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IN'IRQOOCTION 

The purpose of t his manual is to outline specific procedures to be used when 

conducting herring aerial surveys and to identify problems involved in 

interpreting results . Management of the eastern Bering Sea Pacific herring 

resource is largely based upon information obtained through aerial surveys. 

Ic is important, therefore, that methods usea in conducting and assessing 

results of such surveys be standardized for i ndividual commercial fishing 

districts within this large geographic area, especially since surveys in the 

same district may often be flown by aifferent observer s . 

Aerial surveys must be incegrated with test fishing , catch sampling ana 

spawning substrate studies to previae a basis for management decisions . 

Aerial surveys are also to be used to provide information on capelin which may 

become tne focus of future commer cial fishing ventures . ~lost capelin 

information will be obtained wring r outi ne herring surveys. HONever, it will 

be necessary to obtain biomass conversion factors , if actual abundance ot 

capelin is to be estimated. 

Various problems exist in using aerial surveys t o assess herring abundance : 

1. species composition of schools obser ved duri ng surveys is sometimes 

questioned and often not confirmea througn test fishing ; 

2. sur vey coverage is often limited by adverse weather, poor water clarity 

and lack of funcling; 
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3. movement patterns of herring schools prior to, during and after spawning 

are not kno,m; therefor e, since schools could be enumerated more than 

once, only the peak daily survey can usually be used as the season • s 

bianass estimate ; 

4. spawning herring (observed as cloudy areas of milt) are recorded as 

"miles of spawn," but t his information cannot be used i n calculating 

relative abundance or biomass (i . e. only schooled her ring can be 

counted); 

5. few determinations have oeen made rela~ing school surface area to 

bianass (i.e. 19 estimates nave been made i n Bristol Bay ; only six of 

these were basea on actual landing of captured herring); 

6. behavior of herring in relation to various physical (e . g . water oepth, 

time of day, etc. ) and physiological (e . g. sexual maturity, spawning 

condition, etc.) factors are not known and could affect survey and 

bianass conversion results . 

Analysis of aerial survey results shoula be done with these shon:cornings in 

mina. Special effort shoula be made to solve sane of these problems. It will 

be particularly important to schedJl e as many surveys as possible during t:.he 

season, to sample several schools of questionable species composition through 

coordination with ADF&G ~est fishing crews, and to ob~in more es~imares of 

bianass per surface area of fish school (in Security Cove and Norton sound as 

well as Bristol Bay). 

This manual is subject to r evision pending refinement or development of 

techniques and procedures. 
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(BJECI'IVES 

Specific objectives of herring aerial surveys are to: 

l. determine seasonal distribution and relative abundance of herring 

schools and spawn within each fishing district; 

2. estimate the biomass of schooled herring by converting surface area 

estbnates to short ton equivalents; 

3. determine species composition of fish schools sighted by working with 

test fishing crews; 

4. compare the accuracy and repeatability ot aerial surveys; 

5. document movement of herring schools in relation to time of day ana 

stage of tides; 

6. estimate commercial fishing effort (and effort distribution) for tne sac 

roe, foodjbai t and roe on kelp fisheries; and 

7. develop new techniques for accurate biomass assessment. 

Approximate dat.es for survey coverage are indicated with index area map:; 

(AJ;f>endix I). 
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S'IUDY AREA 

I. Bristol Bay - Togiak Discrict (15 April - 15 June) 

A. Ku1ukak Section 

1. Nushagak 

a. Cape Constantine to Kikertalik Lake (NJ5-l). 

b. Kikertalik Lake to weste r n spit of Tvativak Bay 

(IDS- 2). 

2. Kulukak - western spit of 'IVativak Bay to f1etervik Bay Point 

(KUK- 1). 

3 . ~1etervik - ~tervik Bay Point to Right Hand Point (t·lET-1). 

B. Nunavachak Section 

1. Nunavachak - Right Hand Point to Ongalikth1uk Point (NVK-1) 

2. Unga1ikth1uk - Unga1ikth1uk Point to Anchor Point including 

S~t Island (UGL-1). 

C. Togiak sect ion 

1. Togiak - Anchor Point to Togiak Reef (TOG-1) . 

2. 1ongue Point - Togiak Reef to Tongue Point (TNG- 1) . 

D. Hagemei ster Section 

1. Motogak - Tongue Point to Est us Point (Mffi-1) • 

2 . Osviak - Est us Point to Nor sernan Lake (ffiK -1) • 

3. Pyrioe Point - Norseman Lake to Tokomarik Point (PYR- 1) . 

4 . Cape Newenharn - Tokomarik Point to Cape Newenharn (Oi- l). 

5 . Hagemeister Island (HAG-1) . 
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II. Kuskokw irn ( 1 May - 20 June) 

A. Security Cove District. 

1. Seo..tri ty Cove - cape Newenham to Pinnacle Rock (SC) • 

2 . Olagvan - Pinnacle Rock to Salmon River (CGl). 

3. South Red Mountain - Salmon River to valley between 

'Ihorenson Nt. and Red Ht. (SRM) . 

B. Goodnews Bay District 

1. North Red I•Iountain - valley betwen Thorenson Nt:. and Red ~1t: . 

to Seattle Creek (NRN) • 

2. Goodnews Bay Entrance - Seattle Creek to south edge of 

Nanvakfak Lake (GBE) • 

3. Goodnews Bay - all water of Goodnews Bay (GB) • 

4. Carter Bay - south edge of Nanvakfak Lake to north point of 

Carter Spit (CB) . 

C. Jacksmit.h Bay Area 

1. Cripple Creek South - north point of car ter Spit to Cripple 

Creek (CCS). 

2. Cripple Creek Nor t h - Cripple Creek to Jacksmitn Point 

(CCN) • 

3. Jacksmith Bay - Jacksmit.h Point to Quinhagak (JSB). 
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D. Anogok Area 

1. Ishkowik - Ishkowick R. to Kwigillinok (ISH) 

2. Kwig - Kwigillingok to Cape Avinof (~~) . 

3. Kinak Bay - Cape Avinof to Kinia River (KB) . 

4. Koavinarak River - Kinia River to Kolavinarak River (KR). 

5. Chinigyak Cape - Kolavinarak River to Olinigyak Cape (CC) . 

E. Nelson Island District 

1. Kangirlvar Bay - Chinigyak Cape to Umki.IDliut (KGB) . 

2. Cape Vancouver - Umkumiut to Talurarevuk Pt. (CPV). 

3. Tanunak Bay - Taluva.revuk Pt. t o Nilikluguk (TAB) • 

4. Nilikluguk - Nilikluguk to the tundra flats (NLK). 

5. Kigigak- tundra flats to Kig igak Islan~ (KIG). 

F. Nunivak Islano District 

1. Ingrurniut - Dunulimj ingia Pt. to Twin Nt. (IN3). 

2. Cape Corwin - Twin l•lt. to Cape f.iendenhal (CQ->7). 

3. Binajoak - Cape l•1endenhall to Jayalick River {BIN). 

4. Bluff - Jayalik R. to Cape l"JOhican (BLF). 

5. Mikisag - Cape l'lonican to Cape Algorxauin (HIK) 

6. Abaramiut - Cape Algonquin to Kikartik Rock (ABA). 

7. Mekoryuk - Kikartik Rock to Dunulimjingia Pt. (~1EK). 

III. Yukon 

A. Cape Rananzof District (20 l'olay - 1 July) 

1. Kokechik Bay - all waters of Kokechik Bay (KB). 

2. scarrrnon Bay - Cape Rananzof to Kun River (S3) • 
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rv. Arctic 

A. Norton Sound District (15 ~ay - 15 July) 

1. Klikitarik - cape Stebbins to Spruce Creek (including Stuart 

Island) (KIK 1 & 2). 

2. Unalakleet - Spruce Creek to Junction Creek (ONK). 

3 . Cape Denbigh - Junction Creek to Island Point (CD) • 

4. Norton Bay - Is1ana Point to Kwiniuk River (NIB) • 

5. Elirn - Kwiniuk River to cape D:l.rby (ELM). 

6. Golovin - cape D:l.rby to Rocky Point (OOL) • 

7. Nome - Rocky Point to cape Douglas (BLF 1 & 2, N:>~l, SIN and 

~~L) • 

B. Port Clarence District (1 June - 15 July) 

1. Port - cape Douglas to N. W. shore of Brevig Lagoon (PI'C) • 

2. York - N. W. snore of Brevig Lagoon to cape Prince of Wales 

(YOR). 

c. Kotzebue District (1 June - 15 July) 

1. Shishmaref - Inlet and coastal waters fran cape Prince of 

Wales to cape Espenberg (SHI). 

2. Circle - cape Espenberg to Good'lope River (CIR) 

3. Deering - Goodnope River to Garnet Point (DER). 

4. Kotzebue - Garnet Point to Pipe Spit (KOZ). 

5. Hotharn Inlet - all waters of Hotham Inlet fran Pipe Spi~ to 

Nimiuk Point (Har) . 

6. Sheshalik - Pipe Spit to cape Krusenstern (SiE). 
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ME'l'HOOS 

I . filuipnent 

A. Polaroid sunglasses 

B. Sighting tube with calibrated grid 

C. Survey index maJ:S 

D. Dicta'filone and cassettes (optional) 

E. Clinometer 

F. Survey data forms: Herring Aerial Survey SUil'll'llar:y, Herring Aerial 

Survey District Summary, Herring Biomass Conversion Estimate 

Worksheet , ana Herring Biomass Conversion Estimate Summar y 

(AWendix II) . 

G. Pencils 

H. watcn 

I. Stop watcn 

J . Photogr:atru.c equipnent (as required or optional) 

II. Assessment of Herring School Size 

A. Record the size, location and observation angle of all fish 

schools sighted on survey maps classifying each school or groups 

of schools to appropriate water depths. 

1. water aepths of 16 ft (5 m) or less . 

2 . water depths between 16ft (5 m) and 26ft (8 m) . 

3 . water aepths greater than 26 ft (8 m) • 
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B. All fish schools sighted during surveys will be enumerated 

according to size category or actual surrace area. 

1. Small - surface area less than or equal to 538 ft2 (50 m2). 

2. Medium - surface area greater than 538 ft2 (50 m2) but less 

than or equal to 4, 841 ft2 (450m2) • 

3. Large - surface area greater than 4,841 ft2 (450 m2) -every 

effort should be made to estimate actual surface area of 

every large school sightea rather than simply recording tnem 

as "large". 

c. Several techniques can be used to help estimate school surface 

areas. 

1. A sighting tube with a grid of known focal length should be 

used to provide a reference scale to estimate fish school 

surface area {Appendix III). 

a. The grid can be calibrated for any survey altitude, 

when length of the grid reference line (L), focal 

length of tube (F) , and survey altitude (A) are known, 

by using the equation: 

x = ground distance covered by reference line = 

A (I/p) • 
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b. Resulcs of calculations for six different survey 

altitudes are presented in Appendix III . An altitude 

of 1500 feet is recanmena:d. 

c . Use of the grid is i~rtant, particularly for large 

schools. 

d. For elliptical shaped schools, maximum length and 

maximum width will provide a rough estimate 

(over-estimate) of surface area; for irregularly 

shaped schools (U- shaped, long wavy bands, etc.) 

measure length and width of separace sections and 

c<lilbine for a total estimate. 

l. Fly directly over each school to achieve best 

length ana wiath measurements. 

