Equipment for a Reef Tank
by Bob James, President, MAST

1. Introduction

This article providessomethoughtsaboutthe selectionof equipmentfor a reef tank. It was originally
written for someonelanningto install areeftank of dimensions.0!x 3.0!x 3.0!. Thattankis to be built
into a wall, with only the front face on display

The article was not intendedto provide a list of equipment,ratherto discussissuesthat the system
designershouldtakeinto considerationThe article may thereforebe of generalinterestto an aquarist
planning a reef of a dérent size.

Beforefinalizing the designandequipmentspecificationsfor any tank, one shoulddo a detailedlayout,
which would dependon the specificsof the tank®location. Thatis, the shapeandsize of the roomfrom
which thetankis to be viewed,aswell asthe availablespacebehindor belowthetankfor equipmentand
maintenance activities.

Recommendationaboutlighting and circulation etceterain this article would, of course,needto be
scaled up or down for a &r or smaller reef than the one for which the article was written.

The documentdrawson my experiencewith my own tank, which hasbeenrunning successfullyfor 17
years. It hassomewhatdifferent dimensionsthan the plannedaquarium,but is quite similar in total
volume and in surface area.

My tank 7.5!'x2.5!'x2.5" nominal volume 43.7 cubic ft. surface area 17.5 sq. ft.
Planned tank 6.0! x 3.0! x 3.0!  nominal volume 54.0 cubic ft. surface area 18.0 sq. ft.

It makesfor a usefulcomparisonalthoughsuggestiongor the plannednew tank takeinto consideration
new knowledgeand equipmentavailability. It is recommendedhat a new hobbyistalso supplementhis
article with further researcranddiscussiorwith experiencedobbyists prior to selectingspecificbrands
and models of equipment for their new tank.

2. Basic design

When! setup my own tank, | calledthe project, OAMndow into the OceanOMy tank was built into a
wall, to hide all the equipment, and to de-emphasize the very fact it was a tank. | still like that approach.

I have,however seensomespectaculatanksdesignedo showthreesides,with just one shortend up
against@awall. Thisworkswell if you needaroomdivider. Thenormalarrangemenis to havearock wall
down the middle of the tank, so coralscanbe placedon both sidesof the aquascapingSomewould say
this gives you mor©eal estate@r a given sized tank.

Ultimately, the specific layout depends on your room and personal preference.

In any event,equipmentinside the aquariumdistractsfrom the aim of presentinga naturalvista, and
should be minimized.

In recentyears,therehasbeena trendfor displaytanksto be placedin theliving quarterson the ground
floor, with equipmentargely in a basemenbelowthetank. This getspumpnoiseandheatawayfrom the
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viewing area.Suchan arrangementay also serveto move someof the messyjobs into an areawhere
water spills are less catastrophic.

For large tanks considerationshould be given to floor loading. Somehobbyistshave found it wise to
reinforce the floor by using support poles in the basement under the tank.

3. Aquarium Design

3.1 Dimensions

As notedearliet this article waswritten for someoneplanninga displaytank having outsidedimensions
of: 6.0« x 3.0« x 3.0«.

A tankwith awidth under3 feethasatendencyto resultin a solid wall of rock alongthe backof the tank,
and insufficient free spaceat the front for active fish to swim in a relatively unimpededmanner The
plannedwidth of three feet avoids this problem and provides scope for some imagination in the
aguascaping.

A tall tank providesmore scopefor aquascapingaswell asa potentially more stunningvista. Howevey
the inability to reachto the bottomof the tankwith one®handsincreasesnaintenancaelifficulties. Extra
depth also increases lighting requiremeite planned 3 feet is a good compromise.

Thelengthof atankis usuallydeterminedby the availablebudgetor, sometimeshy the availableroom.
Having limited the size of the tank, manyhobbyiststhenoverstockit. This cause$oth coralsandfish to
engagen territorial battles,with resultantstresson thelivestock,aswell asthe aquariumkeeperA more
healthyand attractivedisplaywill result,if a somewhatarger, but lessheavily stocked tank s utilized.
The planned length of six feet is adequate for an attractive display

3.2 Material

Thefront glassshouldbe OstarfeQ(This is abrandname ratherthana style of glass.)The glassis much
clearerthanOreguldglassandis well worth the costpremium,which hasdroppedsignificantlyin recent
years. Strength and scratch resistatceteraare essentially the same as regular glass.

