

t c  t h i s  t h i ckness .  Determination o f  t h e  th i ckness  of t h e  s h e l l  i n  a c u r r e n t  as 

compared with s t i l l  water will enable  p r e d i c t i o n s  of t h e  response of organisms t o  

c e r t a i n  environmental  condi t ions .  

EXPERIMENTAL PROCEDURE: 

The e f f e c t  of a c u r r e n t  is r e l a t e d  

Small  c y l i n d e r s  o f  a non-absorptive material (probably cork) will be covered 

wi th  g e l a t i n  o r  agar  and submerged i n  r ad io -ac t ive  s o l u t i o n s  f o r  var ious  times and 

under  a number of  condi t ions  such as i n  s t i l l  water and a cur ren t .  Radio-autographs 

of t h i n  s e c t i o n s  of  t h e  g e l a t i n  w i l l  b e  made i n  an  at tempt  t o  determine t h e  d i s t a n c e  

of and r e l a t i v e  amount of d i f f u s i o n  i n t o  t h e  g e l a t i n .  If results warrant ,  t h e  l o s s  

of r ad io -ac t ive  d i f f u s i b l e  material from impregnated cy l inde r s  under va r ious  

c o n d i t i o n s  w i l l  a lso be  measured. 

behave l i k e  n a t u r a l  p e c t i c  shea ths  around a l g a l  f i l aments  and somewhat l i k e  naked 

l i v i n g  c e l l a .  

I V .  

It i s  assumed t h a t  t h e  g e l a t i n  cy l inde r s  w i l l  

I n i t i a t i o n  of  a Study of  t h e  Morphology and Ecology of Crustose Spec ies  of 

Algae i n  Rapids. 

OBJECTIVES: 

To determine w-hether c e r t a i n  important  c r u s t o s e  organisms a t tached  t o  rocks 

i n  r a p i d s  are d i s t i n c t  spec ie s  o r  merely growth-forms of other  spec ie s ,  and t o  s tudy  

t h e i r  development and ecology. 

JUSTIFICATION: 

During t h e  coo le r  seasons e s p e c i a l l y ,  rock  i n  r ap ids  i n  most po r t ions  of t h i s  

s ta te  are  covered with o r  have abundant co lon ie s  of  c rus tose  algae.  We have not  
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beet a b l e  t o  i d e n t i f y  some spec ie s ,  o t h e r s  appear t o  b e  growthforms of well-known 

f i l a c e n t o u s  a l g a e ,  and d e t a i l s  of mcrphology and l i f e  h i s t c r y  of  some are e n t i r e l y  

l ack ing .  

Zhryscphyceae, Rhodophyceae, and Cyanophyceae. I t  is of g r e a t  importance t h a t  we 

ab ta i r ,  knowledge on t h e  taxonomy, morphology, ar.d ecology of t h e s e  species .  

Such spec ie s  occur i n  each af t h e  follow',ng c l a s s e s :  Shlorophyceae, 

The problem o f  t h e s e  p l a n t s  i s  a n  extremely f a s c i n a t i n g  and important one; 

and it is bel ieved  t h a t  t h e  proposed graduate  a s s i s t a n t ,  f o r  whom support  i s  asked, 

would do e x c e l l e n t  work on it .  We b e l i e v e ,  fbrthermore,  t h a t  both from t h e  stand- 

p o i n t  of t h e  development of new methods and v a l u e  of  resul ts ,  t h i s  i s  t h e  most 

worth-while p r o j e c t  we are proposing. 

EXPERIMENTAL PROCEDURE: 

I t  is proposed t h a t  t h e  i n v e s t i g a t o r s  d i r e c t  a graduate  s tudent  i n  a several-  

year s tudy  of t h e s e  spec ies .  Glass micro-sl ides  will be introduced i n t o  many 

h a b i t a t s  where such spec ies  grow. P l a n t s  becoming e s t a b l i s h e d  on t h e s e  s l i d e s  

will b e  c a r e f u l l y  s tud ied  i n  t h e  f i e l d  and i n  t h e  l a b o r a t o r y  and compared with 

n a t u r a l l y  e s t ab l i shed  p l a n t s  on rocks.  It i s  hoped t h a t  co lonies  can be s tud ied ,  

?ark&, and t h e  s l i d e s  re turned  t o  t h e  h a b i t a t  f o r  f u r t h e r  development. P l an t s  

c d l e c t e d  on s l i d e s  w i l l  be kept under va r ious  cond i t ions  i n  t h e  labora tory ,  and 

t r a n s p l a n t s  from one h a b i t a t  t o  another  will be  made i n  t h e  f i e l d .  The complete 

l i f e  r . is torg and seasonal  r e l a t i o n s  of spec ie s  which can be successfu l ly  observed 

will be studied. 

It i s  hoped t h a t ,  l a te r ,  radio-autographs a long  with conventional photographe 

of co lon ie s  can be used f o r  s tudy  and comparison of response t o  environmental 

condi t ions .  

V. 

OBJECTIVES: 

I n i t i a t i o n  of a F l o r i s t i c  and Ecological  Study of North Carol ina Desmids. 

To o b t a i n  a knowledge of  t h e  d i s t r i b u t i o n ,  h a b i t a t ,  and seasonal  r e l a t i o n s  

of a l l  spec ie s  of Mesotaeniaceae and Desmidiaceae growing i n  North Carolina,  and 

t o  determine if t h e r e  i s  a r e l a t i o n s h i p  between t h e  presence of a species  and 
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important  h a b i t a t  f ac to r s .  

JUSTIFICATIOK: 

The Mesotaeniaceae and Desmidiaceae are two of  t h e  most important f ami l i e s  of 

f resh-water  a lgae ,  and they  a r e  well represented  i n  t h e  North Caro l ina  f l c r a .  A 

knowledge of t h e  d i s t r i b u t i o n  o f  spec ie s  i n  t h e  s ta te  would be  a worth-while cont r i -  

b u t i o n  t o  our knowledge of southern f l o r a s .  

2,000 c o l l e c t i o n s  of fresh-water a l g a e  from t h e  state,  many of  w h k h  were 

We have a t  hand a herbarium of about 

c o l l e c t e d  by AM: Pro jec t  support ,  and many of which con ta in  spec ie s  of  desmids. 

would seem worth while f o r  AX t o  support  a s tudy  of t h i s  f l o r a  t o  t h e  f u r t h e r  

It 

extent of a small amount of  t r a v e l .  

EXPERIMENTAL PROCEDURE: 

I d e n t i f i c a t i o n  of all spec ie s  of desmids i n  t h e  herbarium w i l l  be undertaken 

t o g e t h e r  h5th an attempt t o  c o r r e l a t e  t h e  presence of spec ie s  with h a b i t a t  f a c t o r s  

and season. Some f u r t h e r  c o l l e c t i n g  i n  s e l e c t e d  areas a t  a l l  seasons will be done 

i n  o r d e r  t o  f i l l  gaps i n  our c o l l e c t i o n s  and t o  cover prev ious ly  unworked areas. 

It is estimated t h a t  400 t o  600 miles o f  t r a v e l  during each of  t h e  next two years 

will be  d e s i r a b l e  i n  order  t o  complete t h e  necessary co l l ec t ing .  Somewhat more 

data on h a b i t a t  f a c t o r s  w i l l  a l s o  be taken  than those  which are a t  present  

a v a i l a b l e .  

Whitford, L. A . ,  1960. The Current E f fec t  and Growth of Fresh-water Algae. 
Trans. h e r .  Micro. SOC. 79: 302-309 

Whitford,  L. A . ,  and G. J. Schumacher, 1961. Effec t  of Current on Mineral 
Uptake and Respi ra t ion  by a Fresh-water Alga. 
Ocean 6: 4.23-4.25 

Limnology and 

Whitford, L. A . ,  and G. J, Schumacher. 
Carol ina Streams. 

Ecological  S tudies  of Algae i n  North 
( i n  M. S. 90 pp.) 
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BACKGROUND AND STAT’JS OF PERSONNEL --- 
S c i e n t i f i c  Personnel 

Senior  Inves t iga to r  -- 
S c i e n t i f i c  Personnel 

Senior  Inves t iga to r  -- 

Associa te  Investigator--  

Graduate Assis tant  -- 

Graduate Ass is tan t  -. 
(Proposed support 
by Am 

Graduate Stu&nt -- 

k a d u a t  e Student - 
(Probable)  

- Other Personnel 

S tudents  will be employed 

Larry A. Whizford, Professor  of  Botany, N. C .  S t a t e  
Col lege.  
b ib l iography. )  

(See Gr ig ine l  p r o p s a l  f o r  biograpny and 

George J. Schumacher, Professor  o f  Biology, Harpur 
College,  S t a t e  Univers i ty  of  New York. (See 
renewal proposal f o r  1959-1960 f o r  biography and 
b ib l iography . ) 
Vincent J. B e l l i s ,  Jr., Graduate Student  and 
Candidate  f o r  t h e  degree of  Master o f  Science,  
N .  C. S t a t e  College. 

Gary E, D i l l a rd ,  M ,  S. Southern I l l i n o i s  Universi ty  
( June  1962). 
S t a t e  College.  

Candidate f o r  Ph.D. degree ,  N .  C.  

Yoon K,  Chang, candidate  f o r  t h e  Ph.D. degree,  
N .  C ,  S t a t e  College. 

Caro l  L. Crow, Candidate f o r  M. S. Degree, N .  C.  
S t a t e  College.  

as l a b o r  f o r  glass-washing and l a b o r a t o r y  rou t ine  
and as occasional  f i e l d  a s s i s t a n t s  fo r  one day only; without per diem. This 

Other  F inanc ia l  Assistance 

None. 

Materials, Eauipment F a c i l i t i e s  

will amount t o  about 100 hours f o r  t h e  period: 

and gr  I n  a d d i t i o n  t o  t h e  l a b o r a t o r y  f a c i l i t i e  wth chambers l i s t e d  under 
p rev ious  proposals ,  400 sq. ft. of l a b o r a t o r y  space will be used exc lus ive ly  f o r  
phycology research  af ter  June 1, 1962. 

Travel 

Approximately 950 i s  reques ted  f o r  t h e  t w o  i nves t iga to r s  t o  a t t e n d  t h e  
I n t e r n a t i o n a l  Limnology Congress a t  Madison, Wiszonsin i n  August, 1962. Other 
t ravel  will be by p r i v a t e  c a r  and w i l l  b e  apportioned t o  t h e  i n v e s t i g a t o r s  and 
g radua te  s tuden t s  approximately as follows: L. A. Whitford, $175; G. J. 
Schumacher, $190; V. J. Bel l is ,  $150; G. E. D i l l a rd ,  b50; Y. K. Chang, $loo; 
and C. L. Crow, $50. 
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PROPOSED BUDGET 

S t u d i e s  i n  t h e  Ecology of Fresh-Water Algae i n  North Caro l ina  

L W E R :  Dr. Larry A .  Whi:ford DEPARTMENT: 3otacy and Bacter io logy  

FOR Jurie 1, 1962 THROUGH February 28, i363 - RENEWAL PROPOSAL 

1. SALARIES \ 

Graduate  Ass i s t an t  
(3 t i m e  f o r  8 mos.) 

Graduate  Ass i s t an t  
(3 time f o r  10 mos.) 

S tuden t  Help 
(Undergraduate  Ass i s t an t s )  

Con t r ibu t ions  : 
6.8% of $2,500 
3.125% of $2,250 

2. SUPPLIES 
\ 

\ 

Requested N .  C .  S t a t e  
from AEC Col lege  

$ 2,500.00 $ 3,000.00 

2,250.00 

1,600.00 

1,917.00 

125.00 

170.00 
70.31 

325.00 
\ 

1,100.00 

1,000.00 

150.00 
? 

$ 111207.31 $ 3,000.00 
\ 

EQUI PMEXT 

3. TRAVEL 

4. COMMUNIOAI'IONS' AND PUBLICATIONS 

DIRECT COSTS 

OVERHEAD 1 . di l l .  1 o* 

TOTAL $ 12,*8Ayi 

'\ 

* Overhead charged t o  AEC 15% of d i r e c t  c o s t s .  



% e q w  ted 
from ABC 

1. SALARIm 

Graduate bristant 
(# tire for 9 moa.) 

Graduate Aarbt8ut 
(4 time fat 9 m5.) 

2,250.00 

1,800eOO . 
2,725.00 

student E84 
(mdelrgr.Qult. L a b t a n t a )  125.00 

Hatch- R e t i r e  d Social Security 
bntributi-: 

608% Of Q285OO 170.00 
301a% Of $2,2H) 70.31 

2. StlDpLlBs 325.00 

3. TBAVBL l,bOC).00 

Dotomy and k t r r l o w .  

1963 - imBuAL PPOQOSLLte 

No C. Stutr 
collane 

$2,000.00 

6 2,000.00 

+ O P e t W  charged to  U C ,  13% of dfrect coat. 
++Overbard cort u r u w d  by 1. C. Stat. College. 

+++Overharrd based OII 39.45% of al l  aalarim rod vlyu. 
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P a m  OR-589 (2/53) 

1. Chairman 

REQUEST FOR CONTRACT ACTION (submit in duplicate) 

Res. & Dev. Division TO: R. G. Humphries Contract b r d .  From: 

It 
uact action in accordance with the provisions of Bulletio OR-O&M-19: 

requested that the Contract Board uke the necessary action to process the fouowing described con- 

2. a w e  of Action Requested 

a Modifi tion of Contract 
N ~ , A T ~  f + O - 1 ) - 2 m o  
Contractor: North Carolina S t a t e  Colleg 

Selection of New Contractor rnd 
Negotiation of Contract. 

Review and approval of Conurct. sub- 
Raleigh, North Carolina 

El orhu (Explain) 
mmct  or putcbrc Qder. 
Npmbu: 
Name: 

Amount to be Obligated by this Contract Action S 8,883 00 

Source of Fund8 

Coaaurence In Funding Summa (signed 

6. Project or Acdvity to be Covered by Contract Action: 

&c8tion of W o r k  
bduuted Cost of Work to be Covued by thia Contract Action S 
scbcdulc: Date W a k  to S u r t  
Description of Project or Activity: 

Contuuction Directive No. 

htimrted Completion Date 

(If mort space is required use separate sheerr and attach haem) 



(To be urigncd by 
Boud Secreury) 

8. Complete Description of Suvicu to be Furnished by CootT8CtM: 

Headquarters designated research contract 

TITLE: "Studies i n  the Ecology of Fresh-Water Algae in North Carolina" 

9. Dttcriptioa of other &anger to be covered by Modification: 

Modify contract t o  provide for the  performance of additional research t o  
be completed not l a t e r  than May 31, 1962, with new ABC funds i n  t h e  amount 
of $8,883. 