2. When scnools are off the flight path utilize a 

clinometer (Appendix IV) and altitude conversion 

taoles (Appendix V) for calculating scnool size 

aajusument factors. 

3. Record the clinometer reading angle on the 

survey maps for all fish schools signtea off the 

tllghC path. 
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4. Calibrate eye to known ground references and use 

vessels, nets, islands, coast, e~c., as size 

scales when schools are nearoy . 

5. Aircraft airspeed can be used to get a rough 

measure or ex~remely long schools tnat either 

extena o~ishore where size reference points may 

not oe available or along the shore where no 

lananarks to guage distance are available . 

a. Use a stopwatch to determine the time 

neeaea to traverse the length of the 

entire school (t he sigh~ing tube may be 

sufficient to estimate wiath) at a 

constant , pre-determined , airspeed and 

calculate the school lengtn and area by 

using the equations: 

L = SCT where: 

L = school lengtn, 

S = airspeed (kts, mph, km,/h), 

C = constant - ft/sec (1 kt = 1.69 ft/sec ; 

1 mph= 1 . 47 f~/sec ; 1 km = 0. 91 

ft/sec), 

T = ~irne to fly length of school (seconds) 
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then: 

A = I.W where: 

A = area, 

L = length of school, 

W = width of school. 

Example: If it takes 75 seconds to traverse a 

school at 130 kts (150 mph, 240 km/h), with an 

average width of 100 ft, the school length is 

16,478 ft and the area is 1,647,800 ft2. 

L = 130 kts x 1.69 ft/sec x 75 sec = 16,478 ft 

A = 16,47~ ft X 100ft= 1,647,800 ft2 

Conversion Tap1e 

1 kt = 1.15 mph; 1.85 km/n 

1 mph = 0.87 kt; 1.60 km/hr 

1 km/h = 0.54 kt; 0.62 mph 

b. To ootain an accurate measure of school 

length, actual aircraft speed in relation 

to the ground must be known. This 

requires the use of vector arithmetic, 

i.e. you must know wind speed and 
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direction . Since this is usually not 

possible, make two transects along the 

school from opposite directions and 

average the results. Remember, if the 

plane travels downwind cne school lengti1 

will be underestimated; if the plane 

travels upwind, the school length will be 

overestimated. 

6. Aerial photograths or video tapes can be used as 

a post- season check on the accuracy of surface 

area estimates made during the season. 

calculation of distance is done using the same 

equation given for tile sighting tube grid (where 

F = camera focal length). 

a. Pictures should be taken when t:.he aircraft 

is directly over a fish scnool to minimize 

distortion of distance and shape. 

b. Try to take pictures at altitudes high 

enough to i nclude grouna size reference 

points . 

c . Be sure to indicate on survey maps and 

data forms the film roll and frame numbers 

which cor respona to each school. 

- 13-
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7. Locations of lar ge schools of questionable 

species composition snoula be reportea to test 

fishi ng crews so that actual f i sh samples can be 

ootained. 

III. Assessment of Herring Spawn 

A. Areas in which herring are spawning appear cloudy (milky) when 

seen from aircraft due t o presence of milt in wat er. 

B. All area s of her ring spawn should be noted and recorded on maps 

and appropriate data forms . 

1. Estimate length and width (extent) of spawn patch as you 

woula size of f ish schools (see previous sect ion, II . 

Assessment of Herring School Size, B. Techniques) and recora 

on survey rrap. Note whether the patch has been dispersed 

along shore or of fshore by wind and water currents. 

2. Recore combinea lengt.hs of all spawn patches seen wring a 

survey in miles on survey surnnary forms. 

3. Report location of spawn patch to ground c r ews so that 

surveys can be maoe to assess intensi ty and density of 

spawn. 
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rv. Assessment of Commercial Fisning Effort 

A. Record numbers and locations of fishing vessels and 

tenders/processors sighted during surveys on maps. Incluae all 

vessels present. 

B. Record pertinent information on survey maps such as number of 

vessels actually fishing (i . e. setting gear or pulling gear), 

waiting to deliver, pumping fish, etc. 

c. Record occurrence of kelp harvesting and try to estimate effort 

level (number of people, skiffs, etc.) if possible. Record tnis 

information on survey maps . 

D. Make a special effort to locate evidence of wastage (i . e. 

fishennen dumping herring from vessels, piles of dead herring on 

beacn or in shallow water, etc.) - follo.v such observations with 

investigations on the ground through coordination with rield 

crews. 

V. Climatological rata Collection 

A. Be sure to recora for every index area: wind speed and direction, 

percent cloud cover, water clarity, and general survey conditions 

rated from 1 (Excellent) to 5 (Unacceptable). 
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B. Other comments concerning weailier shoula be placea uno=r COuynents 

section of tne aata form, if these are thought to be imfX)rtant. 

C. Secchi aiscs (photometers if available} should be used by ground 

crews to previae an objective measure of actual water clarity in 

some index areas. 

VI. Survey cata Collection (Also see Appendix VI} 

A. Recore time survey began anei eno=a and draw flight path on survey 

rep. The flight path will, in general, follow the coast line oi 

index areas. 

B. Sur veys from iixea wing aircraft have been flown at altitudes 

ranging from 300 to 1 ,500 f~ ana airspeeds ranging f r om 80 to 140 

knots (92 to 161 mph) . Use your judgement and the pilot's in 

Cieterming safe operating altitudes and speeds (record alt:.itude and 

airspeed used in surveying eacn index area under comments section 

of data form or on survey Jl'aF5) • 

C. Conci.lct surveys dJring times of lCM water (i.e. to.oards ena of ebb 

or beginning water or flooa tide) whenever possible to ensure 

comparability with results ot past surveys. Additional surveys 

can be made during other tide stages to determine wnether this 

affects survey result.s. 
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o. Record fish school signtings, area of spawn and commercial fishing 

effort on survey maps. 

E. Observations concerning weather, survey conditions, etc. snoula 

either be r ecorded on ma.ps or read onto aictafhone tape. 

F. Please use standard syTibols on maps to hel p eliminate post-season 

confusion during dat:a analysis. 

G. Nake sure that any pictures taken (fish schools, spawn, tishing 

violations, etc . ) are r ecorded on maps wi th film roll and frame 

numbers including date and exact time. 

H. The dictaphone can be used to make any detailed observations you 

feel are pertinent - however, oe sure that all standard 

observati ons are recorded on maps furing £lights to ensure that 

this information is not lost. 

I. After sur-veys are completed, tall y number s of small, medium, and 

large sdlools and record in appropriate space on survey maps. 

J. Complete su r vey summary data forms upon returning using 

i nformat ion from naps and dictafhone. 

VII . In- season rata Analysis (Also see Appendix VI) 

A. Computation of relative abundance indices (RAI ' s; Herr i ng Aerial 

Survey Sl.llilllary) 
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1. To1:al fish school counts are to be convertea to total tish 

sdlool surface area for eacn water aepth classuication or 

each index area cilring each survey date . 

2. Surface area for each school is expressea as a multiple of 

538 f't2 (50 m2 the maximum area of a "small" scnool i.e. 1 

R.A.I . = 538 ft2 [50 n2]), therefore, total counts of eacn 

size category are expressed in R. A. I.'s as folla..>s: 

a. Each small school= 1 R. A.I. 

b. Each meaium school = 5 R. A. I.'s (approximate midpoint 

or size range 549 - 4,841 ft2 [51- 450 m2] is 2,690 ft2 

[250 rn2], which is 5 x 538 ft2 [50 rn2]). 

c. Each large school = actual surface area/538 ic2 (50 

m2) =number of R.A.I.'s. 

3. The following equation is used to calculate total R.A. I. • s 

for each area afcer eacn survey: 

Total R. A. I.'s = (total number of small schools x 1) + 

(total number or medium sdlools x 5) + (tot al surface area 

[rt2] of large schools/538 tt2) . 
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B. Computation or biomass (short tons of herring present) 

1. Tota 1 R. A. I. ' s for each index area during each survey will 

be converted to equivalent short tons of herring using the 

equation: 

Biomass = Total R. A.I.'s x Z* 

a . All aistricts 

1) z = 1.52 st/R.A.I. for water depths of 16 tt(5 

m) or less. 

2) Z = 2.58 st/R.A. I. for water depths between 16 

ft(S m) and 26 ft(8 m) . 

3) Z = 2. 83 st/R. A. I., the mean of all biomass 

conversion estimates previously attempted, for 

water depths greater tnan 26 ft (8 m) or if no 

depth inforrration is available • 
. 

*baseo upon 1983 analysis of all aata. 

2. Conversion factors can be moclifiea later in the season, if 

a dditional estimates are obtaineo. 

3. Refer to aistrict coastal charts to obtain water depth 

information (AYK Region) . 

Conversion Table 

1 short ton = 2,000 lb = 0.91 mt 

1 metric ton = 2,205 lb = 1.1 st 
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VIII. Related Studies and Considerations 

A. Helicopter surveys (Bristol Bay only) 

1. Three important survey functions will be provided by a 

helicopter. 

a. Increased assessment capabilities by providing an 

aircraft on the fishing grounds. 

1) Surveys can be flown with less advance notice 

and increased frequency without relying entirely 

upon flights tran Dillingham. 

2) By conducting multiple surveys of selected areas 

throughout the day ana at various tiae stages, 

information can be obtained on herring abund:mce 

ana distribution in relacion to these factors. 

b. Examination of repeatability and accuracy of surveys 

by determining daily changes in herring abun6ance and 

distribution. 

1) Resul cs of multiple hel icopter surveys d.! ring 

tne same day [see a. (2) above] may indicate 

whether there are "besc" time pericxis to cond.!ct 

surveys (e . g . whether herring move inshore 

dur ing cercain times of the day or otherwise 
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become more accessible to being enumerated 

through surveys) • 

2) Es~imates of school surface area may be easier 

and more accurate using a helicopter, since this 

aircraft can hover above a school . (This will 

also simplify tflotographing sdlools.) 

c. Greater ability to sample fish schools of questionable 

species composition, since test iish crews and gear 

can be transported by helicopter to desired locations. 

B. Bianass conversion estimates (Also see Appendix VII) 

1. Commercial purse seiners snould be chartered (using short 

term vessel contracts or on volun~eer basis) to capture 

herring schools whose surface area has first been estimated 

by ADF&G aerial surveyors. 

2. Close cooperation and coordination must be maintained 

between the chartered seiner , his spotter pilot and tne 

AI:f'&G observers. 

3. Surface area and tonnage estimates should be obtained fran 

the commercial spotter pilot prior to attempts to capture 

schools for comparison wi t h independent ADF&G observer 

estimates. 
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4. Whenever possible, water depth at capture site shoula be 

determined from chartered vessel ( i.e. from fathometer or 

sounding line with lead) • 

5. Upon delivery to buyer, a sample of the catch from the 

school should be taken to determine maturity stage, age ana 

size. 

6. It may be desirable to place an AIF&G employee aboard the 

seiner to determine water depth and temperature and to 

obtain a sample of the catch. 