3.3 Structural Integrity
The tank manufacturer/supplier should provide a design with adequate strength and reliability

My own tank usesthe Ofloatingbottom@rinciple. The tank sits on the lower edgeof its four side panels.
The bottom sheetof glassis siliconedto the four sides,suchthatit is suspendedThis avoids potential
stresscracking, which canresultif the bottom glassis supportedover its whole area.The designwas
choserbecausédt wasthenin useby the New York PublicAquarium. It haslasted17 yearswith no sign

of a problem.However the designdoesnot seemto have becomea universalstandard and doubtless
otherdesignswill work. The reputationof the designer/manufacturés probablyone®bestassurancef

tank integrity

For a tank of the proposed dimensions, "# thick glass is a minimum.

Therewill needto be bracesacrosshe top of the tank. Their sizeandlocationshouldbe checkedbefore
manufacture, to ensure they do not interfere with planned placement of other equipment.
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4. Lighting

A lighting hoodhasaesthetidenefits,if it canbe seenfrom the normalviewinglocation.However if the
tankis enclosedn awall, so only the front panelcanbe seen,an expensivemulti-bulb unit may not be
thebestuseof limited funds.Indeed,t may simply reduceflexibility in the placementf individual bulbs
and reflectors. It may be better to use several fixtures each containing one bulb and a reflector

Overthelastfew years,therehasbeenincreasinguse(by hobbyists)of higherandhigherlighting levels.
My own tank utilizes four x 250 watt bulbs and, until recently I have recommendedhese bulbs.
However someother hobbyistsuse 400 watt metal halide bulbs, someevenutilize 1,000watt bulbs.|

now believethat thereis enoughexperiencewith the 400 watt bulbsto recommendhem. The brighter
light seemdo resultin bettercolouringandfastergrowth of the corals.The costsof electricpowermay;
however becomea factor. Also, if the tank is enclosedn a relatively small area,heatdissipationmay
becomea problem.Evenwith 250 watt bulbs my chiller runs a considerableamountof the time, both
summer and winter

The other considerationis the Kelvin temperatureof the bulbs. For many years, my tank operated
successfullywith 5,400%Kbulbs.More recently | have Oup-graded®210,000v4Kwhile somehobbyists
areusing14,000%Kor even20,000%K]1 think that 10,000%Kis a goodspectrurfor coral health,aswell
as an aesthetidook to the tank. | preferthesebulbs, supplementedby actinic lighting, ratherthan the
higher Kelvin rating. This allows a dawn and dusk arrangementwith just the actinic bulbslit. While |
haventyeadall the recentpaperson the higherKelvin bulbs,| suspecthey put out lesstotal light, havea
shorterlife, andarelessreliablethanthe lower Kelvin bulbs.However | am conservativeat leastasfar
asoperatingareefis concernedThe experiencewith higherKelvin bulbsis growing all the time andmy
recommendation may change in the years ahead.

My own bulbsarethe double-endedPowerStar(or equivalent) My readingstronglysuggestshe double-
endedbulbs put out more light than a single-endedulb of the samewattage.They may also produce
more of the shimmer usually associated with sun light, and therefore a more pleasing look to the tank.

Electronicballastsarerecommendedyecausehey areclaimedto give alongerlife to the bulbs,andthey
createlessheat.Theycanalsobeacquiredwith built in dimmers.While thedimmerswill normally be set
to maximum output, they add a useful degree of flexibility

The compactfluorescentactinic bulbs probably work fine, but | prefer the VHO (very high output)
140watt, five-foot-long actinics. Apart from the extra output, they will provide a more spatially
distributed light.

For moonlight,4 x 1 watt blue moonswould be nice, but a single,cheap,10-wattincandesceniyulb will
serve almost as well.

