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SUMMARY 
This data report presents a desktop review, conducted by the Marine Conservation Branch, on 52 long
term monitoring sites established as part of the Ningaloo Marine Park Monitoring Program (NMPMP) 
in 1998/1999 and 17 monitoring sites established in Bills Bay in 1989. The report identifies and 
addresses issues relating to the accuracy of monitoring site coordinates and presents corrected site 
coordinates standardised to the datum WGS84 and displayed as decimal degrees and northing/easting 
(AMG zone 49). The datum WGS84 is equivalent to the standard datum GDA98 adopted by the 
Australian Government. The corrected and standardised monitoring site coordinates for the NMPMP 
are listed in the appendices and supersede any monitoring site coordinates presented in previous field 
and data reports. The site coordinates listed in this report should be used in all future NMPMP surveys. 

The data report also clarifies the standard procedures used for recording monitoring site coordinates 
and relocating established monitoring sites. 
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1 NINGALOO MARINE PARK 
The Ningaloo Marine Park Monitoring Program (NMPMP) has established xxx sites in the Ningaloo 
Marine Park (NMP) and proposed southern extension bewteen 1989 and 2000. These include xxx 
transect site which are permanently marked using starpickets 

1.1 GENERAL 

In 1998 the Department of Conservation and Land Management (CALM) established the Ningaloo 
Marine Park Monitoring Program (NMPMP) to provide information on the health of benthic 
communities of the Ningaloo Marine Park (NMP) to detect any undesirable trends so that CALM, if 
necessary, can take remedial action to prevent irreversible changes from occurring. The locality and 
boundaries of NMP and surrounds are shown in Figure 1. The NMPMP has established a total of 52 
monitoring sites (30 'transect' and 22 'non-transect') between 1998 and 1999 and surveyed 17 
monitoring sites established in Bills Bay in 1989 after coral mortality from the mass coral spawning. 

The NMPMP currently uses standard protocols for determining monitoring site positions. These 
protocols are based on using a differential global positioning system (DGPS) to record site coordinates 
to an accuracy of better than three meters using the datum WGS84. However since the commencement 
of the NMPMP a number of issues have been identified regarding these protocols, including: 
• confusion in regards to datum usage; 
• lack of experience in the use of position fixing equipment; and 
• the use ofGPS (which has an accuracy of between 5-10 meters but occasionally 200 meters). 

To address these issues, the protocols need further refinement, need to be described clearly and field 
staff must gain expertise and confidence in the protocols and in the use position fixing equipment. 

This report provides the results of a desktop review conducted by the GIS section of the Marine 
Conservation Branch in order to verify the accuracy of the site coordinates for NMPMP monitoring 
sites established between 1998 and 1999 and the monitoring sites established in Bills Bay in 1989. The 
review was initiated in response to the problems experienced in the re-location of monitoring sites 
caused by variations in the protocols used for recording monitoring site coordinates (eg site coordinates 
recorded in a variety of datums and formats. In addition the Australian Government has adopted 
GDA98 as a standard datum and CALM is legally required to convert all current data (including 
monitoring site coordinates) to t!1is datum and collect all new data using this datum. 

1.2 BACKGROUND 

To date the NMPMP has conducted four field surveys to the NMP, with the first two focusing 
primarily on the establishment of monitoring sites. The first field survey of the NMPMP in May 1998 
established 21 long-term monitoring sites ('transect') along the back reef of the NMP and proposed 
southern extension. The details of this survey are presented in the Cary et al., I 998 (Field Program 
Report) and Cary et al., 1999 (Data Report). The second survey in August 1999 established a further 31 
monitoring sites (9 'transect' and 22 'non-transect') along the back reef, lagoons and shoreline of the 
NMP and re-surveyed two sites established in 1998. The details of this survey are presented in Daly et 
al., 1999 (Field Program Report) and Cary et al., 2000 (Data Report). The third survey in December 
2000 re-surveyed ten 'non-transect sites established in 1999 located in areas of human usage. The 
details of this survey are presented in Grubba et al., 2000 (Field Program Report) and Grubba et al., 
2000 (Data Report) . 

An additional NMPMP survey conducted in May 2000 monitored 17 monitoring sites established in 
Bills Bay in 1989. The sites were established throughout Bills Bay in order to monitor the impacts of 
the 1989 mass coral spawning event which resulted in the deoxygenation of the near shore waters of 
Bills Bay causing extensive coral mortality. Previously the sites had been monitored in 1989 and 1994. 
The details of the May 2000 survey are presented in Cary et al., 2000 (Field Report) and Cary et al., 
2000 (Data Report). The May 2000 survey experienced significant problems with site re-location. 