C. capelin Investigations 

1. Surveyors should record number and size of capelin schools 

and occurrence of spawning during routine herring assessment 

surveys. 

2. If time allows, bianass conversion estimates may be made on 

selected capelin schools (see B. Biomass conversion 

estimates) • ~Vhen chartering a vessel for this, be sure the 

purse seine gear is sui table for capturing capelin. 

3. Close cooperation ana coordination should be maintainea 

between surveyors ana the capelin project biologist so that 

samples of capelin schools can be obtained. 
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4. Adaitional aerial surveys for capelin may be required wring 

or att:er the nerring spawning season as tllt\e, personnel ana 

funding allo,.,r. 
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APPENDIX I 

Bering Sea herring aerial survey inoex area maps . 
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APPENDIX III 

Sigotiog Tupe 

Tn1s aev1ce was prepared to help aerial surveyors estirrace surface areas of 
fisn smools. 'nle dist:ance ber.ween the gnd ana your eye (focal point.) is 8 .5 
1ncnes (216 mm). Act.ual t.uoe length is 7 . 75 1n (197 mrn). Tnis lengt.n 
aaJUSt:ment. oi 0 . 75 J.n (19 lllll) c01t1pensates ior t.ne aist.ance Det.\-leen t.ne eye ana 
polaroid glassses t.ne ooserver wears wm.cn mal.ntalns an overall 8 .5 in (216 
ntr,) rocal length. Lengc.ns of gncl reference mar~<s ace g1ven oel&: 

Ana enc:J.osec • 4 .au r t 2 ( 450 a.2 1 • Mo:d." P ljC!lcol n l sao f t 4l u ti..'Ce cnJ.y • 

...J~-!-4£t.-,L----- Ana enc.lOM<l • 538 ft2 (SO a.l) • sap p qol at 1500 tt 4ltlttJOe oruy • 

.__,,<------Aaua.l leno;tn ct eaa1 qnd lllltle on cotn axaa • 1 m. 

'lhe tollcw1ng is an example illustrating h& ground distances can be estimat:ea 
using tne signt.ing tuce: 

4E·::, ~§t:f~:=::~;:===~,l-t ______ ___,] I ground) 

7.0. or ').007• I 
~------------ '·~ ftor ___________ ~·~ 

•S7. ZJI 
1l tltude 

At 1,500 it. ( 457 m) , t:.ne gr ound cuscance represented by tne 0 - 1 rrark. on tne . 
( . ~rid l1oe lengtn ) gria (14 rrrn long) = survey altitude X 

s1gnt1ng tuoe focal length 
' 

= 457 m x H IIiil = 30 m or appr oximately 100 ft 
216 rrm 

For quick. rererence, t.he rolla.~ ing taole can oe used: 
Accroxl~•~• Grou~ Ot•t•,.,c• <t tl f,.OM 0 

-----------------------su,..,. ,.. 
A1Utuce Tuo. Sloe• of 

Cftl .J.. .J.. 2 ... D1a••••,. 0 0 ----
~ .a B. ~ u .A.1 lU A. ll 
&00 19 39 :58 71 97 139 10 ~8 
700 23 4:5 68 91 113 1a2 11 32 
100 26 52 78 104 13 0 18:5 13 37 
900 " :~a 87 117 1"4 201 ~ ~ •2 
~ .a ~ ;:z U2 ~ ~ 1A. :a 
1100 3& 71 107 142 178 2,4 18 :51 
1200 39 78 117 1:56 19:5 278 19 :u; 
1300 42 14 126 16& 211 301 21 60 
1400 ., 91 136 1&2 227 32• 23 '" ~ ~ lZ lla .u.i ~ .1ll ll u 
1&00 =~ 104 1:!6 208 ~9 371 .<6 74 
1700 :15 110 16-' 220 ~~ 393 u 79 
1800 :a 117 17:1 233 Z'n •17 n 83 
1900 u 1:!3 tas ~46 304 .to40 31 •• 
~ .u U2 ~ ~ B.1 ~ 1-'. .u 
2100 64 136 204 27~ 340 •a. 310 'J7 
Z200 71 143 214 28-' 3:57 :510 Jr. 102 
:!300 7~ 149 2:24 na 373 :532 37 106 
!itOO 78 1:!6 233 311 389 :5:6 39 111 
g: oo .l.1. w ~ ~ ~ ~ ll. l...l£ 
zr.oo 14 169 2:53 337 ... u 1002 .. ~ 1.!0 
2700 a a 17~ 263 3:50 •Ja 625 •• 12~ 

:!900 91 182 272 Z63 " ' 4 64'J 4:5 uo 
~00 94 188 282 376 470 671 47 134 
~ .2Z J.U ~ .a2 ~ ~ .u U1 

---------
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Appendix N 

Cliogneter 

This instrument is used to determine the angle (A) at a knam altitude (b) 
from which fish schools (shore, etc.) are observed and measured. Actual 
observation distance (c) and horizontal (ground) distance (a) of the fish 
school (shore, etc.) fran the t1.ight path can also be determined by applying 
trigonanetric formulae for the solution of a right triangle. All calculations 
have been completed for various altitudes and are listed on separate tables 
(Appendix V) • 

Clinometer readings are usually taken with the right eye. It is of prime 
i mportance, regardless of which eye is used, that both eyes are kept open. 
'Ihe supporting hand must not obstruct the visicn of the other eye. 

The instrument is held before the reading eye so that the scale can be read 
through the prism optics which should face to the left. The instrument is 
aimed at the object by raising or l~ering it until the hair line is sighted 
against the point to be measured. At the same time the position of the hair 
line against the scale gives the reading. O,..ing to an optical illusion the 
hair line (crosshair) seems to continue outside the frame and is thus easily 
observed against the terrain of the object. 

The left-hand scale gives the slope (observaticn) angle in <Egrees fran the 
horizontal plane at eye level. 'Ihe right hand scale gives the height of the 
point of sight fran the same horizontal eye level and is expressed in percent 
of the horizontal distance. 

Given: A = 90u- clinameter reading (90°- 70u=20u) 
b = altitude (1500 ft) 

a = b tan A 
= 1500 X tan 20u 
= 1500 X .3640 
= 546 ft ( .1 mi) 

c = b/cos A 
= 1500/cos 20° 
= 1500/.9397 
= 1,596 ft (.3 mi) 

The size adjustment factor compensates for the difference in size of a fish 
school measured at a greater distance than the actual altitude due to the 
observation angle being other than vertical. 'Ihe factor is calculated as the 
percent increase in size between a vertical observation and an observation of 
xu. 

e.g. O:>serv. angle = 20° ; Altitude = 1500 ft; Observ. distance = 1596 ft 

Using: 

Ground Distance (GD) 
GD = altitude x .032407 (constant = 7 DID grid line length ) 

216 rrm ( 8 .5 in focal length) 
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BSII-~ lAP /102 

Data Surwyed 
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8SH-t1Ai>/ 10~ 
Klli1JKAK INDEX (KUK-l ) 

Data Su,.,.,.ed 

Surtey Rating 

l 



METER VI K INDE X (MET-1) 

KlJII.lKAK SEX:TICN 

DataSurft1'1d 

s..rn.y bt1"9 
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Dau Surveyed 
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Piah Sdlool Q)unts I Converai<Xl Factor 

~ l 

aa. 
M. 
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APPENDIX II 

Herring aer ial survey data forms . 

- 25-





l!!hlf1 1 StglA" 

IllS • ~-~~to-n spi~ crt. TVauvu a.y. 
l1lt • lulukalr. - veatetn ap~t Ol: TV&tlVU k y to M8tatn po1nt Ol: 

MltuY.I.lt lay. 
Ml:r • .. tarv.l.lt - .utaro polJK ot. ~t.carvllt a.y to I.19Dt 8&no Point. 

tAWV'SM15 SIQ;i "' 
IMt • ~KZ!Alt - &9Dt 8atla Polllt to tn;al.lkthllllt Polllt. 
ua. • lh}&l.lkt.Allllt - tbri&latD.lia ~ to Mt::nt::lc Point l/"ICluc11ng ~1.: 

1&l.Ano. 

TSf?' M Se;: ttl'! 
TCX; • ~- - 1onczlor Po1llt to ~ a.t. 
'DC • Tt:lnr;l)'t ~ - '1'co;ak AMI: to 'ttlD;Ua Point. 

" ?7DP''" r f«+ im 
Kl'C • ~ - '1'orq.le Point to !awa Point. 
esc • O.ViM - Eat~» Pouc to Not...-n tAka. 
m • Pytita Point - Noc--. tAka to '1'1:1ocaM.cik Point. 
a; • c:a;:. ~ - 'l'Ckal&cu Point to cape ---.. 
HAG • ~c - llolgiiQailtac I.al.and. 

J/ $l.rvwy fla Utl9 I 

1 • e.::el.lent (calm. no 91.at • I 
2 • Goca (hiJilt upple, ~Z~eYen l l.IJilun;, ~ to 11p0e ld)OQ].a) 
3 • Paic ( lic;bt chop, •~ 91.at• ex IMa::ova, rwuY&ly ~ to apac 

KllQQl.a ) 
4 • Pooc (rQUrjlb -.., RZCID9 gl.ace, Cliftlallt to ~ ICZIOOl.ll 
s • Qlau.afw:cocy 

Sl Converuex1 ha:«a: (IIUD')ect to~~ n. cat.a) 

1 • l..5l 11:/W (Wa.t/MII toe veer ~ cri. 1' ft (~ « ~ 
2 - 2~8 11:/W (2.3~1 toe wa:c dlq:c.ba biC~Me 16 ft (5111 ltld ~ ft (81). 
3 • 2.13 11:/W (2.57a,IIAII toe -.c ~ 9"Atc ti:IM 26 ft (Ill) • 
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BSH-CF/ 202 (Rev. 2/85 ) 

HERRING AERIAL SURVEY DISTRICT SUMMARY 

District. ______ _ Year ____ _ 

tl.mber of 5aloola 
Biaza&a Estimates Sp&wn 

(St) 
Fll.gh~ &lrvey Inaex No. Hl.. Q.ml, 

Date (Time) ti.lltler Rating Areas Sn Mea Lg 'l'QW For:ula Mi. 

' 



BSH-c:F/ 203 

:ode 
_etter Name 

Seine Vessel 

L.O.A. 

. 

SHORT TERM CHARTER LIST 

Captain 
Company 
& Tender Type 

Year - - - -

Aircraft 

Ca 11 Sign Freq . Pil ot 



l '/204 HERR ING BIOMASS CONVERSI iTIMATE HORSHEET 

Date __ _ Time --- Location Survey Rati ng ----- Observer ( s ) ____ _ Aircraft -----

Altitude. __ _ % Cloud Cover Wind ----- Tide Stage ____ _ Water Clarity ___ _ _ Airspeed __ _ 

Vessel ----- Operator/Crew _________ _ Spotter Plane _____ _ Pilot ----------

Tender ------ Process ing Vessel _____ _ Company _ _______ _ Fi sh Ticket Number ------

ADF&G 

Aerial 

Ground 

Charter 

Spotter 

Vessel 

Processor 

Remarks: 

Water 

Depth 

I 

Distance 

from shore 
(Mi) 

School Surface 

Area (ft2) 

A= 

. 