All lights should be on timers, providing about 10 hours per day of full lighting, and an extra hour
morning and night of dawn/dusk actinic anly

Hence my recommendations, for the size tank we are discussing, are:

3 x 400 watt double-ended, metal halide, 10,000 ¥2K, bulbs.
Electronic ballasts, with dimmers, to match above bulbs.

2 x 140 wattvHO actinic (Phillips 03 or equivalent).

1 low-wattage incandescent bulb, in simple socket, for moon-light.
Timers for all the above.

V VYV YVYY
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5. Temperature Control

My tankusesa $ horse-powechiller, which runsa significantfraction of the time, to keepmy tank at
76 iF. Thisis atthe lower endof the recommendetemperatureange,of 76 jF to 79 jF. Perhaps shade

highertemperaturanay be closerto the temperatureon the naturalreef. Perhapsoral growth ratesmay
be mamginally higher at a little highertemperatureHowever the mamginally lower temperaturegives a
degree of safety mgin, with little or no downside.

Temperaturestability (aswell aslevel) is important,andfew locationswill providegoodstability without
a chiller

A chiller utilizing titaniumcoils (ratherthancopper)is absolutelyessentialbecaus&opperis highly toxic
to corals.The chiller shouldalso comewith a remotetemperatureprobe,soit is controlledby the tank
temperature.

Thelack of a chiller will belessof a problem,if the areabehindthe tankis fairly spaciousandhasgood
ventilation - and preferably agonditioning - to help disperse heat generated from the aquarium lighting.

A simple fan blowing acrossan open-toppedaquariumwill help dispersethe heat.It will also produce
evaporativecooling, particularlyusefulin the absencef a chiller. The only down-sideis alittle noiseand
the increased need for top-up water

6. Filtration

Keeperf reef-tanksare nearlyunanimoughatthe primary meansof removingorganicmaterialfrom the
wateris by skimmers.Commercialmanufacturersate their skimmersby the size of tank that they will
support. Such numbershave traditionally beengrossly optimistic, although| was recentlytold (by a
reliable source)that this is lessof a problemthanit wasa few yearsago. Nevertheless| would useat
leasttwice the level of skimmingasrecommendedby skimmermanufacturersl. think a usefulapproach
is to adopt the attitude that one cannot eskem.

To slightly qualify the aboveremark,it may be possibleto reduceorganic materialto a level below that

which is optimumfor somesoft corals,namelythosewhich inhabitlagoons.| don®think it is possibleto

getorganic concentrationdelow that found on an openreef, or to a level below that which is desirable
for smallpolyp, stony corals.Lots of skimming may requirethe replenishmenbf sometrace elements,
such as iodine. Howevesuch replacement is an easy task.

My own tank utilizes two Klaes skimmers,with watercolumnsabout7 inchesdiametey by 6 feet high.
The amountand size of air bubbles,flow ratesand doubtlessmuch else determinethe efficiency of a
skimmer but the watercolumnis a first orderindication of efficiency. The KlaesandH&S Marine Life
Support System are both respected brand names.

Many of the better skimmerswill include pumpsor venturiesto generateair bubbles,but some will
requirean air pump.Most will requirea waterpumpto pushthe waterthroughthe skimmer- discussed
later under Owater movementO.

The wet/dryfilter with bio-ballsis no longerconsiderech usefuladditionto a reeftank. While skimmers
aim to remove proteinsand other organicsearly in the biological cycle, the wet/dry conceptwas to
convert organics (using bacteria) to relatively non-toxic nitrates. Many reef keepersrefer rather
disparaginglyto wet/dryfilters as OnitratéactoriesOl herisk is that, if anythinggetsout of balancethe
filter may suddenlyreleasehe nitratesbackinto the tank. Skimmersavoid this problemby permanently
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removing the organics from the system,and are therefore much preferredto the wet/dry (bio-ball)
concept.

Oneotherusefulfilter materialis activatedcarbon.Carbonis bestutilized by letting a fairly slow stream
of water passover it, ratherthan having a fast flow forced throughthe material. Putting a bag of the
materialin the sumpis thereforemore desirablethan utilizing a cartridgefilter. Thereis thereforeno
capital outlay involved.