During the August 1999 field survey, two monitoring sites (Nl and N19) established in May 1998 were 
surveyed. One of these sites was re-located only after an extensive search, while the other site was not 
re-located. These difficulties experienced raised concerns regarding the ability to re-locate sites 
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effectively. To address this, CALM Exmouth staff tried re-locating a number of monitoring sites 
established in 1998 and 1999 and were able to re-locate sites established in 1999 relatively easily re
located. However sites established during 1998 were difficult if not impossible to re-locate. During the 
May 2000 survey, site relocation was trialed again with the monitoring sites established in 1999 were 
re-located easily. One 1998 monitoring site re-located after an extensive in-water search. The site was 
re-located approximately 200 meters southwest of its recorded position which could have been due to a 
datum shift or the accuracy of the GPS. 

The July 2001 NMPMP field survey will select and monitor approximately 16 monitoring sites 
established during 1998 and 1999. This sample of monitoring sites will be monitored on an annual 
basis. It is essential that the issues relating to site coordinate accuracy and site relocation are addressed 
and a practical solution reached prior to continued monitoring surveys. 

1.3 AIMS 

~ DETERMINING SITE COORDINATES USING GLOBAL POSITIONING 
SYSTEM (GPS)RECORDING LONG TERM MONITORING SITE 
.COORDINATES 

f,_l G!,OBA~ PO§TION_~G SYSTEJ\1S (GPS) 
:the-most effective 'way of determining a site posltion in lati~ude and longitude and relocating a site IS 
through the use of a Global Position System (GPS) apd/or Di,fferential Global Position System (DGPS). 
There have been issues reiating to the accuracy and suitability of these two systems for use in !orig- · ·
term monitoring. The following. sections summarise• these issµes and makes recommendatjons on which 
sy5.~ m/~are suit.ab!e fo[ _!lse in th,e Marin~ Conservation Bra1_1cg l_2!}g-term Jil9!ll~9ring progr_a!_Ils. · ··-· 

2.1.1 9PS 
.fhe Global Position System (GPS) is a-hand held unit that receives and uses satellite signals to 
calculate the position on the sµrface of the earth in latitude an~ longitude. The acct1racy of t~~s.e 
positions is affected by the following error sources: 
• Localised ionospheric refraction of the signal: the signal path between the receiver·~~~ l~ satellite 

~m~y be •bent whi'ch can lead to the over estimation of.the satellite-receiver qist~µ,ce:;_ 

1e, The number of visible satelJ~ ~-~ Li!~Jr geom~Jry relatiy~ t9 t1!_e U.~~; ~_n,4 
• The quality of the Qf S u,nie 

In addition GPS units prior:to May 1999 GPS accuracy was affected by "selective availabrJity" an•in
built error imposed-by the US Government which caused errors of up to 100. meters. During this period 
GPS units were not used in long-term monitoring due to th.e large "selective availability" error. As of 
-1 st May 1999 the US Gov~rnment removed "selective availabili~y'' and c~rrent GPS ac,curacy is now 
affect~~ only by the three error listed above. 

The st~ff at Magellan GF,-~fSystems· in,Perth tested their· range of GPS receivers against a ~nown survey 
coordfnate and found barely 2.6 metres eqor in eastings and-3.4 ineters in northings, whi'ch.eqµates to a 
linear erior ·of 4.28 meters (Me"asure &Map July 2000). Figure xx compares GPS reading variations 
prior tb "selective availability" being turned off and after being turned off (xxxxx 2000). it is 
important to note that despite. "selective availability" being removed the quoted accuracy of GPS units 
are based on statics. The current error is better than 10 meters 90% of the-time and betterthan four: 
meter.s 70~ of t~e time. Hoy.rever it is s!i!J possibJe to get ~n ~rror thE~ i~ in e_x<::ess of 100 meter~:, 
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figure xx. The effects of 'Sele<:: tive Availability' on GPS accuracy 

g.1.2 :P.G?,S 
llifferenti!!-f dfobai Position Systems (DGPS) use a standard GPS unit connected to a ciifferentiaf 
demodulator. 'Fhe differential demodulator receives a correction signal from fixed ground stations, 
which are then applied, to the GPS coordinates. The correction signal removes the errors associated 
with "selective availability'.' (which was removed as of 1st May 1999) and isospheric_ refr.i.iction of the 
signal. The corrected coordinat~~ have an error of approximately 1-2 meters. 