Percent Matur ity 

Captured Stage 

I C= 

Weight 

of Catch 
(st) 

Convers ion 

Factor ( st/538 tt2) 

I C/A X 538 = 



BSII-L .J 

y 
Survey Charter 

Date Rating Code Location 

!I !•Excellent (ca l•, no glare) 
2•Good ( light ripple, uneven lighting, easy 

to see schools) 
Jsfalr (1 lght chop, some glare or shadows 

relatively easy to spot school s ) 
4ePoor (rough seas, s trong glare, difficult 

to spot schools) 
5•11· factory 

HERRING BIOMASS CONVER ESTIMATE SUMMARY 

School Surface % 

Water Area Est. (tt2) Tonnage Est. (st) School Maturity Landed 

Depth AOF&G Spotter ADF&G Spotter Captured Stage Weight 
(St) 

st/538 tt2 



BS 206 
HERRING INDEX A. JIOMASS SUMMARY 

Di strict ____________ ___ Year ---------

tlilt 
Sicj 1t.if9i fl:ltinatea Biaress (at ) By IOOex Acm 

lll12 !Tine) 
9.lcVeV 
ontl-
ti<lM 

tb. 'ior. Kf) 10..1( ~ 
Dtily 

tU( lCL 'li& '00 niG IWI (9( PYR ~ 'l'otal 





At ou, GD = 1500 x .032407 At 20°, GD = 1596 X .032407 
= 48.61 ft = 51 .72 ft 

S1ze adjustment factor = 1 + X"' GO - au GO 
x0 GO 

= 1 + 51 . 72 - 48.61 
51.72 

= 1 + .0601 
= 1.060 

This size adjustment factor must be awlied to each measurement (length and 
width) used in determing fish school surface area. 

e.g. 100 ft x 200 ft = 20,000 ft2 (unadjusted for ou observation angle) 
106 ft X 212 ft = 22,472 rt2 (adjusted for 20u observation angle) 
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APPENDIX V 

Altitude conversioo cables ior aerial survey calculatioos. 

-2~ 





.,£JIIU"G -">iti'll#ll. SUIIVn rt:UJU:s 

,.,,. >II. -:T'Ul)e; o• ~ , •• c. 

C.!NCI'Ii'r'£'1 oasc:Rv. oassr~v. OBSO:~V. t-O~H. ..o"':t. sn:;: 
REIID!NG JONGI..! DISTQNClt !l!ST<:NC<: :J:9TQNCC: :J:STCNCE <IDJioST• £'<T 

c e;. oe ;. , ... ,tl •• , .. , m1t•• FQC'!'OA 

'" ~ ~ll0 ~--'9 Ill a. ·n t. .l.JlZII 

89 I ~::10 0. "" 9 a.;~., t.~~~~~~~ 

as .z 500 .O.'ll9 17 "·"'"' 1. '~"'1 

87 3 ~at 'l).09 26 0 • .110 1.Z~ l 

86 " 50! 0.09 3: 0.01 1. ll'aa 
8!1 , :11112 0.1111 ... 111.0: :. 1.)0 '> 

84 e; ~~3 a. 10 :13 111.0: '· ,.,~ 
83 7 :e• -11.10 6! 0.01 l . ".a-a7 

a2 a :50:1 0.10 70 ll.0: ! • ..,10 
ill 9 ! '0& 0. t0 79 0.01 t.01Z 
80 10 ::ea "· t~ 118 0.0i! 1.01:1 
79 II !5e't 0.:0 '>7 0 . 02 1.~18 

78 12 !511 11.111 :1116 0.0i! 1.0i!a 
77 :3 !5 13 0.10 11!5 .a.~ t • .126 
76 I'> 5 15 .l.l0 ~~ a.~a LliS..:S 

r.'! 1!5 !515 0.10 134 0.ll3 t. ~,!.:. 

1'> 16 520 ll.l ... lloJ 0.'JJ 1 • .113'3 
73 17 523 Ill. 10 1:13 0.ll3 t . 0.t.4 

72 18 526 e. til 1&2 0 .1i1J :.ll- '3 
n 19 !52'! ll.IICI :72 0.03 1. 0 =4 
70 20 :5"32 0.10 18i! e.ll3 I. ~6\il 

69 21 !536 111.10 1"12 0.04 t.Q6C. 
sa 22 !531 e. 10 ZQ!i! 0.04 !. .173 
67 Z3 5"-3 •• l\1 212 0 . 04 1. 07'3 
66 24 547 

0. "' 
223 0 • ..,. : . .us 

6:1 Z5 !5:12 0.10 Z33 0.04 1. 094 
64 26 :i:Si e. 11 , .... 0 . 0!5 1. 101 
53 i!7 :161 e. 11 2" 0.0!5 1. 10't 
62 28 566 ll. 11 266 0.05 1. 117 
61 ~ 572 ~- ll 277 0.e:s 1.1~ 

60 30 !577 0. 11 zas 0 • .11:1 1. ll4 

:59 31 :183 Ill. 11 300 0.06 1. ~ .. 3 

:sa 32 :n 1'1. 11 J1a "·"'' ~. !~~ 

57 33 !596 0.11 32:1 0.06 1.. :Dt 

:16 3'" e>IZI.l 0. II 3.37 ..,.06 1.:71 

=~ 3:1 r.tt 0.11! 3!5111 0 . 07 L. 141 

:14 36 618 0.1i! .36.1 ~. ~7 1.191 
!53 37 626 0.1z 377 0 . 07 1. <!01 
:12 38 635 0.12 3'31 0.07 ~. Zl~ 

:II 39 643 0.12 ~0:1 0 . e& 1.~3 

!:0 •0 S::l3 0. 12 "20 0.0& t.-aZt.. 

•• 1>1 663 ll. 13 43!5 0.08 1 • .!.1t5 

4& ... 673 11.13 •:se ~.n 1.~.:-7 

>.7 ... 3 644 ib. !3 466 0.09 1.l6'] 
46 ... 69~ 0 . 13 4<13 0 . M 1.281 .. ~ ·~ 707 0 . 13 ::n 0 • .a'il 1 • .:!13 .... ... 720 ~- 14 518 ... 1111 t. 3~!: 
4J 47 733 Ill. I• :136 0 . 10 t. J:a 
"2 ... 747 0.1 .. 5:1!5 ~.! 1 :.lJI 
•H ... 1£H! Ill. 14 !57:1 ~.II 1 • .144 
4111 ""' 778 0.1!5 :5'>6 <>.II 1.3:7 
3'3 51 7"= 0.1:1 617 0.12 \.l7: 
l8 :2 812 0.1:1' 640 e. 12 1. ZB4 
n !53 Ill 111. 16 664 "'· 13 1 • .:>98 
36 !51> 6:11 e. 16 688 "'· 13 1.4 :2 
3:1 :S::I 872 0.17 714 'il. l4 1. 44i& 

34 ,, 894 -11. 17 71>1 "'· 14 t. :.41 

l3 57 918 1'1. :7 770 0. I:S 1 ... 5:1 
l2 :a 't .... 0. !S aeca "'· :s 1.•70 
31 !!1 971 ~.IS 832 0.16 !.<40:! 

30 60 I, <!liN I 111.1'3 &66 Ill. IIi l-!"~ 

29 61 1. 031 III.ZQI 902 0. 17 ... ~~5 

2!1 62 l,ill6:1 0.Z,lcl "'"" "'· :a I. :53: 
1!7 i3 I. 101 ~.at 981 0. 19 !. :.-o 
:!6 54 1, t•t 0.22 1,02!5 e. :s 1. :&J: 
~ 55 1,183 0 . 22 1.072 0.:N 1. :!77 
24 .. , l,:n'i <,).23 1, ta:l a.zt :. 593 
23 67 t,zaa ~.24 I. !78 ll.~ 1.6..19 
22 sa t,23Z Ill • .a:! 1.~38 0.23 I.S.!:S 
21 n 1.~ 0.es l.llll '11.2:1 1.64c 
20 70 1.~ 0 • .aa t,J74 0.26 t.&::a 
19 71 1, !536 '<1.29 1,":12 ..a.~s 1.07'-
I !I 72 1,51$ 111.31 I. :13'3 1'1.29 !.&"il 
!7 73 I, 711'1 0.:>2 l. 63, 0 . 31 1. 7218 
:s 74 1,814 '<1. 3 .. 1, 7.4.4 a. 3J 1.7~4 

1:5 7:5 1,'332 0 • .17 1,866 -a .. 3, 1. 741 

II> 76 2, U7 0.39 l,00~ J.Ja 1.75a 
~3 77 2.223 .a.~ 2, 160 0.41 1. 77:; 
!2 7& ~.~!5 0.40 ~-J~2 0.~ 1.7'>2 
I! 7'J z.r.....~ e.:s0 2.572 ~- -9 1.309 
1 a aa <!,87'> .a. 55 l.<IJ6 ..:s.: .. I. 8.!6 .. ill J. t'iPS 0 .6: J. 1:17 ~.u :.. 84:. 

9 82 l, :5'33 "'·&a J,:s:5a oa.67 1.861 
7 a.3 ., ~03 lll.78 4,~72 iJ.77 :.878 ,. a• •,783 •• 91 4,757 111.9. 1.49:1 
5 8!1 :!,737 !.0'9 !,7!:5 t.n 1. 'ill 

• 86 1, ~sa I.J& 7, 1:!0 I. 3!5 t.<J3e 
3 87 9,:5:14 I. Sl 9,541 1.81 1.943 
2 a a llo,J27 2 . 71 14. :na 2.71 1.16:1 

a9 28,64CJ :1.43 .!8,6'>:1 5."-3 1.913 



MEIIR:sG j>.£CI!I'IL SURVEY Tl>lll.S:S 

•or- ~rl'!t:O·£ o f 1000 fee't. 