7. Water Chemistry

Calciumandalkalinity controlis vital. Whenmy tankwasfirst setup, the methodof addingcalciumwas
to dosecalciumchlorideanda buffer. It works well enough especiallyif you arelucky enoughto havea
spousewho dutifully tips alittle of eachof the chemicalsinto the sumpeachday Thereis zero capital
outlay but a fairly high operating cost for chemicals.

A morerecentinnovationwasto utilize a calciumhydroxidedrip to makeup for waterevaporationThe
drip method,as againstbatchdosing,is necessaryo avoid severe detrimentalswingsin the tank® pH.

This methodalsoworks fairly well, althoughit canonly be usedfor maintainingan establishedlesirable
level. The concernsaboutpH makeit anunsuitablemethodfor significantly increasingthe calciumlevel

of a tank, if the level is alreadytoo low. As an aside:|l have long protestedthat thereis no logical

connectionbetweenthe rate of evaporationof tank water and the requireddoseof calcium hydroxide.
However in many systems the two happen to be at roughly the right level.

| haveno personalexperienceoperatinga calciumreactor but concedethat it is quickly becomingthe
standardool for calciumcontrol. Certainly a numberof hobbyistsfor whom | havethe greatesrespect
usea reactor Theytell methatthe capitaloutlayis quickly recoupedn lessexpensdor chemicalsThey
can be a little fiddly to set up, but once running well require little maintenance.

A hobbyistsettingup a new tank or, indeed,just bringing his equipmentup-to-date,should seriously
consider a Ocalcium reactor package(prising:

» A Calcium Reactor

» CO; Cylinder and Regulator

> A pH Monitor

| will let you know when | catch up with this centusyt@chnology

8. Water Movement

8.1 Water Movement Within the Tank

As with lighting, the trendhasbeenfor OmaOOverthe lastten or fifteen years typical waterturn-over
hasincreasedrom arangeof oneor two tank-volumesperhourto a rangeof five to ten. Mike Palettain
his book, OUltimateMarine AquariumsQOdescribess0 successfuteef tanksaroundthe world. He notes
that one of the commoncharacteristicef thesetanksis much more watermovementthanis foundin a _
typical hobbyist®tank. He computeghe total waterflow of eachof the tanks(basedon manufacturersO
specifications)ivided by the total volume of waterin eachsystem.He concedeshis is Oarather crude
measueQbut it gives someindication of what works. The overall averagefor the 50 tanksis a water
turnover rate of 17 times per hour
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It is well recognizedthat the strong,constantwater jets of old are unsatisfactoryWhatis requiredis a
variable,turbulentwaterflow. Methodsof generatingsucha flow arebecomingmuchmorecommon- as
discussed later

Therearebasicallythreemeansof generatingvaterflow availableto the reefkeeper:submersiblgpower
heads, aicooled power heads, and magnetic drive pumps.

Power Heads

Power heads are subrged in the tank and require no plumbing, but have significant disadvantages:

> Theyaregenerallyvisible in the tank, which distractsfrom the naturalnessf the display The
better hidden they are, the more nuisance they are to maintain.

> They add heat to the watémcreasing the cooling load.

> Thereis a possibility thatthey canleadto very low-level staticvoltagesor electricalcurrents

in the tankThis is detrimental to the fish and potentially hazardous to the hobbyist.

Theyarenotrecommendefbr routineuse,althoughthe availability of a powerheadfor short-termuseto
address a specific problem is not a bad idea.

Air-cooled Power Heads

Therearereliable, high-flow, power headsnow available,which sit higherin the tank than traditional
powerheadsThe motoris abovewaterlevel. They arethereforelessvisible from the front of the display
tank, they donOadd heatto the water andthey avoid potentialinduced(or stray) electricalcurrents.In

short,theylargely avoid the traditionalproblems However dependingon the specificsof the tank set-up,
their optimumlocation,from a waterflow point of view, maystill clashwith maintenanceccesr other
equipment.

The power headsdon®needplumbing, which is a plus, but this doesnot compensatdor the lack of
flexibility in locating the equipment.