The MCB used a DGPS unit for long-term monitoring when "selective availability" was applied. The· 
DGPS unit (Fugro) used by MCB experienced many malfunctions in the field due to power problems 
iind cos_t approximately_ $?0 P,yr hour to !Un and is a rather bulky m:1it that takes up value space iµ. small 
):,oats. 

7.!I-~.. ~~Q!!!IDt:ndatiQ.!!~ 
J'he removal ·of "seiective avrulability" from GPS units has reduced the potenial error and Jesened the 
,advantage that main advantage of using a DGPS over GPS units has been removed. GPS units are now 
capable of recording a site position to within 10 meters or better (errors are further minimised by !._~king 
multiple readings during a 5-10+ minute period). Whik DGPS units m~JH.i.t!n t_~eir caQ_ability of 
recording a si~ posi~ion to wit~in ~ met_ers or b_etter. 

GPS units are now suitabie for use in long term monitoring as long as a little additional time is given to 
recording coordinates. However the use of DGPS is still preferred. MCBs current DGPS unit (Fugro) 
should be disposed of as jt costs $20/hour to operate, is old (subject to malfunctions), is bulky and is 
difficult to use. There are new DGPS ,units available that are in-expensive to purchase/run;' ahd are 
small and easy to use. It is important to -note that new ground station coverage of differential signals is 
limited (in the future co~erage \Vill be increased) and accuracy will be lower in areas with little o_f n9 
signal. 

211.4 :Patµf!l 
in the past the Marine Conservation Branch (MCB) recorded site coordinates using either a GRS or 
DGPS that was set to the datums WGS84 or AGD84. In some cases there has been confusion over; 
which datu,m was used. Incorrect daru.m usage can lead to datY,m shifts that put site coordinates ou_t by 
xxx met,ers. 

In 2000 the Australian Government aclopted a new standard datum known as the Geocentric Datum of 
:Australia (GDA94). The Government has passed a law that.requires all departments to _colle·ct new data, 
1md to transfer existii~g d~ta to the standard df1turn GDA94. As 9fMarch 2001 the MCI3 q!}:_s h!cM off 
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from the transfer,of its existing data. The branch is waiting for the trans.fer syst~m (eg sofiFiir e} t9 be 
ful!y t~ajle~ al}_d refined. Q~f9re._.commi_tting to th,is task. 

ffhe current GPS units (Garmin 12) held by MCB do not have the datum GDA94 installed~ However. 
the datum: WGS 84, can, be used as a substitute for the GDA94. The purchase of fu.t~re GPS unfts will 
need !P ta~e into account the q~ed for the new d_atum. 

2.1.5 Site coordinate format 
In the past site coordinates were recorded in the field using the format degrees, and decimals of a 
minute as the same format is compatible with nautical charts. The site coordinates are then entered into 
geographical information systems (GIS·) software package. Prior to entry the site coordinates are 
converted using a formula to a decimal degree format using a spreadsheet. This conversion is. a often a 
source error due to formqla errors and data entry errors.The increased dependence on GPS. an.d DIS 
s.oftware requires that a, standard format is ado11ted in order to.remove the requirement to convert,. In 
the future all data should be recorded as.decimal degrees. This will be a reguirement in cases wliere 
6PS ,.units l!I'~ !ink~ d (o ~ :P~.1~1?!91? rµnning GIS software in real time. -· -·---- - .. -· · 

Site coordinates in decimal degrees should be recorded to five decimal places to ensure maximum 
accuracy. The table below details the distances represented by each decimal place using the example 
23, 12345. This can be useful to know when re-locating_ sites using site coordina!es in de~ima} c;l~grees. 

xxx meters 

ff st decimal place 
2nd decimal' place 
3rd decimal place 
4th decimal place 
5~ decimal pJ~c .. e 

Decimal Place 

~.2 OTHER DESC~P.JIO~S 

MeterS: 

In a perfect world recording only the site coordinates using a,GPS or DGPS would. be ail that is 
required in order to ,re-locate the sites at a latter qate. It is not a perfect world and errors do occtir when' 
recording sjte coordinates. Reco~qip.g adclitional d,escriptive site positt<?.!1 il}_formatiot1 cal} ~:~·~ve~y useful 
in re,-loc_at!!lg sit~si 

2..!2!! ",Mqd maps'! 
Mud maps are, probabiy one of the most effective means of recording the description of a monitoring 
site. All mud map must include three standard fea,tures including scale, direction, and labels. The 
position of the monitoring site must be clearly described in relation to prominent permanent features 
using distances and bearings. Mud maps also provide the opportunity to record the spatial extent of 
surrounding habitat, a!)d impacts. Information includ;ng the best-anchorage position and dangers can 
also be recorded. 

bJ!2 Aeri~I photognm!is 
When a ·site is first established its location should be marked on an aerial photograph using the pinpric~ 
method while in the field at the site. This provides a permanent record of the site location and provides 
a ipeans of ensuring the sites a located the, mea_ns tg_ te~t the si~e. co.9~c;lin!!,tes re~orded a.t a. latter date 
~lie.n they ove~Iaid over an i milg~ ii} A~cview! 