(If more apaa b required use separate rhtetr and attach haem) 

io. Negotiated Contraca. (Show why it a p p u n  datable to atgodate nm contract or to negotiroe 
modification to existing contract) 

Form AEC-481 (Contract Authorization) from H. D. Bruner t o  S. R. Sapirie 
dated March 23, 1961. 

None 

None 



I”, I. .... I, ,. , i .. 

APPEXDIX “A“ 

TITLE V 

This TITLE V describes the research program and cost estimates agreed upon 
between t h e  Commission and the Contractor. 

a. Scow and Plan of Approach: 

The Contractor will continue the  studies of fresh-water algae 
u t i l i a i n g  radioisotopes. These studies will include investiga- 
t ions in such areas as (1)  f lo r i s t i c8  and ocology of the -80 of 
the  l l t t o r a l  sone of lakes and ponds, (2) study of the sped in 
various portions of stream8 as caPpared wlth movement of t o t a l  
water mass, (3) atudy of the diarnal variations i n  dissolved 
oqgtm and carbon dioxide In selected strwua, and (4) organira- 
tion of data and preparation of a paper on t h e  ecology of algae 
in North Carolina streams. 

810,200.00 

I 

a. Optline of Cost btimates: 

(1 )  Salaries and WaResr 
Dr. L. A. Uhitford (50% of time 

9 ms., full time 3 mos.) $5,625 00 

Researcfi Assistant 2,200.00 
Research Associate 2,250.00 

Labor 125 00 

(2) Ecmipment: 300.00 

(3) SUDDueS: 300.00 

(4) Print- and Publications: 100.00 

( 5 )  Travel: 700.00 

( 6 )  Indirect  Costs (37.15% of Salaries and Wages): 3,789.00 
TOTAL $15,389 00 

b. Items of property t o  be procured or manufactured by the Contractor, 
o r  t o  be furnished the Government, t i t l e  t o  which will vest or 
remain in the Government( see Article V): lone 
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R r v .  0-.. UNITED C T A T U  ATOMIC ENEROY COMMlUlON 

CONTRACT AUTHORIZATION 
I TO 

IO. RtCOMMEN DED TYPE & FIXED PRICE 

0 COST REIMBURSEMENT 

NEW AEC FUNDS. NOT 20 EXCEED . . . S 8,883 
, FINANCING 

BALANCE FROM PRIOR TERM . . . . . S 

ESTIMATED VOLUNTARY 
CONTRACTOR CONTRIBUTION . . . . S 

TOTAL PROJECT . . . . . $ 

IS. BUDGET AND REPORTING CLASSIFICATION 

OPERATING COSTS . . , . . . . 06 01 08 
EQUIPMENT COSTS (IF APPLICABLE) . . 

17. REMARKS: 

S. R. Sapirie, Manager 
Oak Ridge Operations Office 

E. D. Bruner, H . D . ,  
D i v L 8 i O n  Of Biology 

1 . e  P, 
/ 

5. CONTRACTOR 

11. TERM 

6-1-61 t b r ~  5-31-62 
13. PROPERTY 

T I N T O V C S T I N  ALC 

CONTRACTOR 
14. ALL0 TMENT TRANSFER CHARGEABLE 

06-11-91 (24) 
16. SECURITY 

W U K  TO BE ?LWOltUCD I 8  UNDCR C A T . O O R Y b  
A S  DLFlNCD IN U C  YANUAL SECTION 3403. "Q" E W E .  U 
R I O U U T I D  rOa 

Im 

North Car01f.M State College 

Department of Botany 
5. DEPARTMENT 

#. PROJECT TITLE 

S. N m  

U a RENEWAL OF 
a 
CONTRACT NO. 

A!I (40-1)-2100 
5. RESPONSIBLE TECHNICAL 

REVIEWER 

Vincent Schul t z  
7. PRINCIPAL INVESTIGATOR 

Lurry A. Whitford 

IS. ENCLOSURES 



RENEWAL PROPOSAL 

For the period May 1, 1961 to April 30, 1962 

under 

C O B T U C ' P  NO A T - ( Q O - 1 ) - 2 1 0 0  

U. S .  A T O N I C  3NERGY COMMISSION 

with 

NORTH CAROLINA STATE COLLEGE,  R A L E I G H ,  NORTH CAROLINA 

Title 

STUDIES IN THE ECOLOGY OF FRESH-WATER ALGAE IN NORTH CAROLIlOa 

Subprojects 

(1) Floristic8 and Ecology of the Algae of the Littoral Zone 

of Lakes and Ponds. 

A Study of Current Speed in Various Portions of 5treans 

as Compared with Movement of Total Water Mass. 

A Study of Diurnal Variations in Dissolved Oxygen and 

Carbon Dioxide in Selected Streams. 

(2) 

( 3 )  

(4) Organization of Data and Preparation of a Paper on The 

dcology of ~ l g a e  in North Carolina Streams. 

Current Requea t from AEC : 

b8, 883 

Prepared by Larry h .  'idhitford, 
Principal Investigator, Jan. 20, 1961 

tipgroved for the AgrlCUltUal Experiment Station by 
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SUMMKRY Oh' PHOPUSU UOEtK AND BlruGbT 

A study of approximately two years duration will be initiated on 

the floristics and ecology of algae in the littoral zone of lakes and 

ponds. The proposed Graduate Assistant, Vincent J. Bellis, Jr. will carry 

out this study under thedirectionof the investigators. Variations in 

the floras of the chief lake and pond types will be correlated with 

the important habitat factors by meane of collections at regular inter- 

vale along tramect8. 

A study of the relation of current speeds to algal communities in 

different streame and various parte of the same stream will be made by 

means of several instrument8 including pairs of thermistors. This is 

a short-time study in relation t o  habitat and community data already 

at hand. 

Diurnal variation8 in dissolved gases will be studied in various 

portion8 of selected streams in an attempt to correlate any variations 

with algal communities; and the data will also be used in an attempt to 

compare organic production in different streams, and different communi- 

tie8 in the same streams. 

In addition to work on the two above subprojects, the two investi- 

gators will organi~e data and prepare a paper on the ecology of algae 

in North Carolina etreams. 

will be completed during the fall of 1961. 

If this i8 not completed by September 1 it 

A salary of $5,625 ( , ~ 2 , 2 5 0  to be supplied by AEC) is proposed for 

the Principal Investigator, who will devote full tine tc the project 

for the three summer months and half time for the remainder of the year; 

$2,250 for the Associate Investigator for the three summer months; and 

$2 ,200  for the Graduate Assistant, for half-time work on the project f o r  

twelve months. Equipment in the amount of b3OO, chiefly storage cabiklets 

and current measuring devices, i e  proposed, and 4300 for supplies 



including photographic materials, glassware, and other small itsma. 

The sum of $700 ie proposed f o r  travel and per diem for the three 

pereons, and $125 for labor. 

Overall Project 

Studies in the Ecology of Freeh-water Algae in North Carolina. 

Ob3 ec t iv e8 : 

1. To oomplete the firat phase of studies on the ecology of 

algae in streams, and prepare a paper for publication. 

2. To initiate a floristic and ecological study of the algae 

of the littoral zone of lakes and ponds in North Carolina. 

Justification: 

We have data at hand from a three-year over all study of 

stream eoology. It is believed, however, that some additional 

data on variations in current in various portions of streams and 

in different kinds of streams are needed f o r  correlation with data 

on communities. Data are also needed on actual organic production 

in various portions of etreams and types of streams. Once this 

data is accumulated there i s  adequate material for a fairly com- 

prehensive paper on the ecology of algae in North Carolina 

streams. 

There has been relatively little work done on the al$al flora 

of the littoral zone of lakes and ponds in this state or in the 

southeastern United States, and almost nothing on the ecology of 

algae of the littoral zone. A floristic and ecological study of 

thie habitat would fill a gap in o u r  knowledge since such studies 

have been, or are being made, of the phytoplankton community and 

of the communities of algae in North Carolina streams. 
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Subprojects 

i I 2 

Floristic8 and Ecology of the Algae of the Littoral Zone of Lakes 

and Ponde. 

0b.iectives : 

To collect and identify the species of algae in the littoral 

zone of the major types of lakes and ponds in North Carolina, and 

relate variation in the floras to season and other important 

ecologic factors 

Justif icationr 

Preliminary work by the two inveetigators in this region ha6 

indicated that there ia a rich and varied flora in the littoral 

sone of lakes and ponds; and that the flora varies with aeaaon and 

lake type. A complete liat of the species in thie community would 

add to the fresh-water algae known In the state. A atudy of 

variation in the floras with season and lake type would also con- 

tribute much to our knowledge of the ecology of fresh-water algae 

in this region, and to algal ecology generally. 

Experimental Procedure: 

The procedure would include a preliminary sampling of a number 

of ponds in each alleged ecological type to determine if there is 

a real difference in the flora. Thia would be followed by 

setting up transects from the shore-line to the limit of algal 

growth (or the center of the pond) in one or more lakes or ponds 

of each type; and systematic regular sampling of the algae along 

each transect. Environmental data on such factors as water 

temperature, light penetration, pH, and dissolved gases would be 

taken. An Ekman dredge would be used to collect uniform bottom 



6 ~ ~ ~ p l e e  at different depths. 

cell would be used to measure light penetration, and tlplantedt' 

mioroslides would be tried aa a uniform eubetrate for collection 

of attached algae growing at different depthe. 

b Secoi disk and photo-electria 

At the end of the study an attempt would be made to oorrslate 

variation in the flora with seasonal and other environmentel 

f actors . 
The proposed graduate assistant would do most of thie work 

under superviaion of the two investigators. 

It is estimated that eighteen monthe to two years would be 

needed to complete this study. 

A Study of Variationa in Ourrent in Different Situation8 in 

Streams a8 Compared with the Movement of Total Water b a s .  

Objective6 r 

To collect data which will indicate whether there is a re- 

lation between current speed and the occurrence of attached 

oommunitiee of algae. 

Justification: 

Field obeervations and laboratory work has indicated that a 

current greater than 15 cm. (1/2 ft.) per second is an important 

habitat factor for 60me algal communitiee. Current data taken in 

the field in a large number of situations and aeveral etrem types 

are needed to oonfirm or disprove o u r  ourrent-effect theory. 

Experimental Procedure: 

Since the data most desired is that on current epeed very 

cloae to attachment aurface~, it i a  proposed to w e  a pair of 

small thermistors for such measurements. Thermistore give acourate 

rapid measurements of current within a small area. It is hoped we 

can measure current within one millimeter of rock or wood surfaces 



i n  streams. Other methods w i l l  also be used, such as P i t o t  tubes 

o r  Bentzel v e l o c i t y  tubes.  

wiers (on brooks) and mechanical cu r ren t  meters w i l l  be used. 

For meaauring t o t a l  water movement, 

Af te r  prel iminary work and c a l i b r a t i o n s ,  i t  i e  es t imated t h a t  

adequate d a t a  can be taken wi th in  one o r  two weeks. 

Diurnal  Var ia t ions  i n  Dissolved Oxygen and Carbon Dioxide i n  ( 3 )  
Selec ted  Streams. 

ObJectives t 

To ob ta in  f u r t h e r  d a t a  on the  poss ib le  v a r i a t i o n  i n  oxygen 

content  of water i n  va r ious  e i t u a t i o n s  such 8s r ap ids ,  pools, 

colonies  of algae,  e tc . ,  and d i u r n a l  v a r i a t i o n s  which occur. 

J u s t i f i c a t i o n :  

The ooourrence of c e r t a i n  apeciea of p l an t s  and animals i n  

c e r t a i n  por t ions  of streams only,  has  been a t t r i b u t e d  t o  v a r i a t i o n s  

of temperature and d isso lved  oxygen. Data i s  needed t o  support  or 

disprove t h i s  theory. We have some d a t a  on t h i s  po in t  but more is 

needed. 

Diurnal v a r i a t i o n  of d isso lved  oxygen and carbon dioxide i n  

a stream has  been w e d  t o  c a l c u l a t e  t o t a l  organic production. We 

should l i k e  t o  obta in  such data t o  i n d i c a t e  the  r e l a t i v e  producti-  

v i t y  of stream types w i t h  d i f f e r e n t  algal f l o r a s .  

Zxperimental Procedure: 

By means of a small rubber-bulb suc t ion  apparatus a l ready  i n  

use,  samples of water from ae lec ted ,  p rec i se  portio- of s t r e a m  

w i l l  be taken i n  s tandard oxygen b o t t l e s  and analyzed f o r  f r e e  C02 

and f o r  dissolved oxygen, by s tandard methode. 

Surface samples of water  taken i n  the  af ternoon and the l a t e  

hours of darkness w i l l  be analysed f o r  diesolved COP and oxygen 

and t h e  average rate of photosynthesis  calculated.  Thus the  
' 7 (.j 5 1 q 

1 I c, 



( 4 )  

productivity of green plants in different atreame can be compared, 

Since we have aome data already, and only a comparison of 

the productivity of stream type8 ia desired at this time, two 

or three weeke' work should give enough data for present require- 

ments. Next year further data might be taken, including euch 

data for the littoral zone of lakes and ponda. 

Organization of Data and Preparation of a Paper on the Ecology 

of Algae in North Carolina Streams. 

Objectives: 

To organize data for a final scientific report, and to prepare 

a paper for publication on the ecological part of o u r  vork on 

North Carolina stream, 

Justification: 

Fairly voluminous data on the aommunities of algae in B. C, 

streams, together with data on seasonal relations and habitat 

factors have been accumulated during the past three and one half 

years.  

mid-summer) to warrant publication. 

Procedure: 

We believe the data is complete enough (or will be by 

It is proposed for both inveatigatora to use all spare time 

to begin organizing the data in early summer and to devote full 

time to organizing and writing a paper from the data during the 

last month or six weeks of the summer. It is hoped the paper can 

be submitted to a journal (probably Ecological Monographa) by 

late summer or fall of 1961. 