Magnetic-Drive Pumps

Magnetic-drive pumps are the recommendedneansof water circulation. They are generally more
powerful than power heads and avoid the disadvantages of power heads, as described above.

Thereare a variety of pumpson the market. The somewhaimore expensiveonespay for themselvesn
longer life and quieter operation.

It is notedthatthe pumprating providedby the manufacturerss for a new cleanpumpoperatingat zero
head. The actual flow will always be less, often substantially less, than this figure. Reputable
manufacturersvill provide a flow versusheadcurve, but in practicethe reef keepergenerallydoesnO
havea good graspof the operatinghead.This is becausé¢he pump headdependson the lengthand, in
particular the numberof sharpbendsin the piping, aswell asthe heightthe waterhasto be pumped.In
any event,allowancefor actualflows needgo be consideredvhenorderingequipment(Mike Palettawas
well awareof this, so knowsthe turn-overrate of 17 timesper hour, which he calculatedwasnot being
achieved in practice.)

Pumpsare designedwith a different impellor for Olow-headigh-flowOand Ohigh-headower-flow®
applicationsThe correct model needs to be specified when ordering.
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Plumbing Design

At onetime, it wascommonto designwatercirculationsuchthatall waterflowed (or wassiphoned)out
of thetankvia an OoveflowQdevice.lt wentinto a sumpandwasthenpumpedbackinto the tank. After
reef hobbyists had suffered countlessfloods due to system malfunction, closed-loopdesignswere
adopted. (The concept seems obviously supearime one has thought of it.)

A Oclosetboplonsistsof a drilled holein the bottomor side of the displaytank, piping to a pump,and
then piping back to anotherhole in the tank. Of course,the piping into and out of the tank is via a
bulkheadandtherewill be ashortlengthof pipe protrudinginto the displaytankto directthe inflow and
outflow. Therewill a shut-of valve at either side of the pump, so it can be isolatedfrom the tank for
maintenancer replacementThe beautyof this is thatthereis no openpathto the floor. The systemis
immune to the potentially disastrous consequences of power outages or flow blockages.

The pumpin a closedloop canbe underneathhe displaytank, which minimizespiping andthe headof

the pump. However this is by no meansessentialthe pump can be at any convenientiocation. In my

systemit is in anotheroomfrom the tank. This removeshoththe heatandnoiseof the pump,to anarea
remote from the viewing and working areas.

As aroughguide,l would locatethe holesin thetankfor a closed-loopcirculationabouta foot out from
the backwall, and abouta foot from eachend of the tank. Going too closeto the sidesmay stressthe
bottomglass.Being slightly behindthe centerlinewill facilitate aquascapingo disguisethe presencef
the inflow and outflow pipes.

My own systemusesan lwaki 100 RLT for the main closedloop. A secondclosedloop, using an
Iwaki 40 RLT, goes through the chiller. Both pumps have run for years (touch wood) with no
maintenancelwaki was the Ostatef the artOwvhen | bought my pumps, but other options are now
available.For example,a friend hasrecentlysetup a beautifully equipped(and highly successfultank
using Baldor Reeflo pump$hey have high water flow and are not very noisy

8.2 Water Flow to External Equipment
Water flow to Skimmers

Someof the organic materialin a tank floats to the top, andit is the surfacewaterthatis bestfed to a
skimmer This is achievedy havingsurfacewaterflow into anoverflow box, andthe waterthenflowing
directly to a skimmer;or into a sumptank, which in turn suppliesa skimmer(direct to the skimmeris
best).

The outflow from an overflow box is eitherby siphonor by a hole in the tank. The siphonis subjectto
problems,if the waterflow is temporarilybrokendueto a poweroutage.lts sole benefitis avoidingthe
need to drill a hole in the tank. Siphons should not be used.

If aholeis drilled in the bottomof thetank, it is normalto usea standpipeto reducethe fall of waterand
resultant noise. Generalliy is best to have the hole in the side of the tank.