C:...!NOI!1f:"'~ OSSEl!Y. OIISERV, OliS:l!Y. +<O~IZ. !<OR! z. S'1~ 

~:l:l'oG ANGLE O:STI>NC~ OISTONCE OlST<INe&: D!:iT~CE :>l):LST"~-

c e q. c e ;. , •• 'C 11111•• ,.~ Mtle• ~;>CTOII 

------
'J0 0 1., '~0 a. 19 0 e.~ 1.~00 

8'J 1 1,~00 .a.1'3 17 0.1110 1.0t0 
sa z 1,.1 0.:9 3 :5 0.01 1.0<11 

87 l 1,001 e. 1'3 !5~ '11.0: 1 • .,.,1 

86 4 l.<ll~ a. 11 7 0 0 •• H 1.002 
8!5 s 1, 0~- 111.1'3 87 0.02 l. l)0 .. 

a• i 1,006 ·a. 19 111!5 •• 02 1 . 0~ 

03 7 l,ll08 a. 19 L.!J: '11.42 1.01J7 
82 a 1,010 0 . 19 141 0 .03 1.010 
81 9 1,~12 0. 19 1:58 0.03 1.e:~ 

80 10 1.01!5 0 . 19 176 0.03 t. 01~ 
79 II 1, 019 0 . 19 194 0.04 \ .018 
78 12 1,022 0. 19 l!IJ 0.0 .. t.azz 
n 13 1,026 0.19 231 <1.04 \.02S 
76 14 t. 03! li.ZIJ 249 "·" 1.0:!3 
~ IS 1, 03:5 0 . ..!a 2U 0.~ 1.03.4 
74 16 1,040 !f.Zi J87 '<!.0:5 1.0·39 
73 17 1,<1 .... 0.20 30& 0.06 1.044 

72 18 !,~1 e. ze la!l '<1.06 \,IIWJ 

71 19 I, 0!58 0.2'3 344 ..,,..,7 1.~4 

70 20 1,064 0 . 20 J6• 0.137 1.0&0 

&'J 21 1, 071 0.20 3$4 0.07 1.066 
sa 22 I, 07'3 e. ze . .., .. 0.08 1.073 
67 Z3 1,0810 0.21 424 0.08 1.en 

" 24 1,0'3!5 0 . 21 44:5 b.08 1,0810 

~ 2!5 t, t.a3 0.21 406 0.<19 I. 0'J4 .... 26 I, Ill a. at 448 0.0'3 1. 101 
63 27 I, 122 0.21 :Sill '1.1'1 1. l0'3 
62 28 I, 133 0. 21 !532 0. 10 1.117 
61 29 1,143 0.22 "'" 11.10 I. te:l 
50 l0 1,1!5':5 0 . 22 !577 a. 11 1. l34 
:59 ll 1,167 0. 22 6111 '0.11 1. 1•3 
:58 32 I, 17'3 0 . 22 DZ!I 0.12 !. 1:52. 
!57 33 1.192 0 .. !3 649 0. 12 t. :u 
:S& 34 1,2% 0. 2 3 57!5 111.13 1. 171 

" J:S 1,~1 0 . 23 700 ~.13 1. IS I 
!54 31i 1,23& 0. Z3 727 0.1 .. I, 19! 