References 

Hoskin, Charles M. 1959. Studies of oxygen metabolism of etreams of 

North Carolina. Inat. Marine Sci. 6: 186-192. 
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Odom, Howard T. 1957. Metaboliam of a laboratory stream microcosm. 

Inst. Marine Sci. 4: 115-133. 

Odum, Howard T., Paul R. Burkholder, end Juan Rivero. 1959. Measure- 

ments of productivity of turtle grass flats, reefs, and the Bahia 

Fosforescente of aouthern Puerto Rico. Inst. Marine Sci. 6: 159-170. 

Odwn, Howard T. and Charles M. Hoakin. 1958. Comparative studiee on 

the metabolism of marine waters. Inst. Marine Sci. 5: 16-46. 

Whitford, L. A. 1960. Ecological distribution of fresh-water algae. 

The Pymatuning Symposia in Biology, Spec. Pub. lo. 2. 

Whitford, L. A. 1960. The current effect and growth of fresh-water 

algae. Tram. Amer. Mic. SOC. 79: 302-3090 

Whitford, L. A. and George J. Schumacher. . Effect of a current on 
mineral uptake and respiration by a fresh-water alga. (Submitted 

for publicstion) Limnology and Oceanography. 

Background and Status of Peraonnel 

Scientific Personnel: 

Senior Investigator -- Larry A. Whitford, Professor of Botany, N. C. 
State College. 
biography and bibliography. ) 

(See original proposal for 

Associate Investigator -- George J. Schumacher, associate Profeeaor 
of Biology, Harpur College, State University 
of New York. 
1960 for biography and bibliography.) 

(See renewal proposal for 1959- 

Graduate Assistant -- Vincent J. Bellis Jr., Graduate Student and 
Candidate for the degree Master of Science, 
N. C. State College. 

Other Personnel: - 
Students will be employed as labor for glass-washing and laboratory 
routine and as occasional field assistants for one day only, without 
per diem. This will amount to about 100 hours for the year. 
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uthdr Financial Assistdnce 

None 

Irlaterials, Equipment and Faciiitles 

In addition to facilities listed in the original proposal, trtc 

department now has f o u r  growth chambers, each 6 x 6 x 12 ft. with 

control of  light, temperature, and humidity, which c m  be used for 

laboratory atudies of algae. 

Travel 

nn estimated 5,500 t o  6,000 miles will be traveled by private ;ar. 

This will be about equally divided between the Graduate .*ssistant and 

tne two Investigators, nnd will be for the purpose of collecting algae 

und recording ecological da te  in the littoral zone of ponds, and collect 

ing dzta on the current speed and dissolved gases in selected strezms 

in Coastal  Plain, Piedmont, and PIountain regions. 



PROPOSiI) BUDC'i*p 

Studies in the Ecology of Fresh-water Algae in North Carolina 

A. E. C. Contract No. AT-(40-1)-2100 

Project Leader: Larry A. Whitford, Department of Botany and Bacteriology 

Estimated expenses for the first year of an anticipated two year period: 

1. Salaries and Wage8 

Principal Inveatigator 
507% for nine months, 
full time, June, July, aug. 

Investigator, full time 
June, July, Augue t 

Graduate AEEiEtant, 
beginning 

Labor 

2. Suppliea 

Equipment 

3. Travel 

4. Printing and publications 

Reque a t ed 
from AEC 

$2,250 

2,250 

2,200 

125 

300 

300 

700 

100 

N. C. State 
College 

63,375 

-- 
I- 

-- 
-- 
-- 
-- 
-- 

To tal 

us, 625 

2, 250 

2,200 

125 

300 

300 

700 

100 

Direct Costs 

Overhead 

-$11,600 

3 789*** 

TOTAL 58,883 315,389 

* Overhead charged to A. E. C., 8$ of direct costs. 
+* Overhead cost assumed by N. C. State College. 

*** Overhead baaed on 37.1% of all salaries and wages 

Financial provisions of this agreement 
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F a m  OR-569 (2/53) REQUEST FOR CONTRACT ACTION (submit in duplicate) 

1. Chairman _ _  
TO: Contract Board. From: Res. & Dev. Div. R. G. 'iumkiries 

It is requested that the Contract Board take the necessary action to procur the following described con- 
tract action in accordance with the provisions of Bulletin OR-O&M-l9: 

2. Nature of Action Requested 

0 Selection of New Conaactor and Modification of Contract 
Negotiation of Contract. N O . A T - ( ~ . L O - I ) - ~ ~ Q  

Contractor: North C a r o w  

orher (Explain) 
Raleigh, North Carolina 

0 Review and approval of Contract. Sub- 
contract or Purchae Ckder. 
Number: 
Name: 

3. Nature of Servicu to be Covered by Contract 

Construction 0 Architectdngincu 0 other rn 
4. Fundhi Amount to be Obligated by this Contract Action S b,398 

Source of Funds 

Approved OR0 Financial Phn,  Ournu, Firm1 Y u t  19, 

Concurrence in Funding Statement: (signed) @-&-L&L 
Chief, Budget Branch I 

6. Project or Activity to be Covered by Contract Action: 

Locrtioa of Work 
Eathnaced Coat of W a k  to be Covered by this Conaact Acdon $ 

Schedule: Date Work to Surt  
Deraipdon of Project or Activity: 

Consauction Directive No. 

Eadmated Completion Date 

I .  (If mae space is required use separate sheea and attach huetot) 

e 
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3eadqczrters desi,nated research contract  
TITLE: "Studies in t h e  2cology of iCr.esh-7iater Algae in Korth C a o l i n a "  

(If mae  space b required use sepurte rhteu and attach haetor) 

9. Desdpdon of otber changes to be covued by kbdlflcadoa: 

K0dif.j contract  t o  provide f o r  the perfornance of  addi t ional  research to 
be completed no t  l a te r  than Kay 31, 1961. 
The Contractor will contribute $4,960, and the  estimated unexpended balance 
i s  $ill. 

The AEC w i l l  contribute $4,398. 

10. Ncgodated Coaarca (Show Why it appears desirable to negotlrec new cootract oc to neg0Cl.w 
modification to exirtlng contract) 

Form SC-481 (Contract Authorization) from C. W. Shilling t o  S. R. SaFirie 
dated April  13, 1960. 

11. Coaarctr, Subconaacts. a Purchase Orders Submined for Review and Approval: (Fmnirb brief dtocrlp- 
don of action in th is space and attach putincot documeaa) 

None 

None 



TITLE N 

This TITLE I V  describes the research program and cost estimates agreed upon 
between the Comnission and the Contractor, 

1. PROGRAM 

a, Scope and Plan of Approach: 

The Contractor will continue the study of the ecology of algae i n  
North Carollna streams, including (1) the collection of data on the 
numbers of both net and nannoplankton of large s t r e a m  and rivers, 
(2) the study of algal communities of river shore and bottom, and 
(3) the collection of fu r the r  data  on the early stages of cornunities 
on rocks in stseams by meam of "planted" glass slides.  
the Contractor expects to  study (1) the uptake of phosphorus by 
algae i n  s t i l l  and running water using radio-active phosphorus, and 
(2) to col lect  data on possible var iaaon  i n  dissolved oxygen and 
carbon dioxide i n  various habitats i n  the same stream. 

I n  addition 

20 BUDGET 

a. Outline of Cost Estimatest 

(1) Salar ies  and wages: 
Dr .  L, A, Rhitford (50% of time, 8 mos., 

* ,025 . 00 

full time 3 summer 
mos . ) $4, 400 00 

Research Associate 1,500.00 
Laboratory Assistants and Techniciana 125.06 

(2) Equipment, Supplies, and Materials: 450.00 

(3) Travel: 

(4) Indirect  Costs (39.74% of sa la r ies  and wages): 

600.00 

2,394.00 

b. Items of property to be procured o r  manufactured 
or  to  be furnished by the Government, t i t l e  to which dll. vest o r  
remain i n  the Government (see Article V): None 

the  Contractor, 
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R.V. S-B. UNITED # T A W  ATOMIC CNCROY COMMIUION 

CONTRACT AUTHORIZATION 

b CONTRACTOR 

North Carolina State College 

I DEPARTMENT - 
Department of Botmy & Bacteriology 

D. PROJECT TlTLk 

S.  R. Slpirie,  M~nagtr 
Oak Ridge Optr8tiona Office 

Studies in the Ecology of Fresh-Water Algae in North Carolina 

0. RECOMMENDED 11. TERM a FIXED PRICE 

0 COST REIMBURSEMENT 6-1-60 thru 5-31-61 
_. FINANCING 13. PROPERTY 

FROM C .  U. Shillin 
Dlvlsion of B 

a CONTRACTOR 
14. ALLOT MEN1 TRANSFER CHARGEABLE 

06-01-91 (24) :$ 16.  SECURITY 15. BUDGET AND REPORTING CLASSIFICATION 

ESTIMATED VOLUNTARY 
CONTRACTOR CONTRIBUTION . . . . S 

TOTAL PROJECT . . . . . 1 

I m 
17. REMARKS: 

THE T l C H N l C A L  UPECTS OF THE PRocO.CD R U U R C H  HAVE DLKN R N I C W X D  AND ARC U P R O V I D .  
THE RESULTS OC THE RUCARCH THAT U w) DL UNDERTAKEN. THC DUWm INCORPORATED IN THL -AL HAS B U N  SlVlCWCD AND 
IS APPROVED U C X R  AB INDICATED *.LOW. NONE OC THC ACC N N M  .HALL DL U S M  COR CONCCRRlNO A U SHIP. IC WIO. 
C-oPCS ARC TO BC UBCD U N D U  THS PROVISIONS 01 ACC MANUAL 7810. THL SAVIN08 SHOULD DC COIUIDLRLD IN TIIS 
NEOOTIATIONB. 

A NEED CU-Y nlm 

-e 

- 
ApR 1 3  '3au 2. DATE 

3. NUMBER 
bn- 60- 458 

17 
CONTRACT NO. 
AT(40-1)-2100 

5. RESPONSIBLE TECHNICAL 
REVIEWER 

Vincent Schultz 
3. PRINCIPAL INVESTIGATOR 

Larry A. Uhitford 

T l h .  TO VSST IN ALC I NEW ALC FUNDS. NOT TO ~ C E E D  . . . s $4,398 
BALANCE FROM PRIOR TERM . . . . . $ 

6 180 
OPERATING COSTS . . . . . . . 
EQUIPMENT COSTS ( I F  APPLICABLE) . . 

WDRK TO BE PUCORMLD IS UNDER UTLOORY 
A# DLFINID IN ALC MANUAL SECTION 5403. "Q" C L U M N C E  IS 
RLOUCSTID COR 

I 

A SS'3G 18.  ENCLOSURES 

PROPOSALDATED 

5 NOTIFICATION L m L R  DATED 
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R5NE'WAL PFIJPJSAL 

b'or the 2eriod shy 1, 1960 t o  April 30, 1961 

A ,L .C . Contract No. AT-(bO-1)- 2100 

Prepared by L. A .  Rhitford, Principal Investigator,  

Approved fo r  the Agricultural  Experinrent S ta t ion  by 

1. - Title:- Ecology of Algae i n  North Carolina S t ream 

2 .  Ins t i t u t ion  and Ikpar tmnt : -  N. C. S ta te  College, 
Department of  Botany 

Raleigh, North Carolina 
and Bacteriology 

3. Scope of Proposed besearch:- 

I t  is proposed to: 

1. Collect  da ta  on the numbers of both net  and nannoplankton of the 

r ivers  and l a rge r  streams. 

was not obtained las t  year. 

study . 

Due to ra iny weather and high w a t e r  such data 

Such information is v i t a l  t o  this ecological 

2. Study the a l g a l  c o d t i e s  of r i ve r  shore and bottom. High water 

last  year in te r fe red  with the col lect ion of these data  also 

3 .  Collect  sore fur ther  data  on the e a r l y  stages of communities 3n 

rocks in streams by means of "planted" glass slides. 

apparently s ign i f i can t  resu l t s  are being obtained by th is  method. 

Some i n t e re s t ine  and 

4. By means cf  radio-active phosphorus it i s  planned to study the up- 

take of t h i s  element by algae in s t i l l  and running water. 

support the theory tha t  a current promotes the exchange of materials 

oetween an organism and its emironment. It is hoped that the exact 

Data a t  hand 

reason for this e f f e c t  can be establ ished,  and also data on the e f fec t  3f 

various curren t  speeds obtained. 

5. It is hoped tha t  time will allow the col lect ion of  d a t a  on possible 

var ia t ion i n  dissolved 3 and CO i n  various habitats i n  the same stream. 
2 2 
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s c ien t i f ic  report  and a paper on the ecology of stream algae in North 

Carolina. 

Time w i l l  probably not allow a study o f  changes in r iver  flora as  the 

water becollres salty near the seacoast. 

14. Scient i f ic  Personnel:- 

Senior Investigator - Larry A. Whitford, Professor of  Botany, N. 2 .  Stat6 
(See or iginal  proposal fo r  biography and College, 

bibliography . ) 
Associate Investigator -- George J. Schumacher, Associate Professor of 

Biology, Harpur College, State University of Nev 
Yo&. 
biography and bibliography. ) 

(see renewal proposal f o r  199-1960 fo r  

5 .  Qther Personnel:- 

Students w i l l  be employed as labor fo r  glass-washing and laboratory 
routine and as occasional f i e l d  ass i s tan ts  for one day only, without 
per diem. 
may beemployed for 10 t o  20 hours to make counts on radio-active material. 