2.3 COLLECTION OF SITE COORDINATES 
- - ...J., ,,,, ~'°"""' ....... ,., ,.,.. ....,., --;o,, ~ ·'• 

The following section outlines the standard protocols for the collection of site coordinates. It is 
important to note that when establishing.a monitoripg site that will be revisited-at latter dates, that 
aqditional ·time and accuracy should be given to ensuring that an accurate description of the site" 
Io.cation, is provided. It is always important to remember that the persons establishing the sit e .a!:lc(no.t 
alway_§ gojng .!O b_e th(! same p~rsons r(!v.isitt!1g the site, ~o nothing shoyld be !~ken for granted; 
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ai>s andDGPS 
JJ1e ·II10St essential things to reni~tAb£f.Wh~.n 
~ha( Datum Is existing,data i ri . 
What datum.is the GPS or DGPS unit set to 

r'" ,., '.,. ,... ----· ·~ ' ""'' . 
Wha~ 

In most cases prior to going into the field there· should be a process of site pre-se_lectign. T.h.e. 
coordinates of !he pre-selected sites should b.e. entered into the 

lJpoJ! arrivi~g f!t a-site th~ GP~ 1:1ni! shoulcJ, b_e 

!2.4 PLOTTING LONG T~~ MON!TO!UN,9 ~OORp~ATES ~ GIS §Q¥1"~ ~~ 
:(~~<;V~)V) 

...... )'>'""' • ~- ~ .,•0 •· xi.: ••··•.-: -'<' ,... -~ •~'>, 16:' ,'Jr>!°:H: '•:,,-~ '??""""' ,, • ~ 

llhe· coordinates of all monitoring §il~s· wh~n first e~taJ:,Ji_spe_c) §hguJg .b..e. .. ~.n!ered t!ltQ .. ~ Af~,ytyJY.PJ:.<:>j.e.£!: 
Jlh_is e9,i!,~Jes tpe ~ata to be viewed 
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3.1 

~ :~oCATIN(fLONG TE~ MQNITPRING SITES 

GLOBAL POSITIONING SYSTEMS (GPS) .. . --~- . ~ . -

'.There should -be a high level of confidence· that the sites can be re-loc_~ted by simply e.v.tering ,tv_~ i ite 
~09rdinatys into a Q!?S unit and using !he GOTO featun:: .. .. . . 

r:r,he cpordinates of a\! monitoring .sjte~ to be resloc;ated should be entered into the GPSmµitfp,rior to· 
.. . ' " :J, ,f >% . L, ,, 

goiri'g into the· field . When entering the coordinates ensure thar the datum ·of the coordinates is0ADn 98. 
Ifthis is not the case then preferably the coordinates sh0,uld be converted the datum AE>p98 ~~P cases · 
where conversion is not pos~ible' the·GPS datum (ADG98),will need to be changed to the appropriate 
patum. This change should 'lfo noted and the GPS SHOULD NOT be used for recor~Hng .ePY:}Jew site 
CO(?fd_i l!.,ates w~y ~e_t in_lmot'1y~ ~~t1gn. _Car~e ~h~uld be taken if,~oordiI]a~es a~~eadi 

4 FUT!]]!~ I)~VELS)PMENTS 
pne,possible future development that has currently exists is the ability ~o-connect a.GPS to a PC Jo 
:running GIS softwar.e in real time. This ability allows user t9 view their actual location· on ~<!C.!ifie\i 
images such• as a high-resol¼rion aerial image 9r an etectron'i,c :nautical.chart The curre_nt l~'riiif~ti9ns 
with,the use-of this, technology ,in the monitoring program is finding a hardware th!lt (i_an, be __ ~~~~ 
water,proof{or U§e !!1 S!llall tnfl_at~b!es whl cJi.~re a PQ!entjally w~.t:~n,yjro» m~nt 

For this, technology ,to be utilised there needs to be extensive coverage of the coast with high:resolution 
recti:fj~d-·t!rtage~. As of March 2_001 t4e_~e imag~~ exist fg,r the northern Sf!_cJ iQ!!§ oft~~Ningaj_o_oM_arins? 
:E¥~-
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