:!3 37 L, 2:52 0 • .24 7 54 0.14 1. 201 
52 38 lt a.69 a.z• 78! 0.1:5 ;..~!a 

:S I 39 1,387 Q.24 810 0 . 1:5 1-22:3 
~~~ 40 t,le::~ 0.2:5 .9Z9 0. 16 t.Z34 .. ., • I 1,32~ ~.z:s 669 0. 16 ;.. ~·~ 
"a 4,1 1,346 0 • .2:5 - " · 17 

t.Z:S7 
47 43 1,367 0.21i 933 0. :a 1.26'1. 
46 ... 1,390 0.ZS 966 "'·:a 1.281 
45 •:s 1., 414 0.27 1,000 0 . 19 1 • .!93 .... 40 I, 440 0.27 1.0:36 lb • .a0 t. 30:5 
•3 07 1, .... 6 11. 28 l,Q72 0.20 t.3HI 

"l 4<1 t, ~CJ• 0.<!1 t, lU. .a.2: 1. 331 
41 •9 1,:524 0.29 l, 1 ~0 .a.:!Z 1.3~ .... :50 t. ~~6 0.29 I, t92 ~.~l 1.357 
3'J :51 1,:589 0.3111. 1,23:5 >IS.23 1. 371 
38 !52 1,624 0.31 1,28111 e. z• 1.384 
37 :53 l,S62 '1.3! 1, 327 0.2!5 1. 3'38 
J6 :54 I, 701 "· 32 1,375 0.-!S 1. " • .a 
J:S :s:s 1, 743 0.33 1,4.!5 0.27 1.~6 
3<o ,6 1, 788 0 . l4t 1,483 2.~8 1. ""I 
33 !57 1,836 0.3:5 1 .:54111 0.29 1.~:s 

32 :58 1,8&7 0.36 1,600 Q.Z-:a !.470 
31 :59 1,942 0 . 37 1,664 0.32 1 • .:.a:s 
30 60 2.~~~ 0. 38 1,732 J.33 1.50111 
29 61 2,063 0.3'3 1.a111• '11. 34 t.~!~ 

28 62 2, 130 0.411 1,881 'li.3Ei 1. ~31 
27 63 2,203 0."' 1,'16.3 .a.J7 1.:5•6 
2S 6• ~.zat 11.43 2. ~50 0.39 t . :o.a 
2!5 65 a.~o& 0 . •:s .l, 14!5 ~ • .r.t L!!n 
2• 66 ,!,4,9 e . •7 l:.Z46 "·"3 t.:93 
23 67 2,!"SCJ 11. "8 3:,3::5 ~. 45 1 .6~ 

22 ; a 2,669 0 . :51 ~.~75 >/l,47 1. o2:S 
2l 69 2.790 e. ~J 2,605 "· "9 1.6~ 

20 70 2,924 0.~ 2 , 747 '<l.:52 1 .0~6 

19 71 3.072 0. :58 1!,"304 ~. ~:; 1.67 .. 
!8 72 3,236 "·61 J,.l78 Ill . :sa 1.691 
17 73 3,t..20 0 . 6 :5 3 . 271 >IS.i2 !. ; o:s 
:s 74 3.628 .a.o'l 3,487 ~.;o :. 7Z,._ 
15 7!5 3.Si4 ~.73 J,7::i2 0. 7t :. it.t 
1'- 1& ... 1.34 

"'· 78 
... <11! lll.7,; 1. 1:a 

:3 77 ... u:s b .... •.331 0 .. 132 :.. 775 
:~ 78 4 , ill'<l \1.'11 -. 7;')5 e.d':l : . 7'32 
1: n ~. Z"l ~.'3'3 z. :.:., ~. 117 :.3.1'3 
;0 80 '~75~ 1. <19 '· &7: :. ~7 :.e~s 

"i 81 s.J'J2 :.~:. 0 • .'314 ~ . ..:~ : • .;.4 
d 42 7, !.65 l. ~6 1. ~ 1, :.:5 t.ast 
7 53 a. 20:1 :.~ d, :~4 :.:s .. t. 378 , 34 9. :567 t. 51 'J.::- :.d<l 1.895 
:5 a:s L ~. •7• z. t7 :1.-30 ~- :6 :. J13 .. $6 t.t.,J~6 .!. 7Z 14,301 ~.71 1.'130 
l 87 J."), !lll7 J.sz 1'3.ea: 3.6! t."i~ 

l 88 za.65 .. 5.43 28.£36 :5.~ !. '36::! 
S'il 5 7,:!98 10.83 !57, 289 :.:.a:s I. '383 



"ERRING >lf:RI~ stJI'VEY r~BUS 

'""'" ~Tll1JOE of t~taa '··~· 
CLINC."'~E::t O!SERV. OSSO:itv. OBSEI'V. -<OR!Z. I"Q:qtz . S!;! 
A~Dll'oG A"'Gt.O: 0!9-ANCE DIS~ANCO: DtSTI'>,CO: 019-:'~NCE ~O.;IJSTI'IEN~ 

o e g. a e ; . ,. .. ~ "'11•• feet; fnl ~ ... .. :>CTO!I 

------------------------------------------------
~ " t . :~-a ~ • .!B 0 "· ~· l.ol'lb0 
a9 1., ~;,· a.ae .!S 0.<}0 : . .,~,., 
oa 2 !, ,.,1 oil. ~5 50! ~.a: lo 4'01 
!17 3 t, !a~ ., • .!8 7'3 .a. ~t t .~l 
o6 • t . :04 I • .!II 10:5 a.~e 1.002 
B:5 ' 1. :506 0.e<J tl : .zl.<!2 1 • .,04 
a• 6 :,~a 0 • .!'3 ::Ia a.u ~-~"' 
83 7 l, 5! t 11.29 :a" a . -43 ~ . 0~1 
82 8 t , ~ 1!5 a • .!'3 ..!11 a.'ll• :.~10 

a: 9 1,51'3 0.29 .a3a 0.oZI4 L. 01~ 
!I'll lib 1. :523 1 • .!9 25" 0.0::1 1. 01 :5 
79 II t, :za 0.29 292 0.06 1. 0:8 
78 12' 1, 534 0.29 31'> oll.1116 1. 0~e 
77 13 ! • Sl'> 0.29 346 0.~7 ! . <ll26 
76 14 1, :546 ~.n 37" 0. <!7 I. 030 
7:5 I S ! , ~3 0.2'3 •e2 0.118 !.041. 
70. 16 I . ::150 \11.3QI ~30 "'·u : . lil39 
73 17 .:. , ~6'9 b.30 ~:59 ~.09 : . <ll"4 
72 18 I, ':S77 111.30 487 oll.li)9 1 . 0•9 
7 t ! 9 !, ,86 0.3QI ::1 16 ~. ta ~ - 0 : 4 
70 20 1,:196 0.Zil ::146 oil. I'll 1 . 050 
iil 21 1,607 0.30 :s1r. 0. 11 1.066 
64 22 1,618 0. 31 6QI6 'll.l! : ... 73 
67 23 1,630 ll.31 6.S7 0. 1l t . •CI79 
&6 2 4 1.&42 0. 31 654 0. ll 1.!1186 
6:5 ~:5 1,6:5:5 0.:n 6'39 0. 13 t . lil'!l't 
&4 as 1,66'> Ill. 32 732 ~. 14 ;. :at 
63 27 1,6&3 111.32 764 III.H ;. 1111'3 
52 .!8 1,699 ~.32 7'>8 0.1:5 1. 1 ~ 7 
&1 2'> ! . 71 ::1 Ql.32 831 0 . 16 I. 13~ 
50 30 I , 732 Ql.33 866 ·~. 16 ! .. tl4 
::19 31 I, 7:5QI 'll.33 '301 0. 17 t .t.t.-3 
::18 32 !, 759 

"· 33 
937 0 . 1!1 1. : :s-a 

::17 33 1, 789 0.34 974 0. tS I. 161 
~ 34 1, 80'3 Ill. 3 .. , •• 1 ~ a. 1'3 t. :. 7!. 
5:5 3:5 !, 831 0.3:5 1,050 t.le l. 181 
!!: .. 36 1, 854 0.3:5 1,090 :a. a1 t. l91 
53 37 !,878 0.36 I, ::!0 'll.21 t.~:. 

52 34 1,904 lil.l6 1,: 72 '-'· .u l.:?:Z 
::II 39 1,'33QI 0.37 t, at5 0.23 1 .~~3 

::10 .. ., 1,'1:58 lt.37 t.2~9 ~-~· t.Zll. 
'-9 4 1 1,988 ~.3a t,3e• ~-~~ ! . ,Z4~ 

o.a 42 z.a ta 0.38 1.351 ~.zs t. a57 
47 4.1 2,0!51 111.3'3 t, 3"39 ~.~ t • .;&9 
..;; ... 2,08!5 Cl.39 I. ""9 ... 27 t . ZSt 
a5 .. , a. ~zt a.•0 l, ,.C-0 oil. 2! ( . 2 <;13 

""" 46 2, ! :19 <t. ~I ! ,!i:-3 ~.a"J I. :!e:S 
43 47 2.:99 0.•ct t' &.09 ~.loB t.~ta 

~.a 48 ~.z•a: b.~ t,66.& b. l.Z !.331 
41 "" 2,296 0.•3 1., 725 0 . 33 t • .JA.'-... ::Ill z~33A "·" !, 788 ll.J• !.3~ 

39 !I I Z.384 ll.•:s. I. 8 :52 a. 3~ 1. 371 
!a 52 z.~l& Ill.•& 1,920 'l!. 36 :.384 
37 53 2.4'32 0,47 I . 991 ll. 38 : . . na 
36 54 2,5:52 "· 48 a-,..,0~ <!. 39 t. 4tZ 
3:5 5:5 2,61:5 0.::1QI .!,t'f.2 \il.Q\ t. "26 
34 ::16 2,682 0. 5 1 z • .ze4 0.~ct !.A4t 

33 ,., 2,7:54 111.::12 2.3!0 "'·~" t. A:-~ 
32: :58 .2,&31 ll. 5 4 ~ •• 0 1 'l!.-5 :. • 71l 
3: ::19 2.'3:2 , \il. 5:5 Z,A9& c.•-T :. 485 

30 6QI 3.0e0 a.,., 2.:598 b . '-9 1. !:00 
2'3 Iii 3,094 ill. 59 2, 706 li).:: t :.~:.~ 

24 &2 3, 1'3:5 0. oil ~.821 <11.53 l .~l l 

27 liJ 3 .304 0.63 2., 9•• ~.~5 ~- :'-6 
25 64 l.~ 111.6:5 3,07:5 0 . :a 1. !&.2 
2 :5 6:5 z.s•'i <1.67 3.~!7 <!.&: :. :577 

~4 66 3,oaa 0. 711 3 .369 'Ill . ;-. L. ~13 

~3 67 3,83'3 a. 73 3.534 0.&7 ' · 0.0 '3 
.!2 sa a,~e• 0. 7 & z. 71 3 ~- 70 :. 6 .. 5 

2! S1 4, 186 0.79 3. '108 0 . 7• t.C:OC!: 
21o) 7'll 4,386 111.1!3 '-,l.Z! ~. 78 1. o!a 
t '3 7: 4.607 0.87 4.3:& 0.33 ~. S.1'4 

18 72 '-,S:I\ .,.92 •.617 0.37 !. 09 : 
:7 73 , ,:Je a.<J7 ~.'1!016 ~.13 : . 708 

:& 7 4 :;,--c 1.03 5, -!l! J. ?9 :. - ~-

I!! 75 5.7'36 :. tlb ,.:'3a : . Z.& :. 7 -: 
:'- 7S ~. ~:0 :. :7 ~. J:li L !4 : . 72 

: l 77 6.5&8 1. ~6 6.'-'37 : .~J •• 7-~ 

.a 78 7,~:: 1. 37 7. ~~ :.3" : . -'32 

.. - "l 7 , S6t :. ~"l 7.717 :. •& : . 309 
t'<) 5~ a.~Ja : . ; .- S.5<l7 1.~! 1.a;.;. 

'3 i: '3.569 : .32 . ... 7: ! .7'3 : . Oll.4 

~ SJ t J. 779 !. L'"- :<J.573 J . J.a :. a ; : 
7 SJ t 1.~'<)8 l.33 lZ • .!!S .:. ll : . J:s 
s i '- t t... z!~a l. 7l tc...z_7a ~- 7~ : .. 1'35 
::1 8 :5 17.-l:! 3 • .?& :7, t •~ 1 . a~ :.'3!3 
4 S6 ~l. !S~3 • . 41 z1 . r.st .. . . ~6 I. '33111 
3 87 28.001 5.43 .zs. sa:? 5.~ : . '1•8 
a 88 .. a. "laa a.:• .. ,?. 15"- a . • • 1. 9&5 

89 8:1. 947 ~6. 28 a:; ,1J~ 1& • .!.9 1.183 



-'E~R!NS ~RIAL SURVEY TPBl.£3 

,.,,. "'-Tl""I.JD£ .,, !l&it0 , .. ,. 
Cl.. !NC."lF:;'::R 08SE~V. ces;;:~v. CBS!~V. "011!Z. "0~!Z. S!ZZ 
R£;;_DI!"CJ "'"13'...; :)!ST~~ OtST:::.NCE ots~~ o;sn•~::E <>OJ'u'S .,....£:<-
c e g. c:.;. fee t Mtl ee .... '! "!Ules =acr:;~ 

---;- ·-·----·- ·---- --------------------
'30 0 Z,l!\00 '11.38 0 .b. ll.b : • .b00 
89 ~.oll0111 0. 38 3!5 a . 01 ;.000 
88 ~ .;:,0<11 0.38 70 0.01 1.cllll! 
87 3 i!,ll\13 0. 38 10:5 Ill.~ :.~: 

86 .. ~.-N~ ll.la 140 ll.\}3 I. ~0<! 
a:s !! ;;:,008 0.38 17!5 lll.'a.l 1.004 
84 .. a, 011 111.38 Zl0 .1,1)4 I· 00:5 
83 1 a,at:s 0. 38 l'•& 0.0!5 1.007 
aa a Z,il!20 0.38 ZS1 ill. oil!! I. .1!0 
at 9 z.eas 0.38 3 17 0.e6 1. 01~ 
80 10 Z,0ll 0 . 38 3:53 Ql • .b1 1.0!:5 
79 11 Z,QI37 0 . 39 38'3 0.07 1.018 
78 12 a. 04:5 .a. 3\l '02:5 a.o~~a 1.0:!2 
77 13 2,<1153 11~39 462 0.0'3 1.02S 
75 14 2: • ..a&t 0.:0') 4'3'3 "·"' 1.lJ3:i3 
7S 1:5 i!.07l 0 . 3'3 S36 ~. 10 1.034 
74 16 2,081 ta . 3'l !5'7:0 -'-11 1. ~3'3 
73 17 Z,ll'Jl 0.40 611 0. 1Z t • .a•• 
1Z 18 a . 10J 0.W "'" 0. :a 1.049 
7l 19 2.11:5 0.40 689 0.13 t .0~4 

70 u a, tee 0 . 40 7'23 0 .14 !.<I~ 

6'3 21 Z,t42 ;1,41 768 0. I:S 1.066 
;a 22 z. !S7 ~ - 41 806 0 . 15 ,1.073 
67 Z3 a, 173 0.41 84'3 0. :s 1.079 
66 z,. a, :a9 0. 41 8'3111 0.17 1.il86 
6:5 2S 2,207 0.42 933 0.19 1. 0')4 
64 26 <!,U!! 0. "< 97:5 0. :a 1. ::za 
S3 Z7 2.2•!5 ll. 43 1,019 0.19 1. 10'3 