This will amount to about 75 hours f o r  the year. A i c i a n  

Salaries and Wages 

L. A. Whitford - 5% of tim, 8 months 
Ful l  time, June, July and August 

LaSoratory ass i s tan ts  and technicians 

$2 , 900 
1,500 

12 5 
-4bs,o2'5 w,02s 

Travel and per diem 600 
Supplies 150 

G. J. Schumacher - f u l l  tim, June, July and Aug. 1,500 

bdio-ac t ive materials 

In addition there are indirect  costs. The basis f w  computinp them is 
shown in the following summary. 
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Direct costs 
Salaries and labor 

Contributed by Contributed by 
N .  C. State College AEC 

8 2,900 S 3,125 
Equipment and supplies+ -- 450 

Travel and per diem -- 600 

%tal direct costs 

herhead (39.74% of 
to ta l  salaries) 

AEC (W of above) 

$ 2,900 

2,39& 

- 33& 

8 4,175 

334 

Total Costs 8 lr,960 8 h,S09 

Of a total  budget of $9,469 the Atonric Energy Commission i s  requested to 

* This includes an estimated $300 for radio-active materials. 

furnish #&,so9 

Financial provisions of this agreement approved 



REPORT ON THE BUDGFP 

Item 
Contributed by AEC Contributed by 

Expended to Needed to N. C. Statz College Total 

Salaries and labor $3,056.00 $3,096 e00 $2,900.00 $5,996 boo 

contractual 402.98 437 90 -------- 437 98 
Equipment, s u p l .  and 

Travel and per diem 649.92 899.92 ---_---- 899.92 

Overhead 2.061.00** *&k- $4,961 . 00 
it Overhead charged to AEC (6 of direct costs) 

** Overhead assumed by 8 .  C. State College 

Carry-over from last year $ 36.04 

Contributed by A E C  1959-60 4,904.00 

Contributed by N.C.S. 1959-60 4,961 .OO 
Total $9,901.04 

Less estimated total ex- 
penditures - 9,789.90 
Ostimated carry-over 
i.959-60 $111.14 

INCIDENT REPORT 

1. Serious Incidents 
None 

2. Fires, Explosions, e. 
None 

Other Property Damage Accidents 3.  - 
4. Personal Injuries 

None 

None 

2,456 .OO 
&9,789*90 

February, 1960 
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F O C ~ I  OR-389 (2/53) 

1. CbrLrmrn 

REQUEST FOR CONTRACT ACTION (rubmlt in dupllutc) 

TQ J. R. Moore Contract hard. horn: Res. and Dev, Div.. 

It is requeated that the Coatract Boud uke the necessary action to process the following deacribed con- 
tract action in accadance with the provisions of Bulletin OR-06M-19: 

2. Nature of Action Requested 

0 sclectioa of New Conmcm and Lx] Modifiudai of Contract 
NO. AT-(LO-1) -2140 

1€ Contractor:&th State Col 
Ncgotl.tioa of Contract. 

Raleigh, North Carolina 
0 Review a d  a p v a l  of Contract, Sub- c] orher (ExplAin) 

m u a c t  01 Ruchrae Ckdu. 
Numbu: 
Name 

a. Wtlm of service, to be Covued by Coaaact 

coamucdon 0 Architect-Engineer 0 
Amount to be obligated by this Contract Actloo 8 4,904.00 

6. Project or Activity to be Covered by Contract Action: 

lacrdoo of Work 
Ealm~tcd Cost of W a k  to be Covued by thin Coatract Acdm 8 
Schedule: Date W a k  OD S w t  
Dcsaipdon of Reject or Activity: 

Coarmcdoa Directive No. 

Estimated Completion Date 

(If more space i s  required use separate heea and atuch haem) 

? 



8. Complete Deruiption of su*ictr to be Purnlrhed by Coaurcuw: 
Headquarters i e s i p a t e d  research c o n t r x t  
TITLE: '#Studies in the E c o l o a  of .?resh.-',Vater Algae i n  Xortk C a r c l l ~ "  

9. Desaipdon of otha cbnfles to be covucd by Modiiiatloar 

Modify cont rac t  t o  provide f o r  the performance of additional research to 
be comFleted not l a t e r  than May 31, 1950. 
the Contractor W i l l  contribute $5,066, and the estimated unexpended 
balance i s  $426. 

The AB2 w i l l  contribute $4,904, 

(If mat qua is required ult ltpurte lbtar And AtPChhClbOO))  

10. Negotlated C o n ~ . c a  (Show why it rppern dcrirrbk to ntgotlrte nm com8ct a to neg0d.W 

Uemorandum f k m  C. W. S h i l l i n g  t o  S. R. Sapi r ie  dated April 6, 1959 
modification to cxirt(ng contract) 

None 

None 



APPENDIX “A” 

TITLE 1x1 

This TITLE 111 describes the research program and cost  estimates agreed upon 
between the Comnission and the Contcractor. 

1. P R O W  

a. Scope and Plan of Approach: 

The Contractor will continue studies of  the plankton of the larger 
streams of North Carolina. Both net  and nannoplankton will be 
sampled, and an attempt w i l l  be made t o  distinguish betmen the 
t rue  plankton or euplankton and the Qchoplankton derived from 
algae of shore and bottom, and to re la te  variations In plankton to 
m e  of stream and other habitat  factors. A set  of collectione 
from each r iver  will be obtained. 
bottom w i l l  be studied. 

Cornunities of r i ve r  shore and 
Sampling of smaller streams w i l l  be done 

to 
of 
on 
on 

check on community relations and test va&idi.ty of clasaiflcatLon 
atreame as to types. Hountain streams XU be sampled, Data 
production w i l l  be obtained. Colonization and growth studies 
planted s l ides  w l l l  be carried out, 

a. Outline of Cost Estimates: 

(1) Salaries and Wages: 

Dr. L. A. Whitford (3 time 9 me., 

Labor 200.00 

f u l l  time 3 summer ms.) $4,bm.oo 
Research Associate 1,500.00 

(2)  Equipment and Supplies: 

(3) Pavel: - 

$ 6,100.00 

310e00 

1,500.00 

(4) Overhead (40.76% of salaries md wages)t 2,lrs6,00 

T o t e l  $10,396 0 00 

b. Items of proper* to be procured o r  manufactured by the Contractor, 
t i t l e  to which will v e s t  i n  the Government (see Article V ) t  None 



UNITED STms m c  ENEEY cmss1OIp 
WASHlSW!ON, D, C. 

Contract Authorization Floe bn-59-345 

To : S. R.  Sapirie, Hanager 
Oak Ridge Operations Office 

ma4 : C. U. Shilling, KD., 
Division of Biology a 

SUBJECT : FUNDAUTHORIZATIONAND 
CONTRACT IQECUI'IATION 

m a  : 102/16 m m  mmR 7 J  1953, As m o m w  
TO MANAGE=, OPERATIorJs OFFICES, DATED 23, 1953, JOIITLY 
SIGNED BY THE DIRECTORS OF THE DIVISIONS OF RESEARCH AHD BIOLOGY 
m M E D I C r n .  

The research proposal described below has been approved by the 
Division ai Biology and Medicine, funds em avallsblc, and yw 
are authorized and requested to negotiate a contract in 
accordance with the follovlng tenus and conditions: 

1. Institution: North Carolina State College 

2. Investigator ( e ) :  Larry A* Whitford 

3. Title: Studie8 in the Ecology of Fresh-Water 
Algae in North Carolina 

4. ( ) New Contract, ( X  ) Renewal of Contract ?lo. AT(40-1)2100 

5 .  hration: 6-1-59 t h r ~  5-31-60 

6. AM: ~echnical  &presentative: 

7- Rmds are authorized for the 
as follows: 

Budget Amount 
Allotment 140. Category Prevlous This Action Total 

06-91-91(24) 6180 - s4,m 84,904 



-2- 

8. It is suggested that in the  bes t  in te res t s  of the  goverrmPcnt 
the  folloving type contract be negotiated: Lump-rum 

9. It i s  requested that the t i t l e  t o  any capi ta l  etpipnent pro- 
cured under this contract shal l  be vested with: 

( X )  the contractor; ( ) the government. 

10. If radioisotopes are t o  be used i n  this research, it is re- 
quested that the savings avsilable to  the contractor under the  
Radioisotope Research Support Program (Ref. AEC Manual Chapter 
7510) be considered in the negotiation of the amount t o  be 
funded mer  this contract. 

I3.e Other carmbents: JJaarai with reference t o  the memorandum from . the Assistant General Manager for Administration, Subject: 
Documentation of "Current Need" i n  connection with Washington- 
Designated contracts dated August 15, 1958, the Division of 
Biology .nd Mdicine has reviewed t h i s  project proposal and has 
deteimined that it meets the criteria of current need and is 

12. Security ReqUimntS: determined to  be roper for obligation 

In accordance with the P1'0viSiOnS of,Chapter 3403 of the AM: Wal 
and the  requirements of the Declassification Guide, it has been 
detelmined that the following securi ty  precautions should be taken 
in connection with the proposed research contract: 
Since there is essent ia l ly  no chance for the development of r e s t r i c t ed  
data, t h i q  project has been placed i n  Category I as  defined i n  Chapter 
3403 of the AEC Xanual. 
13- Reports: 

under Section 131 P . 

( x) Reports BZY to be required as provided fo r  by 
"Revised Guide for the Submission of ReseaFch 
Pmposals" dated February 8, 1954. 

( ) special reports instructions are as follows: 

Ericlosures: (x ) "A" - Proposal, dated Jan. 30, 1959 

- (X ) "B" - Notification l e t t e r ,  datd- 
( ) "c" - m e r  correspondence, letters 

M strlbution: 

Addressee: Original ( w  encl.) Mvision File: Yellow copy (w encl.) 
pink copy (w/o e n d . )  

Branch Mle: White copy (w encl.) 

1st copy (w encl. ) 
2nd copy ( w  e n d . )  

White copy (w/o encl. ) 
 pro^^ h d . y S $ S  Branch: 
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d O R T H  C A R O L I N A  S T A T E  C O L L E G E  

S C H O O L  O F  A G R I C U L T U R E  R A L E I G H ,  N . C .  

Dr. C. 9. Shoup 
Chlof, Bio low Branch 
Berearoh and Dorolopmont Division 
U. S. Atomio Enor&y C o d e s i o n  
Oak Ridgo, Tern.rreo 

S ~ b j  00 t 8 CONTRACT BO AT-( 40-1) -2100 BE: ORStJDB 

In our proporod budgot for 1959-60 the a l l o o a t l o n  and sppl l -  
oatien of s a l a r y  ronlor i r  as follourr 

Senior I n r o ~ t l g a t o r  0------ $4,400.00 
(Larry A. Uhitford) 
Full t h o  a t  $500 per ronth f o r  June, July m d  Augurt. 
On.-half t h o  at $322.22 por month Pot nine nonthr. 

b o o c i a t o  f n r e r t i g a t o r - - - - - S l , ~ . ~  
(Georgo J. Sohurrahor) 
F u l l  tin. a t  $500 por month f o r  Juno, July and ALugPst. 

~bor--------------o--oo--o$ 200.00 

P a r t - t i m e  undorgradwto rtadont labor at  $1.00 por hour f o r  
rou t ino  labora tory  and f i o l d  work during tho rehool y o u .  
f y p l o a l  r o t l r i t l o r  inoludo warhing g l r r r v u o ,  l abol l ing  and 
indoring oo l loo t lon r ,  and ar r l r tanoe  in handling tho boat 
and r o t o r  in t ho  field. 

Tho ure of rad io i ro topor  d u r l w  thir  proJoot boriod 18 not aonter- 
platod u n l o r ~  tho work prooeedr unuoually voll. 
rory p r o f i t a b l r  bo m o d  in oor ta ln  pharos of our work and If tlw o m  
bo found, it io proposed t o  ark f o r  rupplenontary fuadr in the amount 
of $960.00 t h r o w  a supplenontary proporal next f a l l  o r  winter. 

Rsdioirotopor cmld 

tsm A. Whitford 
Arsoclato Proforror of Bot- 

L A W  t db 



Renewal Proposal 

to 

U. S. Atomic Energy Commission 

ECOLOGY OF ALGAE IN NORTH CAROLINA STREAMS 

Total budget 

Requested support 

$10,291 

5,330 

SuSmitted by: 

Borth Carolina State College of Agriculture and Engineering 

Raleigh, North Carolina 
of the University of Korth Carolina 

\ 

% Q,-Nh$532 
Larry (8/. Whitford 
Principal Investigator 
Associete Professor of Botany 

I 

Chancellor 
N. C. State College 

Date Submitted: //3Q/5? 

Vice President and Fiiance Odficer 
University of North Carolina 



RENEWAL PROPOSAL 
ON 

U. S.  ATOMIC ENERGY COMMISSION 
RESEARCH BND DEVELOPMENT DIVISION 

CONTRACT NO . AT-( 40-1) -2100 

(For the period May 1, 1959-May 1, 1960) 

It is proposed to continue the study of the plankton of the 

larger streams of the state. 

sampled in each from near the headwaters down to the state border 

Both net and nannoplankton will be 

or to salt water. 

the true plankton or euplankton and the tychoplankton derived from 

An attempt will be made to distinguish between 

algae of shore and bottom, and t o  relate variations in plankton to 

type of stream and other habitat factors. A aomplete set of oollect- 

ions from each river, f o r  each of the four seasons at least,  is needed. 

As time allows, communities of river shore and bottom will be 

studied. 

Further sampling cf smaller streams is also planned to check on 

community relations and test the validity of our classification of 

streams into types. Such habitat factors as dissolved gases and 

variations in current speed will also be studied. Collections in 

mountain streams in early spring are also needed. A collecting 

trip in the mountains is planned for April. 

To complete a satiefactory stream study, data on production 

is needed, If possible, quantitative studies will begin sometime 

this year. Colonization and growth on planted microslides will be 

studied along with weight samples of fresh and dried collections, 

An interesting problem which probably will not be attacked 

this year is the change in river flora as the water becomes salt 

near the seacoast. 
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- Scientific Personnel 
Senior InveatiKator: Larry A. Whitford, Associate Pro- 

fessor of Botany, N. C. State College (See original 

proposal for biography and bibliography). 

Associate Investigator: George J. Schumacher, Assistant 

Profeseor of Botany, Harpur College, N. Y .  State 

University. Dr. Schumacher was accepted as Associate 

Investigator laat spring after the resignation of D r .  

John L. Blum. Dr, Schumacher is the author of four 

papers on fresh-water algae and is joint author of two 

other scientific papers. For four summers he made a 

survey of the algae in the Alleghany and Susquehanna 

Rivers in N e w  York. 

Professional bibliography of George J. Schumacher 

Schumacher, George J., 1952. The Phytoplankton o f  Whatcom County, 

Waahington. Madrono 11. 

Muenacher, W. C. and G. J. Schumacher, 1953. List of weeds of 

New York. Cornel1 Ext. Bulletin 891, 

and G. J. Schumacher, 1955. Weeds (reuision) 

560 pages. Macmillaa. 