The overflow shouldaddresswo issues.First, the longer the length of the surfaceof the tank that is
adjacento the overflow, the greatemwill bethe proportionof surfacewaterthatis removed.In principle,
this maximizesthe concentrationof organicsreachingthe skimmer Second,the less obtrusive the
overflow is to the viewer, the better Theseconsiderationged me to havea glasspartition a few inches
from oneendof my tank,andthe overflow stretchingthe whole tank width. Theselastfew inchesof tank
are hiddenfrom the viewer by havingthe partition madeof dark Plexiglas soit is not translucentThe
framingof thefront of the tank hidesthe overflow. Thisis betterthanthe muchmorecommonpracticeof
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havingoverflow boxesin the cornersof atank. Aquascapingcanlargely disguisetheseoverflow boxes,
but my design totally avoids this problem.

The detailsof the plumbingfrom the overflow to the skimmersandbackto thetankaredependanbn the
spaceavailable the makeandmodel(s)of skimmerchosenandthelayoutof otherequipmentTherefore,
I am not recommending a specific design, but note the following general considerations.

Skimmersrequirefine adjustingof waterflow. This will bestbe achievedby a dedicatedoump, with a
control valve (or valves)betweenthe pumpandthe skimmer(s).For the size of tank underconsideration
here, the pump will be roughly the size of an Iwaki MD 30 RL

The flow from the skimmer back to the display tank will contributeto the generallevel of water
movemeniandturbulencen the tank. The locationof the returnpipe shouldtry to makebestuseof this
contribution.

Water flow to Cooling Unit

Therewill needto bea pumpto supplythe coolingunit. An Iwaki MD 40 RLT is abouttheright sizefor a
half horsepower chillerA closed loop generally provides the simplest arrangement.

9. Sump

The sump typically usedto be locatedunderthe main display tank. As systemshave becomemore
sophisticatedotherlocationshavebeenchosenFor example asmentionedearlie; manyhobbyistshave
locatedsumpsonefloor belowthelevel of the displaytank. This may serveto movethe maintenancarea
(and potential mess) away from living quarters to a basement.

The original andcrucial role of a sumpis to hold (with a goodmamin for error) all waterthat may flow
downto it during off-normal operation for example during a poweroutage (My own sumpis locatedat
aboutthe samelevel asthe displaytank, so during power outageshe waterlevelsin the two locations
equalize.)

The sump provides a number of other benefits.

The sumpincreaseghe water volume in the systemwithout increasingthe bio-load. In principle, the
largerthe sump,the lower is the bio-load per gallon of systemwater The lower the figure, the greateris
the stability of the system.In practice,the bio-load per gallon of wateris not usually calculated but the
implication is that for sumps Othe bigger the better

A sumpalsoprovidesworking room awayfrom the displaytank for adjustmentgo the water As long as
wateris overflowing from the displayto the sump,evaporationwill reducethe waterlevel in the sump,
not the display tank. The control mechanisnfor an automatictop-up systemis thereforelocatedin the
sump,and controlsthe flow from the fresh-watereservoir(by gravity, pump or spouse)into the sump.
Thecontrolvalve maybeanythingfrom a dinky plasticfloat valve, of thekind foundin humidifiers,to an
infrared beamanddetector The former areunreliable the latter somewhabverkill. A floating electronic
switch controlling a small power headworks well. Whatevermethodis choseniit is wise to have an
emegency shut-df due to Ohigh sump levelO.

The sump(as mentionedunderfiltration) is a goodplacefor a bagof activatedcarbon.lt is alsoa good

place to add trace elements,such as iodine, so the doseis well diluted beforeit reachesthe living
specimens in the display tank.
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The sump may be usedoccasionallyif an organismneedsto be removedfrom the display tank. This
avoids subjectingit to a changein water parameterghat would occur if it was movedto a separate
guarantine tank.

All the aboveconsiderationsuggesthata large sump,while not essentialpffers a degreeof safetyand
conveniencelf spaceconsiderationgsrenot alimiting factor, a sumpof 100to 200 gallonswould not be
excessive for a display tank of about 300 gallons.