S2 28 2, Z6.5 1! . 4.1 1,06.1 ~.ae l. 1! 7 

61 2'3 2,<!67 1!.43 1.1~ 11.21 I. 12:1 
6111 311 2,3~ 0.44 1,1~5 111. 22 1.134 
:59 31 2,333 0 , 44 t, 2'02 0.23 1. t43 

:58 32 Z.l~ 0.4:5 I ,Z50 a. a• 1. 1.:2 
:57 33 2,38:5 1!.4!5 1,2'J'3 0.2:1 1. !61 
:6 34 2,412 a. ;,.o 1,349 'lJ.a:& I. 171 
5:1 3:1 2,442 <11.46 l, 40\1 0.27 :. 181 , .. 36 2 .•72. ..,, 47 1, 453 0.2!! 1. ~9t 
:53 37 2,504 0.47 1,!37 0 . 2'3 ~. Z\ll 

2 Ja 2,!538 0 . 48 1, !i6..3 .1.30 t.a!a 
:Sl 3'J 2:,~74 0,4'3 1,6211 t.a. 31 t .e23 
50 41l .!.&11 1!.49 1,678 0.32 L -?!4 
4'3 41 2.&511 0.50 1, 739 0 .33 t. .~t..S - 48 42 2,&'31 a. :51 1,801 0 .34 !.a..., 
47 "3 2, 7.l:S a . s2 1,865 0.3~ ! .2S9 .... 44 .a,7Sil 0.53 l,'l3l ~.37 t.Z!I 

"' "' 2,828 0.54 2,000 ll. 38 ~.~z .... 46 2,879 III . :SS a, 071 0 .Z9 t . ~~:5 
43 47 .!,933 ~.5& .!. t4~ 0.41 t. lta 
42 44 2,98'3 0.!5'7 2.~1 a."< 1 . 3.31 

4\ 4') l,GI49 0.:!8 2.29t 0. :.4 :.344 
40 :5111 3, 111. 0.:59 Z, J84 -~ . _, :.3.:7' 
39 :51 3. :78 111. 60, 2,47111 ~.47 :. 371 
38 :52 3,24'3 0.62 2,560 0. 48 1. ZS4 
37 !53 3,3:23 0 . 63 2,6!54 0.!11 ! • .l'J8 
36 , .. 3,4~3 0.64 a,753 a.:s2 1. •:.z 
3!5 " 3, 487 0.66 2.8:!6 0.54 1.-25 
ZA 56 3, :577 0.68 l,9b!5 0.56 ! . .:U.. L 

33 :57 3,672 0,70 3, 0 8111 11.58 l. 4~:S 

32 58 3,n~> 
"'· 7l 

3.21111 a.5: 1. 470 
31 

,., 3,883 . 11. 74 3,329 0.&3 \. 485 
30 60 a,~e "'· 76 3.464 0.60 1.5N 
2'3 61 ... 1~5 0.78 3,608 0.&8 !. ~!5 

28 62 ~,260 1!1.81 3,761 "'· 71 I. 531 
27 63 "· 411:5 11.83 3,92:5 0,74 !,546 
26 64 4, :562 o . as 4, 101 0.7S 1. . '!JE-2 

35 65 4,732 0.'30 - ,.21'3 0.81 1. ~77 

24 66 a,f317 .1.93 ..... 92 .b.35 :.:'33 
23 &7 5. tl"J 0.97 '-,7i.2 0.8'3 : .609 
az 68 5,33'3 1.01 4,3~0 0.'34 1. 6.<:5 
a::. 6'! S,~Sl L. ~6 ~ • .!:0 0.'39 l.Gz..~ 

all 711 5 , 848 t.ll :5,"95 l. ., .. t.s:s 
:9 7: 0.!•.3 I. 16 :5.81118 : . :.a !. . 074. 

:a 72 &,•7'2 t • .U 6, 1~ 1. : 7 \ ,6'31 
l 7 73 s.a•t l .. J'l 6,:5"2 1.~4 ~ . ·M 

16 74 7,Z~G I • .37 6,'375 LZZ !. 7~4 

t: 7~ 7.727 :.46 7,•6'> t. .. l :.. 7•: , .. 76 l.~S7 1.57 8,ob.Z2: 1. ~2 ! . - : a 
t l 77 a,a91 ; .sa a • .os3 1. 6"- :. 77~ 

t3 79 '3,6!'3 1.i!oi! '1.Q.~ :. 79 !. f ?.! 

I ! 7'J ;QI ,AS2 I. 9'3 !.'Ill~ .!S~ :. '3~ L.31t'3 
:.21 130 L 1. 515 a. La ~ ~. 243. ,! . i.~ :. a.<s 

'3 a: ~Z,7S.5 2.42 ::. 6<!7 a: .. 3'1 ~. 8"" 
s Sol : -.l7l J,. 72 :."-',.iZ1 2 . 70 ! . S~t 

7 83 :.o.•.:.:. 3. !.1 1&.29'3 .: • .t8 :. 'J78 
0 a• t"J , 12.Q. 3.6Z 1'3.~~ l.S<J :. 895 
:5 9S .!2,947 4 • .3:5 ~2,66;1 4.33 ! . '313 

• 86 za.o7t '· -..l 
Z8,,0l 5. "Z 1.'33ill 

:;; 87 38.215 7.2 .. Ja. !6<! 1.Z3 l.'l-a 
.! a a !57.:1117 : .21.35 57,.:!72 :·.21.a5 1. '365 

8'3 !1,.,:5'36 21. 7QI 1 !lo, !rr9 2~.73 1 .'383 



-<ERft!NG Q£~1AI.. SURVEY TAat...E9 

. ., .. AL Tl n..DE of 2:5111111 , .. ~. 
c:.. !:-<O~ET>:~ OBSER\1. OBSERV. OBS'!R\1, ,_CR:Z. "CR!Z. s:z:: 
'I&;;Ul:NG "MlLE DISTANCE Oi3TQN~ D!STI!NCE C:ST<INCl! AOJt.:ST:-::NT 
c:e ;. c:e;. f~ ll\ : •• r .. -: MS!ee .. <ICTQR 

------------ -------·----
"Ill ill 2,:51110 111.•7 0 0,.,., 1.~00 
19 2,:50111 0.•7 u 0.01 l.Nill 
88 2 ~.:502 1.1>7 87 0.1112 1.0..,1 
87 l a.~0.J 0.47 tZ! 0.1112 1. 401 
85 .. 2.!106 

''· 47 
! 7:5 0. •U 1.002 

a:s :5 2,:5111 0.•8 a19 0.1114 t. -~11114 
84 6 2.:11• e. <.a 263 .,,.,, 1.~s 
83 1 2,:519 0.48 31117 0.>J5 1.<11117 
82 8 2.:52:5 0 .... 3:51 0,.,, 1.010 
51 9 .!,:5.11 0.~ ;r36 0.07 !.'llll.l 
illil 10 a. :539 0.~ ""'I 0.08 1.1H:5 
79 II 2,:5"7 0.~ 486 .. .., 1. 0 \B 
78 12 2, :5:16 0. •a :531 0.10 L0U 
77 13 2,:56& 0.49 :577 <1.11 1.0<!6 
76 14 2,:577 111.49 623 ~. 12 L0l0 
7:5 1:5 2,,&& 0,49 li70 0.13 1.034 
74 16 <!,WI lf,4'J 717 ol).ta. t. <139 
73 17 2.61 .. 0.:5111 764 0. 14 1.044 
72 11 o!,lio!'i "·" 9!2 e. ::s t.~4'3 

71 19 216.44 0.:511 861 e." t."4 
711 2111 i,S£0 111.:511 910 0.17 1.060 
6'J 21 o!,!i78 0 .:5 1 9611 0. II t. 056 
68 22 2,696 11.:11 1,0\QI 0. 19 1.073 
&7 23 z. 718 a. :u 1, 061 0.29 1.079 
66 24 a. 737 0.:52 1, 113 0.21 ! .086 
6:5 2:5 2,7:58 11!.:52 I, 166 0.22 1.094 
li4 0:6 2.782 0. !13 1,219 '0.23 1.101 
li.1 Z7 2,106 11.:53 1,27• 0.2• 1. !09 
li2 21 2. 6.11 0.:54 1, l29 0.2:5 1. 117 
61 n a.~l a. :54 I, 386 0.Z6 1.12:5 
611 30 Z.H7 0.:5':5 1, .. 3 0.27 1. 134 
:l!i 31 2,917 a.:s:~ 1, ,02 0.28 1. 14.1 
58 32 2,948 0.:16 1.:162 0 . 3:0 1. ! 52 
:57 33 2,!i81 .a. :IIi 1,&24 0.31 1. 101 
:56 3~ J,at6 Ill. :17 1,686 0.32 !. 171 
:5':5 3:1 3,11, 2 0.:1& I , 7:51 a. 33 1. ta \ 
:14 36 3,CI'JIII 111.:59 t,SIIi 0.34 1.1'H 
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52 38 .3, 173 e.6111 1,'1:13 <1.37 1.~~z 

!11 l9 J .,2:t7 i&. Sl :?,024 111.38 1.:!23 
:e 411 J,ZS4 Ill. liZ 2,098 0 • ..., 1 . :!34 
4!i 41 3,313 0.&3 -2, t 73 0 ... 1 t . z•:s 
•a 42 3,3&• Ill. 64 2,2:51 ,,43 t .a~ 
47 43 3,418 0.&:1 :!,331 0.44 1.269 
40 •• 3,47~ e.6& a, 4t• 0.46 t . Z81 ., 4:5 3,:5.16 0.57 :!.:500 0.•7 l • .!'JS .... "6 3,:1'39 111.68 Z,589 0.4!i : . 30, 
&3 47 3,1i6& 0.69 .!.sat 3.:51 1.318 
•z •a 3,736 

'· 71 a. rn 0.53 l . 331 
at 49 3,811 0.72 2,876 0.:54 t. J44 _., Sill 3,389 <1.74 2,979 .,., ... 1. 3:57 
39 :51 3,973 111. 75 3,087 0 .:18 I. J7t 
38 52 •• 0'61 e. 77• 3 , .!00 ill. Iii 1. J8.4 
37 :13 •• 1:54 0.79 3,318 111. 63 1 • .!18 
36 :54 ·.~3 11.81 3,441 0.D:5 1 .G. l~ 

35 :5:5 4,3:19 3.!13 3, :170 0 . 68 \. "26 
J• 56 ··"'-'1 '~• 8:1 3,N6 III.N t. ""'1 
33 :57 .,:1911 111.87 3.a::e "· 73 1. 4~~ 

:re ::a •• 7!8 0.89 t.,00t 0 . 76 1. 470 
31 :59 •,a:~" 0.12 •. IIi! 0.79 L aa:~ 

l0 60 5,000 . 111. 9 :5 •,J-30 .a.az 1.~.80 

:!9 01 :I, 1:57 ill. !iS .r., :ste e. a~ l. :51:5 
~a 62 :5.32:5 t.~t 4,732 ll.S!i 1. ~3: 

a7 li.1 :s,::01 ~. 04 •,91117 0.93 t. !:;46 

:!li 64 5,703 !.1118 ,,tZ-6 0.'H \. ~~ 

:?:I ss :1,916 t. l~ 5.~61 !.02 :. :577 
l'- 66 6, t46 1. 1& 5,&1, ! . CIS t. sn 
23 li7 6,398 t. 21 ~.a9-a I . 12 t. 6i119 
22 68 6,S7& 1 • .36 s, ~.aa :. :7 t.SJ!Z 
z: ,, 6.176 L • .lZ 6.5:3 ~ • .Z3 1 . S--,l 
l0 7111 1, 310 !.. 31 6,869 1. 30 t.S:IS 
:'J 7! 7,67'] :.•.:~ 7.~61 !. 38 1. 67" 
16 7i! a,e'Je I. SJ 7.-'i• 1. ~0 I. Sll 
17 73 a.:::: :.6i! a. 111 !. ~·:s :. 7~8 
:6 7" 1,070 :. 7~ 3,7:9 :.6!1 !. 7.!~ 
::~ 7: 9,5,'3 t.GJ 9.33QI :.77 :. 7•t 
!" 7& t<a •. l.J4 1.'36 :0, •027 :. ?•4 :. 7::8 
1:; 77 L l.. ~ L4 l. 1~ 10.829 .!.~:5 : . 77 '!1 
• > 78 12.~" :.zs :t.iOZ a.~l : . 71Z .. n :l. : J2 ~.48 .. ~.461 a.~. l. 8~'3 
' 'I) 30 t4,l'37 l. 73 : .. ,!7& ! . 61 1. a~s 

• 8 1 t,.'l8t J.lll ::.784 Z.9'3 : . Q4.to. 

l az 17. 963 l. -cl 17,788 l. 37 !. Sti~ 
"! 83 ~0.!H4 3.39 -Oll.36: l.a& :. a·a 
,; 84 Zl.'3!7 ~. ~3 .?2, 7a& t.., :-0 !.89:1 
5 8:1 Z3.sa-. '· -l 

zs. ::17:5 '· o\1 1.1ll 
4 96 l:5.S371 5.79 3~. 7~2 5. 77 1.'330 
3 i7 "'· 768 !i.l5 47,703 3.03 1.9•8 
l a a 7!.63• IJ. :57 7t. ~30 13.::6 t. 716:5 

8'J t43.Z4:5 i!7. 13 ~'tJ .~23 ~7. ~3 :.183 
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C1.!:VOI'<E""iR oas~w. 095C:JW. oss .. w. -Oi1ll. "ORIZ. S!lE 
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90 0 3. ae0 ;1.~7 0 "'·~"' l. "'-:0 
a'J 3,ae0 <1.~ ~ <1.1111 ~. "'~" 
88 a J.~az 0.~7 llol~ q,.~"2 L.t'ial 

87 ~ 3,\1104 0.~ t :1 7 e .. u 1.00! 
86 a 3, <11<117 0.~ Z!~ .ll.a .. 1 . 01b2 

85 5 l.011 0. !:7 ~62 0. 0 5 \ . 0>14 ... 6 3.017 0.57 31~ .~~.~6 1. 1ol.ll5 

83 7 ::!.323 0 .57 Ji.a . 0 .<17 !.<l!07 
sa a J.<aa'3 .a. 57 4;!3 0.08 1.010 
81 9 3,037 ~. ~a 47!5 0.~ 1.e1~ 

ae 10 J,:IJ46 'll . 51 :Si!'3 'll. Ill ! • .IllS 
7'3 II 3 . 1il:Sii 0.~8 583 0. 11 !.018 
78 12 3.067 e. 58 6.38 lb. ta 1.lll<!l 
T1 13 3,07'3 0.:sa 693 ~. :J 1.~6 

76 I " 3,\1192 0.5'.1 1•a a. 14 l .a30 
~ I:S .J , !01i 0.~ S04 0.15 1.034 
74 16 3 , 121 1),, a6<a 0.:6 l.<Jl~ 

73 17 .J, :37 0.:SS '917 0. 17 : . .;)'"'-

72 I a lt 1,. 0.U "l7S e . :a l.lb"'i 
71 19 3, 173 0.60 :,033 e • .;e l.,.,~'-

70 20 J, 1,3 0.6J 1,~2 .a. zs 1. 010<1 
69 21 3,213 0 .61 I, >52 .ll.CZ :.0&6 
6a 22 J,:l36 0.61 1, 212 .a. JJ 1.<173 