Schumacher, G. J., 1956, A qualitative and quantitative study of 

the plankton algae in southwestern Georgia. her. Midl. Nat. 56. 

, 1958. Algae of the Alleghany liiver. In pressI 

1958. Algae of the Susquehanrra River. In press. 

The data for the last two papers were collected under a four -  

yeer.grant from New York State Science Service and the State Mueeum, 

and deals with the algas of the Alleghany and Susquehanna Bivers 

and their basins in.New York. 
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Contributed by Contributed by 
N. C. State ColleRe AEC 

Direct costs 

Salaries and l a b o r  82,900. $ 3 9  125. 

310 b Equipment and supplies ------- 
1,500a Travel and per diem --_--_- 

Overhead (40.76s of 
total salaries) 

AEC (8% of above) -395 l 395. 

Total costa 84,961 a 

wf a total budget of 610,291 the Atomic Energy Commission 

is reques ted  t o  furnish $5,330. 



TO : J. U. Ould, Jr., Assistant  General Cornel DATE: May 12, 1958 

lRoM : John R. Moore, Director, Contract Division 

s u B ~ :  REQUXST F'Et WDIFICATION TO AT-(&oll)-21Oo - 
NQRTH CAROLIN4 STATE (=OIJM;E 

Please pepare an appropriate modMiation to the sub3act c o n e a c t  
to provide for  additional research la be completed not later thrn 
May 31, l959, with new fund6 in the a u n t  of $b,865, T U  action 
is covered by Con.trPct Authoricatioa No. B&58&0, dated May 1, 
1958, in the mount of &,865. 

9 

A Request for Contract Action dated M y  9,  1958, from the  Rsssprch 
.I% and Development Division 

Enclosures t 
1. Request f o r  Cont, Action 
2. Budget 
3. Resume' 
4. Cont. Auth, 
5. R e m a l  Proposal 

f 

.. 
.A- 

i . 4 
. .  

I . . /  

.- 



f' 

F a m  OR1588 (2/53) 

1. Chirmrn 

REQWEsT FOR CONTRACT ACTION (cobmlt in dopllcatt) 

TO: J. R. Moore Conrract Board From: Res. and h V .  Div. 

It h requested thrt the Contract Board take the necessary action to procur the followlng derctibcd con- 
aact action in accadance with the provisions of Bulletin OR-O&M-19: 

2. Nature of Action Rtqucttad 3. 

I_] Selection of New Coatracm and a Modifiudm of Conuaa - - e  

tate Cone ~ontracrorrdlPFth Carolua S 
Nepdatioa of Coaurct NO. AT bQlJ2.W 

Raleigh, North Carolina 
0 Rerfew and approval of Contract, sub- n olh~r (hphb) 

amuact ff Purchw C&der. 
Numbu: 
UJlmc: 

c Puadinfi Amount to be Obligated by this Contract Action $4,865.00 

Sauce of F u d a  

Locatio0 of Work 
Estixmted Cost of Work to be Covued by thlr Contract ActIan 8 
schcdolt: Date W a k  to S u n  
Deralpdoa of Project os Activity: 

Construction Directive No. 

Eaimrted Completion Date 

(If m a e  space h required use -ate sheets and attach h m d  



a complctt ~ e r u ~ p u l ~ n  af ~ c e ~  to bc ~vnirbed ~ o a ~ r c t o n  
Headquarters designated research contract 
TITLE: “Studies i n  the Ecology of E’resh-dater Algae i n  North Carolina“ 

g. ~trczipuoo of orba c t v n p  to be anad by bbdlftcrtioor 
yodify contract to provide for additional research to be completed not later 
t h a n  M a y  31, 1959, with new funds in the amount of $&,865. 

10. Negotiated Comrrca (Show why it rppun dealrrbb to a61pCl.w IWW camact a to nogodam 

Memoram frolli C. W. Shill ing to S o  R .  Sapirie dated Yay 1, 1958. 
modifl~doa to cldrtlng coQo.ct) 

None 
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BL.!XI' FOR COWRACT NO. AT-(b0-1)-2100 

6-1-58 - 5-31-59 

( ' \  Salar ie s  and Wages; $ 6,100.00 

Dr.  Larry A. Whitford (1/2 tine for 9 m o s .  
full t i m e  f o r  3 mos.) $4,400.00 

Research Associate 1,500.00 
Labor 200.00 

(3) Travel: 

(q)  Overhead (41.03% of Salaries and Wages) x 

--._ 

350.00 

1,900.00 

2.502 83 

TOTIL $10 852 83 

The AEC's contribution to the above budget wi l l  be $lr,865; the Contractor's 
contribution w i l l  be $4,966.83; and $1,021 is  the estimatdunexpended balance 
remaining from the previous period. ~ ' 

;/' 
Y ' f L  t: 
.I 
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-__2_-/. Thee-ntractor w i l l ' c ~ n t i n u e  s t u d i e s  of t h e  a l g a l  f l o r a  of the  smaller 
streams i n  t h e  Piedmont and C o a s t a l  P l a in , 'w i th  re ference  t o  n a t u r a l  
c o n d i t i o m  and na tu ra l ly -occur r ing  spec ies  of i n t e r e s t  i n  t h e  g e n e r a l  
problem of l and  d i s p o s a l  of r a d i o a c t i v e  materials and environmental  
contamination. 
s ize  t o  those of  the Piedmont and  > l a i n s  area, and t h e  eco log ica l  s t u d i e s  
w i l l  inc lude  c o n s i d e r a t a t i o n  of t h e  c o r m n i t i e s  and t h e i r  donrinants 
with r eco rds  of l i g h t ,  water temperature, pH, ehemical q u a l i t y  of x a t e r ,  
d i s so lved  eases,  e t c .  
of the fresh-water  d i a t o m  as w e l l  as t h e  algae, and t h e  e f f e c t  of 
strean; c u r r e n t  on t h e  a lgae .  
t he  Highlands B io log ica l  Laboratory f o r  2-3 weeks i n  June f o r  s t u d i e s  
of mountain streams, and s t u d i e s  or. diatoms w i l l  be made during a 
sPoLrt visit t o  t h e  Acadeny of ' J a t u r a l  Sciences of Pki lade lpkia ,  probably 
I n  t f e  f a l l  o r  w in te r .  

Mountain s t reams will b e  sampled tht  a r e  of similar 

Spec ia l  a t t e n t i o n  will be given t o  t h e  taxonomy 

A temporary l abora to ry  will be s e t  a t  

C. Shoip 



x 

UNITED STATES m c  EmmY C ~ S S I O N  
WASHIIGTON, D. C. 

Contract Authorization No. EM-56-43 

S. R. Sapirie,  Manager 
Oak Ridge @eration8 Office 

C. W. Shill ing, M O D . ,  

Division of Biology an 

FUND AUTHORIZATION AND TRANsKfTTAL OF 
c m  ImmcIATIOIv 

PRoposAL FOR 

102/16 mRcNH) 7, 1953, As BY m m m  
To MANAGE=, OPERATIONS OFFICES, D m  23, 1953, JOIIQU 
SIGNED BY THE DIRECTORS OF THE DNISIOIVS OF EzggEARcg AND BIOUGY 
m MEDICrn. 

The research propeal derrcribed below ha8 been a.pproved by the 
Mvision of Biology and Wdicine, rundo are avallablc, and you 
ere authorized and requested to negotiate a contract In 
accordance with the following terns and conditions: 

1. 

2. 

3- 

4. 

5 .  

6. 

7. 

Institution: North Camline State College 

Investigator (8)  : Larrg A. Witford 

Title: Studies In The Ecology Qf Fresh-Uater Algae 
In North Carolina 

( ) Nev contract, (X ) Renewal of contract NO. A T ( & - ~ ) ~ O O  

Duration: 6/1/57 t h ru  5/31/58 
5. ' - 5-t "-9 

n 

AM: Technical &presentative: ~ohn N .  w e  #d, OJ 
W e  are authorized for the obligation o f  t h i o  c o d  
ae follows: 
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8. It is  suggested that i n  the best Interests  of the government 
the following type contract be negotiated: 

It is requested that the t i t l e  t o  any capi ta l  equlpnent pro- 
cured under t h i s  contract sha l l  be vested vlth: 

( x ) the contractor; ( ) the government, 

LumP-SUm 
L 

9.  

\ 

10. If radioisotopes are t o  be used I n  t h i s  research, it is re- 
quested that the savings available t o  the contractor under the 
Radioisotope Research Support Program (Ref. AM: MBnual Chapter 
7510) be considered i n  the negotiation of the ermDunt to be 
m e d  under t h i s  contract. 

U. Other comments: 

12. Security Requirements: 

In accordance with the provisions of ,Chapter 3403 of the AB: Manual 
and the requirements of the Declassification Guide, it haa been 
detennined that the following security preceartions should be taken 
i n  connection with the  proposed research contract: 
Since there is essentially no chance for the development of rest r ic ted 
data, t h i s  project  has been placed i n  Category I as defined in Chapter 
3403 of the AEC Manual. 
13. Reports: 

\ 

(x ) Reports are t o  be required as provided for by 
"Revised Guide f o r  the Submission of Research 
Proposals" dated February 8, 1954. 

( ) Special reports instructions are a6 follows: 

M B t r i b u t  ion : 

Addressee: Original ( w  encl.) Division File: Yellow copy (w encl.) 
pink copy (w/o end. )  

Branch File: White copy (w  encl.) 

1st copy (w end.) 
2nd copy (w end. )  

White copy (w/o encl.) 
Program Analysis Branch: 

WO S O 0 0 5 2  
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R T H  C A R O L I N A  S T A T E  C O L L E G E  

I O O L  O F  A G R I C U L T U R E  R ,  L E I G H .  N C 

k r c h  20, 1958 

O r .  C. S. Shoup, Chief 
Bi  o logy  Branch 
Research and Dcve lopmnt D i v l s  ion 
U. S. A t o m i c  Energy b a i s s i m  
Oak 9 1 dge, Tennesseo Subject! Contract  No. AT-(JO-I 1-2 IO0 

Oear Dr. Shoup: 

Enclosed Is the cor rec ted  budget shoet f o r  our  Renowel Proposal. 
1 an w r y  s o r r y  to haw made such a care less  mlstakr. 

I wish t o  conf i rm my statement on the  telephone today t h a t  Dr, 
Georgo Schuwchor o f  Harpur Col Ieae, Stat. U n i v e r s i t y  of New York, has 
agreod t o  work w i  th w f o r  the next  two summers as r e p l a e e w n t  o f  Dr, 
John L. Blur  who r e c e n t l y  resigned. Dr.  Schumacher i s  a Carn) l l  Uni- 
v e r s i t y  PhD (fresh-water algae). He has publ ished three papers and 
has a f o u r t h  in  manuscript. He has workod for  the past  two sumorb  on 
the limnology of s t r e a m  i n  New York State. H l s  PhO t hes i s  was on the 
phytoplankton of some Georgia ponds. He should be thoroughly f a m i l i a r  
w i t h  the a l g a l  f l o r a  o f  the southeastern s tates.  

Yours v e r y  t ru ly ,  

L. A. W i t f o r d  
k s o c i r t e  Professor  of Botany 

LWtdb 
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h O . R T t . 4  C A F ? R ' d L t 6 f : T A i  S T A T E  C O L L E G E  

S C H O O L  O F  A G R I C U L T U R E * ' *  R A L E i C H ' .  N . ' C . '  

- 0 . b  ON C C  mIUL'3C C 4 L  n C v h ' + , C &  h r c h  14, 1959 
D O t A U T  

* * 
. . !  or. 'c. S. Shoup, Chief - 

81 o I ogy Branch 
Reseerch 8n6 De 
Y. s. Atomic E 

Dear O r .  Shoupc 

2 -  

g i v e n  in the m i  
contribution of 
that  overcherd in each; # 
The CoIfrge C h ~ g 0 8  
and cmtr Ibut.8 #8 

have found several e x t t h d y  iRteresting 8trOalaS rocentty dich 1 shgutl 
l i ke  t o  v l r l t  froqurntly dur ing  th8 8prlng mxtaum of algal  gfarttr. 
revision w i l l  s t i l l  Ierve s l i g h t l y  over $1,000 t o  carry 0v.r into noxf 
year's budgot. This rmmt can l srg . ty 'b .  rccwntod for thfgugh the slirllyl: 
of $m in salrry tbst summer *en I was %red b . r p t o y  rn'rbstrt.nt 
Inwst tga tor  Instead of en k s o c t a t o ,  84, saving orf w e  than 
tho CoIlogo elocted to rstyrr ncro o f  tho overhead than we* rgfq9d on tin 
tho orig inal  propbral. ._, 

charse M C  only 0% of Bir+% Edtts 0s overhead a d  8,siun) the d i  
between this awmt and 41.03% 6f ralkries end rages. 

nir 

; 
kc- 

I 

'9 

In regard to tha budget fw the coaing p a r ,  the CoIIeg* b 

' 

. . ,  P 
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O r .  C .  S .  Sh3up 
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Oopartaent of Biology 

lb rch  I ,  1958 

Or. Larry A. Whitford 
Dopartmont of Botany 
Olv is lon of  .Biolog)ca~ Scloncos 
School ef Agricu I t w o  
North Carolina Stat0 Collego 
Raloigh, N. C. 

Dear Or.  Whitford: 

I groat ly  f0gr.t that, duo t o  C8uSos anforreon in 
tho rp r fng  of  1957, I must Inform you that i t  w i l l  k 
i~posriblo for w t o  tako par t  In  the work which ptr 
h a w  planned undor a grant from tho Atomic Enorgy 
Coar i 3s ion. 

Durlng tho f i r s t  two months o f  th is  year my 
wife's hoal th has f luctustod, as a resul t  of a 
d i f f i c u l t  dolivery, to  such an oxtont that  my projoct  
o f  ro lovlng tho family to Raleigh f o r  the s w m r  now 
seem e n t i r e l y  mfeasablo. I haw urthorare 
oncauntorod d l f f i c o l t y  In  arranging the sumor% 
work to  be done under a grant from ho National ScIontx 
Foundation t o  b n l s i u s  b l l e g e ,  and for Which I am 
respons i b I e. 

lluch as I regrot having t o  stop out of  tho Morth 
Carolina project, I f l nd  that t h i s  move i s  nec=sitatod 
by both o f  tho above s i t w t l o n s .  I sincerely hope that 
you aro ab10 t o  repllC0 n wlth 8 sui table associ8teD 
and that the projoct  on tho ocology of Worth Carolim 
alga. w i l l  prow t o  bo a most succosrful and i n s t r u c t i n  
one. 

S Incoro f y Yours, 

s/ John L. Blua 
John L. Blum 
Professor o f  Biology 



RENEwHi PROPOSAL 
ON 

CONTRACT NO. AT=(40-l)-zlOO 
U. S. ATOMIC ENERGY COMMISSION 

RESErJSCH AND DElVECOPiBNT DIVISION 

It is p r o p s e d  t o  continue the study of t he  a lga l  flora of the smaller 

streams i n  t he  Piedmont and Coastal P la in  which was begun l a s t  tiugust. Streams 

from brook t o  creek i n  s i z e  will be given moat of the  attention. Mountain 

streams of similar s i z e  w i l l  be sampled t h e  coming summer f o r  t h e i r  f lo ra .  

is believed sampling f o r  a fu l l  calendar year  w i l l  be necessary i n  order t o  get 

It 

3 record of the  f l o r a .  

A more de ta i l ed  study of selected streams i n  each of the three geographical. 

a r eas  (Mountain, Piedmont, and Coastal P la in)  w i l l  be made. These s tudies  r i i l l  

be of an ecological nature,  u i t h  emphasis on t he  communities and t h e i r  dominants 

together  with a record of such important habitat fac tors  as l i g h t ,  water tempera- 

ture pH, chemical qua l i t y  o f  water, dissolved gases, etc. 

Special  a t t e n t i o n  w i l l  be given i n  spare time t o  cer ta in  problems such as 

the  taxonomy of fresh-water diatoms, and t h e  effect of current on stream algae. 

It is proposed t o  set  up a temporary laboratory a t  the Highlands Biological 

S t a t ion  for two t o  th ree  weeks i n  June and work on the  FIountain s t r e a m  from 

t h a t  point.. It is  believed tha t  considerable saving i n  both time and t rdve l  cost 

can be made i n  t h i s  way. 

It is  a lso  planned f o r  both invest igators  t o  work f o r  a few dcys on diatoms 

a t  the  Academy of Natural Sciences of Philadelphia. This will probably be i n  the 

fall or winter. 

Sc i en t i f i c  Personnel 

Senior I n v e e t i ~ a t o r r  Larry A. Whitford, Associate Professor of Botany, ii. C. 

Sta te  College (See or iginal  proposal f o r  biography and bibliography) 

Associate Inves t iaa tor t  John L. Blum, Professor o f  Biology, Canisius College 

(See o r i g i n a l  proposal for biography and bibliography) 



lllj .# ..,.I I . . .  1. .  

Budnet 

Salaries 
Senior Invest igat or  
Associate Investigator 
Labor 

Zquipne nt  
Misc, and expendable 

supplies and repairs 
Photographic materials 

Travel and per diem 
Total  Direct Costs 

Cverhead (8% of direct costs) 

Contributed by N .  C .  State 
College : Salary 

Total  

.$l, 500 . 
1;m ‘ 
200 

300 
So 

1.900 
5,450 

k36 

$8,786 
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Senior Investigator 

- 
H. T. Scofield 
Head of Botany 

I 

D. 8. knderson 
Head, Division of Biological Sciences 

R. L'. Loworn,  Director o f  Research 
School of Agriculture 

w 

- 
C .  H. Bostian 
Chancellor, N. C. State  College 



I 
Ofice Memorandam UNITED STATES GOVERNMENT 

TO : J, 'N. Ould, Jr., Ass i s t an t  General  Younsel DATE: June 12,  1957 

PROM : John 2. Yoore, Di rec tor ,  Contract  Div'lsiot? 

SYNlEOLt ACC:ESu 

P lease  prepare a nex c o n t r a c t  w i t h  North Carolina S t a t e  Col lege f o r  
a ?er iod of one 
a m u c t  of 
ves t iga to r  and inc lude  provis ions  f o r  compliance wi th  AEC Manual 
Chapter 7510, 
BM-57-360, dated May 17, 1957, i n  the  amount of $7,705. 

A Request f o r  Cont rac t  Act ion from t h e  Research and Developmat  
Division is enclosed f o r  your use, 

June 1, 1957, r & t b  A S  funds in t h e  
Iarry A. Yki t ford  as Seniar I+ 

This a c t i o n  is covered by Contract  Authorizat ion No. 

3x1 o sur es : 
1. zequest  f c r  Cont, Action 
2. "idget 
3. iiesume' 
h. Cont. Aut&, ?;bo BY--57-360 
5. i+oposzl 



I Form OR-569 (2/53) 

I Cha irman 

t 

REQUEST FOR CONTRACT ACTION (submit in  duplicate) 
I - 

1. 
I TO: J .  H. Nodre Contract Board. From: fies & Dev. D ~ v .  

It  IS requested that the Contract Board t ake  the necessary actlon to process the following described con- 
tract action in accordance with the prc?visions of Bulletin OR-OSrM-19: 

L 
- 

2. Nature of Action Requested 

Selectlon of New Contractor and 

North Carolina S t a t e  College Contractor: 
Raleigh, North Carolina 

Modificatlon of Contract I 
I Negotiation of Contract No. 
1 

, 0 Review and approval of Contract. Sub- (=I Other (Explain) 
I 

I conuact or Purchase &der. . 
Number: 

I Name: 

3. Nature of Services to be Covered by Conaact 
I 

. 
I Construction 0 Architect -Engineer c1 Other (Explain) Research 

I 4. Funding I Amount to be Obligated by this Contract Action S 7,705 .oo 

Source of Funds 
I 

I Approved OR0 Financial Plan. - Quarter. Fiscal Year 19- . 

O ? ! . Y .  1 9 s  Funds) 

l or, Activity No. 61 3 * Project No. i 

- % 0 Dated 5-/7- 5 7 .smLe&u4 # .  

----------L--------------.  

1 
I Concurrence in Funding Statemem (signed) 

Chief. Budget Branch 

I 5. Project or Acuvity to be Covered by Conuact Action: 

Estimated Cost of Work to be Covered by this Contract Action t 

8 
I Location of Work: Construction Directive No. 

I Schedule: Date Work to Start Estlmated Completion Date 
i 

I 

Description of Project or Activity: 

I 

(If more space is required use separate sheets and attach hereto:) 



6. Contract Board Docket 

I 
(If m a e  pace is required we separate sheets and am& hueto:) i 

I 

I 11. Contracts, Subcontracts, a Purchase Orders Submitted for Review and Approval: (Furnish brief d m p -  

None I 
tion of action in this space and attach pertinent documents) 

12. Disputes: 
Attach a statement summarizing the dispute together with pertinent doauntnu and Background 
M;rtULl. 

(If rnae space is required use separate sheets and attacb herem) 

io New contract f o r  a pe year beginning June 1, 1957, with AEC funds 1 
t 

I 

9. Description of 0th- changes to be covered by Modifiutioa: 

te Dr. Larry A .  Whitford as  Senior 

I 
i n  the amount of $'/,TO 
Inves t iga tor .  Include f o r  compliance w i t h  AEC Manual Chapter 7510. 

(If more space is r e q u d  use separate she4 and am& herem) 
1 

10. Negotiated Contracts. (Shcm wby it appears desirable to negotiate new contract or b aeg0ti.w 
rnodiflcation to existing contract) 

None 



BUDGET FOR NEW ~ ~ ~ ~ ~ C T  - DR. LARRY A .  UHImRD 
FOR PERIOD 6-1-57 - 5-31-58 

( ,) Salaries and !.,ages: 

D r .  L .  A .  Whitford ( 3  time for 9 mos. 
Full time f o r  3 ms.) 84,400.00 

Research Associate 1,500 .oo 
Labor 250 .oo 

a) Equipment: 

@)Overhead (41.03% of Salar ies  and &ages): 

$ 6,153.00 

2,159 -00 

2 5 23 35 

+- the project may receive additional support a s  outlined i n  
the Contractor's proposal to the =&- &$I 

The AEVs contribution t o  the above budget wi l l  be $7,705. 

" -' ",- 
I I -  - 

1 
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NORTH CAROLINA STATE C u m  
IXPARTMMT OF BOTANP 
RALEIGH, NORTH CAROLINA. 

Dr. Larry A. Whitftxd, RoJect Leader. 

SIUMES IN WE gcOLOCat OF ILRBSH..CLlT%R ALQU 
~ - _  IN NORTH CAROLINA. --- I ;.//G --------- 

. -  The #ontractor will undertake studies directed toword use of radlo isotape~ i n  (1) 
idcntlfylng the possible re la t lonsh lp  between phosphorw ccmpounds and phyto- 
plankton pulses in ponds and lakes; (2)  11511 s t u Q  the ecolog~r of stream alga/ 
i n  relation to habitat and incident l ight ,  s t r e u  f h ,  disso~ved ga-8, Bbenl8, 
and other factors, and (3)  will  study relatlonahlp of growth to stream CUrremt, 
including problem of diffusion gradient of nutrient and other r t e r l a l r .  

- .- ---- . ----- _-__ - - - - -  ----_I_____ 

- __. 

C. S. Shoup 
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Contract Authorization 100. B~47-360 
MAY 1 7 '9sT 

To : S. R Sapirie, M-ger 
oak Ridge Operations Office 

MvLsion of Biology and Hedlc 
FROM : C. W e  sh i l l ing ,  LD., Daputy 

s u ~ ~ ~ e r  : FvND AUTHORIZATION AND TRANSlIlTAL OF RESEARCH PROPOS 
CONTRACT NEXXYFUTION 

AM: 102/16 A P P m  CCTORER 7, 1953, AS IMP- BY MPIORANDW 
TO WS, OPERATIONS OFF'ICES, DATED OcPoBER 23, 1953, JOINTLY 
SIGNED BY THE DIRECTORS OF !l'EE DIVISIONS OF RESEARCH AND BIOLOGY 
m MEDICDJE. 

: 

"YMBOL : BIcg9:JNU 

The research proposal described below has been approved by the 
Division of Biology end Medicine, funds are available, and you 
are autborized and requested to negotiate a contract in 
accordance with the following terns and conditions: 

\ 4. (x ) l~ev Contract, ( Renewal of Contract NO. 

\so -tion: one year from date of contract 

6. AEZ Technical Mpreserrtative: 'Dr. Jdvl B. Wo& 

7. Rmde are authorized for the obligation of thi 
88 fOllOW8: 



-2- 

8. It is suggested that i n  the best in te res t s  of the government 
the following type contract be negotiated: 

It is requested that the t i t l e  t o  any capital  equlpnent pro- 
cured under t h i s  contract shall be vested with: 

Lumpsum 
L 

9. 

(X ) the contractor; ( ) the government. 

10. If radioisotopes are t o  be used in this research, it is re- 
quested tha t  the savings available t o  the contractor under the 
Radioisotope Research Support Program (Ref. AEC Manual Chapter 
7510) be considered in the negotiation of the amount t o  be 
funded under this contract. 

' 

U. Other comments: 

12. Security Requirements : 

In accordance with the provisions of ,Chapter 3403 of the AM: Manual 
and the requirements of the Declassification Guide, it has been 
detexmlned that the following security precautions should be taken 
i n  connection with the proposed research contract: 
Since there is essentially no chance forthe developme& of r e s t r i c t ed  
data, this project has been placed i n  Category I a s  defined i n  Chapter 
3403 of the AEC Lkunw1. 
13. Reports: 

\ 

(x ) Reports are t o  be required as provlded for by 
"Revised Guide for the Submission of Research 

U Proposals" dated February 8, 1954. 

( ) Specid  reports instructions are as follows: 

a c 1 0  .- BURS: (X ) "A" - Prop~sd., dated UNDATED (x ) "B" - Notification l e t t e r ,  dated - 
( ) "C" - Other correspondence, letters 

M s t r ibu t  ion : 

Addressee: Original ( w  encl.) Division File: Yellow copy (w encl.) 
pink copy (v/o e n d . )  

Branch File: White copy ( w  encl. ) 

1st copy (w e n d .  ) 
2nd copy (w encl.) 

White copy (w/o encl.) 
Program Analysis Branch: 

GPO 9 0 9 0 5 2  



N O R T H  C A R O L I N A  S T A T E  C O L L E G E  
F -  

S C H O O L  O F  A G R I C U L T U R E  R A L E I G H ,  N .  C .  

- f  

O r .  C. 5 .  Shoup, ChiJf 
Biol09y kanch 
Research and Oeve lopment 0 i v  i s  ion 
U. S. Atomic Energy Commission 
Oak Ridge, Tennersoo 

Dear 3r. Shoup: 

May 31, 1457 

Re: ORS:EMM 

itern I - 
The approximate f r a c t i o n  of t i m e  represented b y  each o f  the budget s a l w y  

f igures i s  given belor. 
s a l a r y  o f  the p r inc ipa l  invest igator  during the regu la r  school year. T h i s  
represents t i n e  to be spent in making collections and tak ing hab i ta t  data during 
autumn, winter and spring. These data are necessary to  complete the study on a 
year-round bas it . 

The e n t i r e  $2,900 item i s  approximately one-half the 

Budget A. E. C. 

Salaries 
Senior Invest igator  ( L .  A. Whitford) 

Fu I 

Assoc 
Fu I 

Lobor 

time, 3-mnths,  June, July an3 Augus: 

8 t e  Invest igator ( J .  M. W. Hayek) 
time, 3 months, June, July snd August 

(College studen-) 
Per hour, p a r t  time, a t  $1.00 t o  51.25 

Contributed by North Carol ina State b l l o g e  

Salary 
Senior Invest igator (L.  A. Whitford) 

Approximately orre-half t ime f o r  the months 
September through May. 
weekly. This represents l e t s  than half the 
CDiiege s a l e  th js Ti*. 