67 n 3,25'9 e.oe 1,273 0.~4 •· a75 
6 6 24 3.Z84 11.60! t,Jl6 "'·~ l.il86 
65 25 3 .310 0.63 1,3'39 ~ • .!6 1.0'34 
64 Z& 3,338 0. 63 I, ~63 >D • .ae :. :.at 
63 27 3,367 0., .. I, 52'9 0.2'4) 1.10'3 
sa Z8 3,398 o1J,64 1, !59!5 0.30 1. 117 
61 2'3 l,t.JI ;).65 1.663 0.3 1 I . 1.!!5 
se 30 3,464 0.66 I, 73a 13.33 1. Ll4 

:59 3 1 2,~110 0 . 66 l,a03 0.34 1. 1•3 
58 32 3, :538 11.67 1,87!5 0.36 :.1::2 
:57 33 3.577 11.68 1,948 0.37 1. 1&! 

:56 34 3,619 11.6'3 a,tlla• 0.38 l.l7l 
~ 3.5 J,66Z 11. 69 z, 101 0 . 40 :. 15: 

'"' 36 3,708 ~. 70 2, LSIZI 1b.~t 1.19: 

::13 37 .3,7~6 IZI. 71 a. 2&1 0,43 l • .aet 
~ 38 3 ,807 ~.72 :2 • .344 c.•~ !..~t~ 

:It 3'3 3,860 0. 73 2 ,44!9 0.46 :.. a:a.J 
::0 ~ 3,'316 0 . 7• ~. :51 7 0.48 1.~Z4 .. ., 41 3,97!5 0. 7:5 "608 0.49 L • .l•~ 

"8 102 4,037 0 , 75 2,701 0. ~t :.2:7 
47 43 •• 1'02 0.78 a. 798 ~- ~3 1 • .lS"'i 

•e. .... 4, 11e 0.79 3:,697 0.:5!5 :.. 2Sl 
4!5 45 4,243 0.80 l, olle<ll 0.~ 1.Z~3 
..... 46 4,319 111.aa 3. 1 ~7 "·" :..ll~ 

43 4 7 :.,399 0. 83 3,217 ~-lit :.3:8 
102 4<1 . , .. a3 0 . 11:5 3,3.32 '4). 6.3 :. 331 
41 49 ... 573 0.87 .3, .. !51 0 . 6 ::1 :. . .J" 
40 50 •,66 7 0 . 88 3, ::17:5 0. &a ! • J:? 
3'3 !! I 4,767 >11. 90 3,70!5 0. 70 1. 371 
.u 52 •,873 0. 92 3 , 840 0 . 73 1.38.4 

37 !!:! 4, '38:5 0.94 3. '3111 •3. 75 L338 
l6 :54 ,, 104 , , 97 4, !0:'9 o11. 1a t. ~1.! 

3::1 ~ :5, .23;! 0.5'3 .. , Z-84 0.8t :."-16 
34 56 :5,36!5 :.al .. , . ...., <~.a• :. . -""; 
33 ~ :5,508 I. IZI" 4,i<"0 0. 87 ~. <\:!5 

32 sa S,60 t 1 • .117 .a,S01 Q,9: :.•73 
31 ::19 5,825 1. 10 4,':193 0.1~ t. -as 
30 60 6, "'1110. l o 14 :5, 196 <1.98 L.:i~e 

l'J 61 &,:aa 1. t 7 :5, 412 •• ~3 :. :as 
as 62 6,390 I. 21 5,642 :.07 1. ~31 

.27 63 6.608 1 • .!:5 5,aall I. 12 :.. :'6 

.a& 64 6,644 I . 3~ 6, t S 1 L 16 :.::.;a 
~ &S 7,099 1. 34 &, t.J4 t . !a L *$77 

.24 6& 7,376 t . GIIb 6, 738 t. .29 ~ - ~'33 

23 &7 7.678 :. 4~ 7 • .a&a Ll4 ! .6a9 
za £8 a . bll8 i . 5a 7, 4.! :5 :.4..1 ~- 5~:5 
..,.. 65 8 . ::!7: I. :59 7. ii! :S :. '-8 L 6to.2 
.!~ 71l a, 771 t. QO a.3..-, :. 55 l o i~G 

~~ 71 9 • .!15 :. 7~ a, 71J L. i~ L 67~ 

:a n 9, 7::18 !. 84 9,.23::! : . 7:5 :.&'il; 
17 7::! 10. 261 :.74 7,813 1.as \, 7~8 
:s 74 10 ,ae• .!.36 1a. •sz : . 98 :. 714 

·- ~ ! 1, S9 L .! . .!0 1: . 196 -a.:.~ 1. -t-1 

Ito 76 :.a, A-t~t a.3:5 11!. 0.34 ~-la :. 1:a 
12 77 :3,336 .!.53 1.2.'394 Z. A-6 I. 77'!5 
IZ 78 1~.~29 .!. 73 ;4, :.14 1 . 67 :.7'?.! 
t: 7'3 ~ 5, 7~3 .2. ?8 1 ~. 6.J4 3.~-a :.. a~"7 
:o a .a 17 • .!76 .3. 37 17. ~:· J . ~~ :.S3-;i 

'3 a: .7, ;77 .l.SJ 18. '3"1 3.!"'3 :.844 
8 a a ~1. ~~6 • . .,8 a~ .J4i 4 • .:~ ! . 866 
7 9::! ~~.t . G16 •. 06 ~ .... 33 4.Sl : . 1173 
Q ., .. ~a . -ra.a , ..... .!S, :543 !j. -: t.as: 
5 85 34, Q2:1 o.~e 34,.!'10 c..-~ : . '913 

86 4J~.ll07 a. : :s 4a.1~2 a. :J ;,gz~ 

3 87 ~.32:! ~ ~. <3!; :57,.!43 10.84 :.'3<..8 

l a a 8:5. 96 1 15 • .!8 8:5, 908 :s.a1 1. '36!5 
<39 171.894 J,. 56 17: .a&a ~z.~: !. '3113 



Appendix VI 

Tne following maps and survey forms illustrate recommended methods of 

recording aerial survey dat:a. Record all fish sdlool and spawn measurements 

in cne Engl1sh system. Although, the metric system is preferred for 

scientific investigacions, most observers may feel more comfortable and are 

less likely to make errors in working with measurements in feet, miles, etc. 

Engllsh system units can be converced to metric units later. Please complete 

maps and forms as carefully and neatly as possible to avoid problems in later 

interpretation. Hopefully the following examples are self- explanatory. 

During actual surveys, please record any addi tiona! informaticn you think 

would be important and helpful to analysis of the data. 
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t.US • ~-~~a) waurn soar. at 'tVatJ.vu Say. 
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•llt.arvu B&y. 
IIET • Mtt.arvu - eutam poJ.nt at Mer:ervu aay co Rl.o;nt. BAna Powt. 

&NV'S'Ak 5cC1M 

Nl/1( • hrJnaVIIC:Dol.it - lb.<Jlt IlAna Pol.m to tn;all.JC""..blWt Pol.nt.. 
I..CL • t.hg4J.uw~ - ~lllt.n.l.~ Po~ a) MdlOr Pol.nt l.ncliXW'lg SU:Ial.t 

t alana. 

Tpg t M s,s; t"' 
'I'CC • TCI;lU - Anc:nox PoUlt co TCI;l.U !IH£. 
nc • ~ ~ - To;Uit RHI co '1'IXr;Ue Point.. 

Htspwttttr St(±i m 

lflC • H0to91Jt - Tcni;Ue PoUlt to Enua Po~. 
CI5K • Olivi.M - £atua Pol..nt t.o Nor~ L.llce. 
m • Pync.e Pol.nt - Nor_, t.au co 'l'llkclailr1Jt PoUlt. 
~ • ~.-~ -~u Point to cape ~. 
HAC • Ha911111iat.ac -~ taanli. 

3/ Qirvey Ra t.1n9 I 

l • E:lr.cellenc cc:aa, no ~·) 
2 • Gooa (1.1911'1:. n~•· urwven llqnt.1ng, M6'f tO spx liCIOOlal 
l • Pur ( ll<;ht c:nop, aome ~· oc sbadcwa, rwt.i Yel.y ... y co apx 

acnoola) 
4 • Poox (rCUJI -., aucng ~·· aitfiallt to spx ICXIOOJ.a) 
s • tklauaiiiCtory 

l ua t:loAI\ or er:;w.l w 538 tt.2 (50 ~~ . c;rrcac toan 538 xt2 (50 ~~ l:alt l ua t.blll oc .qlal to 4,UJ. 
It (450 ~) . 
9CMtaC tll&ll 4,UJ. f1:2 (450 ol) • 

S/ Conlluuon F~a: (IIUI:))ec: co mange peoain; n.~ aau) 

l -1.52 llt/W (l.J-.;»All :ac wtK dllp:U of l6 tt (511) oc l ... 
2 -2.51 a;tfMI (2.J4K/W) :CC ...:ac dllpcl:la be~ l6 tt (5111 and :16 tt (IIIII. 
l -2.13 llt/W (2.5711t/Wl :CC lMt8C ~ c;tMtu tbal1 26 tt (IIIII. 



Apt::endix VII 

The following map and forms illustrate the recorrmend;d method of recording 

bianass conversion estimates. use a survey map to indicate location of the 

school and purse seine set. In most cases, information will be gathered by 

ADF&G aerial observer(s), the commercial spotter pilot and the commercial 

purse seine vessel operator. In some instances an AIF&G ground observer may 

also be present aboard the charter vessel. Hopefully, most catches will be 

landed so that catch weight can be obtained during the unloading process. 

Instances may occur in which (1) the net is riH?ed or fouled and catch lost, 

or (2) the catch is predominantly spawnouts, cannot be sold and must be 

released. In such cases biarass conversion factors will be calculated using a 

catch weight estimate provided by the spotter plane pilot or charter vessel 

operator . Make every effort to avoid such occurrences by contracting 

experienced seine vessel opera t ors and making arrangement with 

buyers/processors prior to ccnduct:.ing a bianass conversion estimate. 
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BSH- _ ,.l04 HERR ING BIOMASS CONVERS. jTIMATE ~JO RSHEET 

Date S'/;o/RS' Time ;: 30~ Location ()GL -1 Survey Rating_..;_2..:--__ 
I I r 

Observer ( s) Le /,, J<¥. 

Airspeed ~J,k Altitude I s:iJofT % Cloud Cover ;.{' 
> 

Vessel F/tJ Sc:-ovt-
7 

Tender /o 1/. /Jon 
f 0 

Water 

Depth 

ADF&G 

Aerial 

Ground 

Charter 

Processing Vessel ~~~ 

Distance 

from shore 
(Mi) 

I wr; 

School Surface 

Area {tt2) 

A= ~ 7..(o fT z 

Wind )JE S' k-6 Water Clarity G'ooJ Tide Stage Ehb; 'd 

Spotter Plane ff} -!~ (J.Pzy2P) Pilot .Sr~oofj .Sr'I!I;Jb 

Company ~IJsic/e.. 
--~~v~~~---
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yo 

Maturity 
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of Cat ch 
(St ) 
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Factor ( s t/538 tt2) 

I C/A X 538 = :2. 87 
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Survey Charter 

Date Rating Code Location 
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.:;-j;o ;2.. ~ U6L -1 
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to spot schoo Is) 
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HERRING INDEX 1\ .uMASS SUM~1ARY -District /OGtiJI( Year 19 f..S 
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tiooe 
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HERRING AERIAL SURVEY DISTRICT SUMMARY -District IO<S t 'fi K Year / ? r£ 
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