Estimate twenty hours 

‘ 2@ 

s 1,500 

1,5ClO 

250 

$2,900 



j,,, .,, ..,.t . I , 1 . I  

D r .  C. S .  Shoup, Chief  
May 31, 1957 
Pago Two 

I t  i s  e n t i r e l y  agreeable to us t h a t  the overhead r a t e  for  t h i s  proposal be a t  
t h e  'preva; l i n ~  r i t e  f o r  o thsr  kvernrn?nt  con+racts ,  which i s  41.03% o f  d i r e c t  personal  
serv ice cos t  i n  the p ro jec t .  Tho r a t e  you mention o f  45.36% was the r a t e  es tab l i shed 
by t h e  Government for  our overhead ccmdtat ;ons two years ago. This  proposal was 
coaputad on tho basis of 15% 0' t o t a l  d i r e c t  cost  r a t h e r  than the higher r a t e  on 
personal serv ice  cos t  w i l y .  These rates a r e  not  much out of l i ne  in r e l a t i o n  to 
each other. 

Yours very t r u l y ,  

L. A. W h i t f w d  
Associate Professor o f  a t a n y  

~ ~- ~ ~~ 

J. S. Vann, Susiness Mnnager 
tbrth  Carolina Sta te  College 
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% A RESEARCH PRCPOSAL 

For submisslon to the O i v i s i o n  o f  Research 

U. S .  Atomic E n e r g y  Commission 

T i  t l e  of  the pro.iect 

Studies i n  the Ecology o f  Fresh-water Algae i n  Nor th  Caro l i na  

l n s t i t u t l o n  and deDartment i n  wh ich  t h e  work would be done - 
Oepar tmen t o f  Botany, Nor th  Car0 1 ina S t a t e  Co I I ege, o f  the  Un i vers 1 t y  

of North Carolina 

S c i e n t i f  f c  backqround 

A reco rd  o f  t h e  flora o f  a reg ion,  together w i t h  da ta  on the n a t u r a l  f ac to rs  

a t f e c t l n g  I t s  abundance and d i s t r i b u t i o n ,  l s o f  fundamental s c i e n t i f i c  value. I t  

can a l s o  be o f  much p r a c t i c a l  v a l u e  i n  many f ie lds ,  among them the fo l lowing:  the 

choice and use o f  a g r i c u l t u r a l  lands, conservat ion o f  w i l d  I l f e ,  f u t u r e  set t lement  

and development. A knowledge o f  the ecology o f  aquat ic  areas, ITkewise, wl I !  be o f  

enormous va lue i n  the f u t u r e  i n  s t u d i e s  of f i s h e r i e s  b io logy,  water  use and con- 

serva t ion ,  and waste disposal .  In  order  p roper l y  t o  evaluate the e f f e c t  o f  wastes 

f r o m  atomic reactors,  and o t h e r  l i k e  i n s t a l l a t i o n s ;  as w e l l  ES those from l n d u s t r i a l  

and domestic sources, such s t u d i e s  a re  imperative. 

Aquat ic ecology has been neg lec ted  i n  comparison t o  the eco 

and t h i s  i s  p a r t i c u l a r l y  t r u e  o f  the southeastern Uni ted States. 

a s i n g l e  exhaust ive eco log i ca l  s tudy  has as yet  been made of  an 

ogy o f  upland areas, 

I n  t h i s  area no t  

n I and water area. 

A review o f  the f a i r l y  voluminous European l i t e r a t u r e  on fresh-water algae 

i n d i c a t e s  t h a t  most of i t  i s  f l o r i s t i c ,  and even i n  t h i s  f i e l d ,  the  number of re-  

c e n t  papers proves tha t  the f l o r a  i s  n o t  completely known. 

twenty years have eco log i ca l  s t u d i e s  become frequent. Most o f  these are on the 

phy top lank ton  o f  lakes. The number o f  papers on the ecology of stream algae i s  

s t i  I I  comparat lve ly  few. Two i n v e s t i g a t o r s  i n  the Er i t ish I s l e s  and perhaps a 

h a l f  dozen on the con t inen t  have con t r i bu ted  most o f  them. 

On ly  d u r i n g  the pas t  

I i f ( q 5 b - I  
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In t h i s  country Ilkewise, several hundred papers on the fresh-water a lga l  

f l o r a  have appeared but ce r ta in  groups have been r e l a t i v e l y  neglected. Only one 

a l g a l  f l o r a  of any lnland area of considerable s i ze  has been publlshed, (Prescott, 

1951). I n  the southeast, the fresh-water algae i n  North Carolina a r e  best known, 

but even in t h i s  s t a t e  c e r t a i n  groups have been incompletely investigated. A l -  

though near ly  900 species and v a r i e t i e s  are known t o  occur here, t h i s  i s  less than 

h a l f  the estimated t o t a l  f lora.  The local  species In ce r ta ln  groups such as diatoms, 

which are v e r y  abundant i n  s treams,are unknown. 

A few lakes i n  the United States have been, o r  a r e  being, studied intensively,  

T;ie c lass lc  studies begun by BIrge and Juday (1904-1938) on the Vsconsfn lakes 

and studies b y  many Invest igators on Lake E r i e  and a few other northern lakes and 

ponds are w e l l  known. The ecology o f  streams, however, and especia l ly  the a lga l  

e x l o g y ,  has been scarcely touched I n  t h l s  country (alum, 1956). 

Study of the fresh-water a lga l  f l o r a  i n  the southeastern s ta tes  began wl th  the 

exce l l en t  ear ly  paper o f  Bat ley (18511, b u t  f o r  the next 80 years, w i t h  two excep- 

tions, only scattered records of  species were made i n  papers from other  regions. 

Wol l e  (1884, 1887, 1894) reported many c o l  l ec t i ons  from the southeast, and Poteat 

(r883) publlshed a short l i s t  of  desmids from a s lng le  county I n  North Carolina. 

A i t e r  1930, l i s t s  o f  species and annotated l i s t s  w i t h  some notes on hab i ta t  factors  

became frequent, ( S i  Iva, 1948). The species of  c e r t a i n  taxonomic and h a b i t a t  groups 

e r a  now we l l  knawn. 

There are only two ecological papers on the f resh-water algae of the southeast, 

those of Schumacher (1956) and Whitford (1956). 

Almost nothing has been done on the f l o r a  and ecology of  streams, 

These facts  Ind icate the great need for  completion o f  f l o r l s t l c  studles and a 

cont inuat ion o f  ecological studies of f resh-water  algae i n  t h i s  region, As polnted 

out above, there can be no adequate fu ture evaluat ion o f  the e f f e c t  o f  radlat ion, 
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nor  the long-time e f fec ts  o f  any other natura l  factors  on b io log l ca l  populations 

w i thou t  a detaf led knowledge of today's populat ions and the habi ta t  factors bearlng 

on them, 

Work In Proqress 

The w r i t e r  o f  t h i s  proposal has a herbarium o f  over 3,000 personal co l lect ions 

of fresh-water algae made throughout the southeastern states. 

a re  from North Carol ina, 

phytoplankton of  lakes and ponds In the state. This study has been supported t o  

the e x t e n t  of about two thousand d o l l a r s  by North Car0 i n a  State College and the 

Ncrth Caro l ina Agr icu l tura l  Experiment Stat ion.  The f o r l s t i c  p a r t  of  the work i s  

- w a r l y  complete but  fur ther support of  a study o f  some of the lmportant habi tat  

i n c t o r s  a f f e c t i n g  phytoplankton is  needed, 

Most of the co l l ec t i ons  

He has had under way f o r  nea r l y  ten years a study of the 

Although several hundred c o l l e c t i o n s  from streams i n  North Carolina a r e  i n  the 

w . i t e r t s  herbarium, there has been no systematic c o l l e c t i n g  i n  streams, and only 

f i e l d  notes on d i s t r i b u t i o n  and hab i ta t  are a t  hand. 

streams, except general co l lect ing,  has been the preparation of  about one hundred 

The only work so f a r  on 

permanent diatom S I  ides. 

L i  terature Related to the Proposa 

In  the bibl iography below, two excel lent  recent r e v  ews of l f t e r a t u r e  are c i t e d  

1rkstead o f  a lengthy l i s t .  These are the reviews o f  Prescott  (19561 and of Blum 

( 1956). L f  terature on the fresh-water a lgae i n  the southeast, most of i t  taxonomlc 

o r  f l o r i s t i c ,  i s  c i t e d  by Ind iv idual  papers. 

Abbott, W. 1957. Unusua 1 phosphorus source f o r  phytoplankton algae, Ecology 

* Blum, J, G. 1956. The ecology of  r i v e r  algae. Botanical Revlew: 22t 291-341 

Hutchinson, G. E. 

38: 152. 

1944. C r i t i c a l  examination of the supposed re la t ionship betweet? 
phytoplankton per fod ic l  t y  and chemical changes I n  lake waters, 

; I :! q iJ /J q 
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S c i e n t l f l c  scooe of  the proposed research 

Durlng the f l r s t  summer i t  Is proposed t o  study ( 1 )  the poss ib le  re la t ionshlp 

between phosphorus compounds and phytoplankton pulses. There I s  laboratory evidence 

for  such a re la t i onsh lp  (Rhode, 1948), but data f rom f l e l d  s tud ies are Inconclusive. 

Hutchinson (1944) has reviewed t h i s  problem. There Is recent evidence (Abbott, 1957) 

t ha t  complex polyphosphates i n  col l o l d a l  matter In  suspenslon may be d l r e c t l y  avail- 

able t o  phytoplankton organisms, Therefore, i t  i s  planned t o  sample both soluble 

and adsorbed phosphorus compounds i n  a t  least  four  ponds o r  lakes a t  weekly In te rva l s  

and t o  t r y  t o  r e l a t e  changes i n  ava i l ab le  phosphorus t o  va r ia t i ons  in phytoplankton. 

A t  least two Coastal P l a i n  ponds, where c o l l o t d a l  mater ia ls are low, and two Pied- 

mont ponds, where c lay  c o l l o i d s  are abundant, w i !  I be sampled. Phytoplankton counts 

w i l l  be made a t  weekly intervals.  I t i s  planned t o  have the phosphorus analyses done 

on a fee basis since th i s  w i  I I  be cheaper. 

As pointed out by Ruttner (19521, "Of great i n t e r e s t  both t h e w e t i c a l l y  and 

p r a c t l c a l l y  1s the question, much discussed recently, o f  how a lake reacts t o  changes 

In  i t s  nu t r i en t  spectrum, **** lnvest lgat ions of t h i s  s o r t  give hope f o r  deep ln- 

s i g h t  I n t o  the material mechanism of  our lakes, e n t i r e l y  apart from t h e i r  s:gnIffcmce 

f o r  f l ~ h e r l e s . ~  The proposed study could we1 I prove o r  dlsprove the phosphorus theory. 

During the f i r s t  year i t  I s  also proposed (2) to f i n i s h  c o l l e c t l n g  data on the 

spacles and seasonal re la t i ons  of phytoplankton o f  fakes and ponds tn the s tate and 

t o  prepare the material f o r  publication, Work has been I n  progress on t h i s  communlty 

1 j 2 r, f; 1 ti. 
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over  a p e r i o d  o f  ten years, bu t  a l i t t l e  more data on ponds and lakes i n  the upper 

Piedmont and b u n t a i n  areas a re  needed, 

and e a r l y  summer. I t  i s  not to be presumed t h a t  such fundametal problems as the 

reasons f o r  va r ia t i ons  i n  p r o d u c t i v i t y  have been solved, nor t h a t  accurate f tgures  

on the  annual crop o f  the p r i n c i p a l  lakes and ponds are a t  hand, There are  enough 

da ta  t o  make an eco log ica l  c l a s s i f i c a t i o n  of  t h e  lakes and ponds of the  s t a t e  and 

compare t h e  s tanding crop a t  d i f f e r e n t  seasons ( t h e  curve o f  numbers) w I t h  t h a t  o f  

lakes and ponds In other p a r t s  of t h i s  coun t ry  and In  Europe. I t  Is  hoped t h a t  

these da ta  w i l l  throw s a  l l g h t  on the  more fundamental problems of aquattc ecology. 

These data w l  I I be taken du r ing  the  s p r i n g  

An I n v e s t i g a t i o n  o f  ( 3 )  the ecoloav of stream a l m e  will be s t a r t e d  by s e t t i n g  

up samp I I n g  s t a t i o n s  for a s tudy o f  t h e  a I ga I f l o ra  of the  smal l e r  streams o f  the 

Coasta l  P l a l n  and Piedmont, Three streams (two brooks and a small creek)  In  each 

r e g i o n  w \  I I be studied, The summer f l o r a  can be recorded end a s t a r t  made i n  

measuring such important h a b i t a t  f a c t o r s  as temperature, Inc ident  I Ight, stream flow, 

and pH, Since t h e  a l g a l  f l o ra  changes markedly w i th  the season, s tudy of the f l o r a  

wl I I be cont inued dur ing the whole o f  the f i r s t  year. A more d e t a i l e d  s tudy o f  the 

h a b i t a t  fac  ors i nc lud ing  such things as d i sso l ved  gases, minerals, e tc .  w i l l  have 

to  w a i t  unt I the second summer. I t  w i  I I not be poss ib le  t o  do more than a l i t t l e  

p r e l  Iminary sampllng of streams in the Mountain area during the f i r s t  year. 

w i  I t  be the  f i r s t  such study i n  the southeast  and apparently t he  second for  the 

U n i t e d  States. (Blum, 1953). 

This 

From t h e  s tudy I t  i s  be l ieved t h a t  Improved methods f o r  est imat ion of  the 

s tand lng  crop as we l l  as for  the  t o t a l  p roduc t l on  i n  streams w 1  I I be worked out, I t  

i s  hoped t h a t  a t  least  a comparison between the p r o d u c t i v i t y  o f  the very numerous 

l o t l c  (or running-water) h a b i t a t s  w I t h  the  much less numerous but general l y  larger  

l e n i t i c  ( s t l  I l -wa te r )  hab i ta t s  can be made. Perhaps a p a r t l a l  s o l u t i o n  o f  some of 
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the problems r e l a t i n g  to a l g a l  communltles, such as types of  comnunitles, and 

successional re la t ionships,  can be achieved. Deta i led knowledge o f  the stream f l o r a  

of t h i s  reg ion  w i  I I be gained, and such problems as the r e l a t l v e  p r o d u c t i v i t y  of 

s w i f t  and slow streams, a matter now I n  question, w i l l  be solved, 

Work Is already In  progress on the e f f e c t  o f  current  on the qrowth o f  stream 

atqae. 

in streams, bu t  It i s  apparently l i t t l e  understood and o f ten  neglected In  llrnnologlcal 

studies. Evidence of increased growth In runnIng water has already been obtalned. 

f u r t h e r  work Is planned on the e f f e c t  o f  current  on the d i f f u s i o n  gradient between 

an organlsm and t h e  surrounding water. 

study 1s conternpleted. 

be made. I t  i s  hoped t h a t  a current meter c8n be developed to measure speed of  

movement wi th in  one m l l l l m e t e r  of a p l a n t  surface. Most of the invest igat ion of 

th is problem w i l l  be done i n  the l a b r a t o r y  dur lna the regular school year, 

The e f f e c t  o f  c u r r e n t  I s  general l y  recognized as an important hab i ta t  factor  

The use o f  radio-act ive mater ia ls  In  t h i s  

Oetermlnatian o f  the c r i t i c a l  speed o f  water movement w i l l  

AS Blum (1956) has sald, "The f a c t  that  algae colonlze so dangerous a habi ta t  

as f lowing water suggests t h a t  they can be provided sornethtng unique l n  t h l s  habitat. 

**** The explanat ion f o r  the Improved growth I n  r a p i d  water has proven elusive, how- 

ever," The apparent f a c t  that running water produces a steep d l f f u s i o n  gradient may 

prov lde t h i s  e lus ive explanation. 

shou Id be fo r  thcoml ng. 

From t h i s  study adequate proof f o r  t h i s  theory 

I f  the p r o j e c t  fs continued durlng the second and t h i r d  years, I t  f s  planned 

t o  s tudy the a lga l  f lora of severa 1 Mountarn stream, make a more detal  led study 

of the h a b i t a t  f ac to rs  fn e l l  streams under Invest igat ion and i f  posslble, study 

+he phytop!ankton o f  three o f  the larger r i v e r s  i n  the state, 
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s c i e n t  I f l c  personne I 

Senior Invest iqator:  Larry  A. Whi t f o rd ,  Ph.O., Associate Professor of b tany,  

North Carol ina S t a t e  College. 

l imnology and hydrobiology. 

Twenty years experience teaching aquatlc botany, 

Wide f i e l d  experience co l  l ec t i ng  aquatic p lants  I n  

t h i s  s t a t e  and the southeast. 

One summer c o l l e c t i n g  possible drug plants, f o r  the Bureau of P lant  Industry, 

Unl ted States Oepartment o f  Agriculture, 1934, 

l a s t  war w i t h  the United States Publ lc  Health Service, Malar ia Control In War 

Areas fn North Carolina, Louisfana and MISS!SSIPP?~ 1943-45. 

Two and one-ha1 f years dur ing the 

Lecturer In  Hydrobiology a t  the Mbuntaln Lake Blo log ica l  Laboratory o f  the 

U n i v e r s i t y  of Virginia,  1952, Research AsSOClate a t  the Unlversi t y  of F lo r l da  on 

a Naval Research Grant f o r  the study o f  F l o r l d a  spr ings and spr lng streams, 1953, 

One summer w i t h  the North Carolina Agr i cu l tu ra l  Experiment Stat ion on a study of  

the phytoplankton of f e r t l  I i red and u n f e r t i  I i r ed  ponds. Consultant for  many years 

f o r  several s t a t e  agencies on the con t ro l  o f  a lga l  nuisances. 

Author o f  n lne papers on the  fresh-water algae of the region, and another 

paper and a l e a f l e t  on other phases o f  aquatic botany. 

Fel low, A.A.S., Vice President, The Phycologica I Society of America, member of 

American Society o f  Limnology and Oceanography, Ecologlcal Society, Botanical Society 

of  America, American Microscopical Society, North Carolina Academy o f  Sctence, 

F u l l  t l m e  would be devoted to the p r o j e c t  dur ing the months o f  June, July and 

August. Spare time only  would be used du r lng  the school year since he i s  a f u l l -  

tlme teacher, i n  the past, f i v e  t o  ten  hours per week have been devoted t o  

s i m i  lar studies, 
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Profess iona I B i  b l  iography of 

L.  A. Whi t fo rd  

Wh i t ford,  L .  A. 1929, The a lgae o f  

t hes i s  Nor th  Carol ina S t a t e  CO 

1936. New and l i t t  

E l  isha Mf tchel  I Scl. SOC. 52; 

Lake Ra l e i  gh; an eco log ica l  Study, A. S. 

lege, (unpubl shed) pp 1-60, PI. 16. 

e known a 1 gae f rom North Caro I ina . Jour. 

93-98. 

1938. A new green alga: Oedocladium Lewis l l .  Bui. Torrey Bot. 

Club. 65: 23-26. 

1941, The f resh-water algae of Nor th  Carol ina, (Ecology). Abstr. 

Doc. Dis. Ohio Sta te  Unlv. pp 1-7. 

1943, The fresh-water algae of Nor th  Carol ina. Jour. E l l sha  

Mi tche l  I Sci. SOC. 59: 131-170. 

1947. A study o f  some a l g a l  pigments. Jour. E l i sha  M i t c h e l l  Scl. 

SOC. 63: 155-162. 
a l 5 s c  

1950. Some fresh-water from Miss iss lpp f .  Castanea 15: 117-123. 
f l  

1951, (Revised 1955) Weed control In fa rm ponds. Mimeographed 

l e a f l e t .  pp 1-5. 

1956. The communities o f  a lgae i n  t h e  sp r lngs  and s p r l n g  streams 

of F lo r lda .  Ecology 37: 434-442. 
a $ G I  

1956. Addi t lons t o  t h e  f r e ~ h - w a t e r ~ l n  Nor th Carolina. Trans. Amer. 

Mlc. SOC. 75: 196-203. 

1956. A theory on the fo rmat ion  o f  cypress knees. Jour. El i sha  

M l t c h e l l  Sci. Soc,  72: 79-83. 
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Richard E. Norr is ,  Ph.D. I n s t r u c t o r  i n  Botany, 

Un lve rs l  t y  o f  Minneapol Is, Minnesota. 

Several years experience teaching taxonomy of fresh-water algae. 

Research i n  c u l t u r i n g  and r a d i a t i o n  experiments on algae, f lagel l a t e  algae 

of M i  nneso ta. 

Two pub I i ca t i ons : 

Journal o f  Experimental 80tany. 61 64 

Univ. C a l i f o r n i a  Pub. Botany 28; 251 

O r .  N o r r i s  would devote f u l l  time to the p r o j e c t  dur lng  the  months of June, 

Ju l y  and August and p a r t  tlme dur lng the fo l l ow ing  school year to prepare mater ia l  

f o r  pub1 ica t lon .  

Should O r .  N o r r i s  be unable to  accept the p o s i t i o n  as Associate Investlgator, 

the f o l  lowing i n v e s t i g a t o r  can be obtained: 

Assistant Inves t iqa tor ,  John M. W. Hayek, M.S., Teaching Ass is tan t  and Graduate 

Student, S t a t e  U n i v e r s l t y  of Iowa, Iowa City, Iowa. 

Graduate Assistant and Lecturer i n  Biology, U n i v e r s i t y  o f  Toledo, 1952-533 

Research Assistant, 1954-55j Teaching assistant, 1955-563 Sta te  Universi t y  o f  Iowa. 

D i d  research I n  botany on B research g ran t  a t  Stone Laboratory o f  Hydrobiology, 

o f  the Ohio Sta te  University summers of 1953 and 1954, and took courses i n  f resh-  

water algae and aquat ic  f lowerlng plants. 

A t  present  finishing work toward Ph.D. a t  S ta te  U n i v e r s i t y  o f  Iowa, Iowa Ci ty ,  

Iowa. 

Has had a t  l eas t  one year's experience each ? n  teaching genera I Bofany and 

morpho logy of the  a I gae. 

; 0 L-- q 1 o r l  i d  
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Mr. Hayek has one p u b l i c a t i o n  ( w i t h  R. M, Hulbary l r  

Hayek, J. M. W .  and Hulbary, R. l.. 

Proc. Iowa Acad. Scl. 63: 327-338. 

1956, A survey of s o i l  diatoms. 

Consu I tant ( f i r s  t year 1 Assoc i a t e  1 nves t i  qa t o r  (second and th  i r d  years) 

John,L. 61um, Ph.0. Professor  of Blology, Canis ius Cot lege, Buf fa lo ,  New York 

Leadlng i nves t i ga to r  i n  t h l s  c o u n t r y  of stream algae. 

Author of n lne  papers and j o in t  author o f  another on the  taxonomy and eco 

One of these papers Is a comprehenslve rev iew of t h e  ec of fresh-water algae. 

of  r i v e r  algae, on a world-wide basis. 

Pro fess iona l  b l b l  lography of John L. 6lum 

Blum, John L. 1951. Notes on the  Vaucherfaceae w i th  p a r t i c u l a r  re ference to 

western New York. 6ul. Torrey Bot. Club. 78: 441-448. 

1953. The Ecology o f  algae growing i n  the  Sa l i ne  River, Michigan 

w l t h  spec ia l  re ference t o  p o l l u t i o n .  Doc. Thesis, Univ. Michigan. 

1953. The racemose Vaucheriae wi th i n c l i n e d  or pendent oogonia. 6ul. 

Torrey Bot. Club. 80: 478-497. 

1954. TWO w I n t e r  diatom communities of Michigan streams. Mich. Acad. 

Scl. A r t .  Let. 39: 3-7. 

1954. Evldence for a d l u r n a l  pulse in stream phytoplankton. Science. 

I 198 732-733. 

1955, A new marine Vaucherla from Aust ra l ia .  Amer. Jour. Bot. 

42: 713-717. 

1956. Zygnemataceae of western New York. Mich. Acad. Sci., A r t .  

Let. 41: 3-19. 

1956. The a p p l i c a t i o n  o f  the  cllmax concept to a l g a l  communities of 

streams. Ecology 37: 604-605. 
I '  ' (.i i.cl [j [j i ":. I C  
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elum, John L. 1956. The ecology of river algae, bt .  Review 22: 291-341. 

and Conover, J. T. 1953. New or  noteworthy Vaucheriae from New 

England s a l t  marshes, 6 io l .  Bul. 105: 395-401, 

In addi t l o n  t o  the s c l e n t l f  i c  personnel mentioned above, the services of 

q u a l l f l e d  chemfsts i n  co l lege o r  s ta te  laborator ies would be obtained on a fee 

basls f o r  phosphorus analyses, Invest igat ion has ind icated t h i s  i s  the cheapest 

method of obta ln lng such analyses. 

Other Personnel would include o n l y  p a r t  t lme undergraduate assistants to clean up 

laboratory, wash g.!assware, index co l  lect fons and the I ike. 

Other f i nanc fa l  assistance. None from non-universi ty or  federal sources, 

Materials, equipment and fac t  I i t l e s  furnished by North Carol ina State College: 

Adequate laboratory and working space. Over 600 sq. feet  on a year-round 
basis and unl imi ted space i n  summer. 

Photographic laboratory and darkroom w i t h  equipment worth $4,000. 
Spencer research microscopes wl th achromatic lenses. A I  I required. 
Spencer Model 370 mlcroscope lamps. 
Camera I uc Idas, 
Graf lex and Leica cameras and equipment. 
E 1 ec tr i c  cen tr i f uges. 
Ekman dredge. 
Oxygen samp lers. 
Plankton and dlp nets. 
Surber stream sampler. 
Secchf l i g h t  penetrat ion apparatus. 
Wa t e r  t e  lescopes 
Wes ton photometers f o r  Inc ldent I 1 ght measuremen t. 
Coleman pH electrometer, 
Photospectrometer 

together w l t h  most of the necessary smal 1 equipment such as 
thermometers, f i e l d  pH sets, and the l ike.  

Travel and other Items Considerable t rave l  w i l l  be involved because of the d l v e r s f t y  

of  a lga l  f l o r a  which i s  r e l a t e d  t o  the geology of the state. There i s  a marked 

d i f f e rence  between the Coastal P l a i n  .and Piedmont regions and enough va r ia t i on  

w i t h i n  each region t o  make i t  necessary to locate sampling s tat ions many miles apart. 
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The na ture  o f  the microscopic f l o r a  makes i t  necessary to t r a n s p o r t  most of the 

col l ec t fons  t o  a permanent labora tory  fo r  study, and the r a p i d i t y  w i t h  which the 

f l o r a  changes character  dur ing  the  season makes i t  necessary t o  sample a t  f a l r l y  

f requent  l n t e r v a  Is. 

The three major items of equipment i n  the  budget ere: 

Several storage cabinets. These are necessary because of the numerous small 

I tems of equipment, and large number o f  pleces of glassware needed, and for  

the s torage of the numerous col lec t lons.  ($500) 

A s e t  of apochromatic lenses and a r ibbon- f  1 lament lamp. These are  necessary 

because the dlatoms, the major group of organisms I n  the  stream study, requ l re  

the b e s t  o f  o p t i c a l  equipment for t h e i r  i d e n t i f i c a t i o n .  ($600) 

A por tab le,  smal I boat w i t h  a I i g h t  boat t r a i  l e r  and motor a r e  an obvious 

necess l ty  f o r  lake and stream sampling. ($500)  

1. 

2. 

3. 

Budqe t 
F i r s t  
Year - Th i r d  

Year - Second 
Year 

Sa l a r  i es  
Senior I nves t i ga to r  
Associate Inves t iga tor  
Labor 

$1,500 
1,500 

250 

$1,500 
1,500 

250 

Equ i pmen t 
Boat and motor 
Boat t r a i l e r  
Op t i ca 1 equ i pmen t 
Storage cab i nets 
Misc. & expendable 

suppl ies  & r e p a l r s  
F le Id equipment 
Photographic mat1 Is, 

350 
I50 
600 
500 

200 
300 
50 

200 

50 
3 

200 

50 
- 

Trave l  f-b 1,300 2,000 

Over head 1,005 82 5 825 

$7,705 $6 , 325 $6,325 
Cont r ibu ted  by North Car0 I i n a  

S t a t e  Col1ege;Salary 

From Facu I t y  Research Fund 

Tota I 
I: i I  2 q +. 

i f r: L: I: u pr: 
$ IO, 805 $9,225 $9,225 
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