Somehobbyistshavetoutedthe benefitsof a mud substratunfor the sump,for chemicalffiltration of the
water OMagidMudQs commerciallysold (at a considerableost), but mostexperiencedobbyistsdo not
believe the Omuetter than crushed coral or sand.

10. Refugium

The ideaof a refugiumis to provide a refugefor zooplanktonthat would not thrive in a display tank,
mainly becauseof predation.The conceptis that thesecreatureswill rapidly multiply in the refugium.
Theywill be carriedby waterflow (harvested)n anon-going,sustainabldashion,into the displaytank,
thus providing food for the display tank inhabitariise refugium may also be used to grow caulerpa.

The refugium is a tank that contains a sub-stratumof crushedcoral, becausethat is a desirable
environmentfor the zooplankton(copepods,etcetera) The refugium will benefit from some small
guantity of live rock. It will containa flow of systemwater which will take careof temperatureontrol
and water quality. It will needa modestsourceof lighting, suchas a compacthigh-outputfluorescent
bulb. Somepeopleadvocatahatthelight in therefugiumshouldbe 12 hoursout of syncwith thedisplay
tank lights.This (theoretically) minimizes day to night pH swings.

The use of a refugium soundslike a wonderful conceptin theory but I am highly skepticalthat, in
practice,it providessubstantiabenefitsin termsof generatinga food source.l am not awareof anyone
who hasdevelopeda systemfor reliably controllingthe outflow of zooplanktonsuchthatthe displaygets
a significant supply of food, while not depleting the refugium population.

An additionalbenefittoutedfor refugiais thatthe caulerpathatis grown canbe manuallytransferredo
the display tank as a sourceof food. Alternatively, the caulerpamay be disposedof, thus exporting
organics from the system.Both these benefits may be real but, | would guess,are trivially small.
(Disposingof the caulerpais, in effect, using the refugium as an algaefilter. Algae filters will not be
discussed in detail, because | prefer using skimmers, for remoyjagics from the system.)

Neverthelesswhile refugiamay be only of mamginal benefitto the display tank, they do not haveany

negativefactors.(Thereis a small capitalcost,a spacerequirementanda minor amountof maintenance,
but thesearefairly trivial in the overall schemeof things.)Reefkeeperdind refugiainteresting.Theyare

a handy refuge if one wishesto keep small shrimp, and they will be an extremelyhealthy and safe

environment for an occasional small sick fish that needs to be OmardetiOhealth.

To summarizearefugiumcould be atank of about20 to 40 gallons.It would requirea singlehigh-output
fluorescentight. It would only needa small powerheadto pumpwaterfrom the maintankor sump.The
outflow from therefugiumcouldbe arrangedo flow by gravity backto the displaytank. (Gravity flow is

betterthana pump, becauseét givesany entrainedcreatureghe bestchanceof surviving the journeyto

the display tank.)

Note that a refugium shouldbe a separatdank from the sump.Although someof the functionsof the
refugiummay be carriedout in a partitioned-of partof the sump,the sumpis designedn a differentway
for a different purpose.
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11. Aquascaping
Live rock is practically essential for (at least) the following reasons:

> to provide bacteria to sustain biological breakdown gépit waste;

> to provide a population of copepodsand zooplankton,which contribute a food
source;

> to provide a natural habitat for the fish;

> to provide an attractive display

The bestkind of live rock is porous,not very denseandin interestingshapesSomelarge flat piecesare
helpful in constructingimaginativeaquascapingsuchas shelvesand caves.The rock shouldcontaina
large variety of marinelife - a multitude of attachedand boring invertebratesand algae,bacteriaand
microomganisms.

As a point of comparisonmy aquariumcontainsapproximatelyl1,000 Ibs of rock. Unfortunately my

initial 5001bs of rock wasacquiredbeforea goodsourceof live rock becameavailable.lt is non-porous,
dense andratherbrick-like. (One pieceevencontainedsomethinglooking suspiciouslylike asphalt!)It

thereforeoccupiesnuchlessspacehanbetterquality rock would occupy The secondb00 Ibs wasmuch
better | wasawareof the needfor caves shelvesandsomefree-swimmingareador fish whenl designed
theaquascapingndeed,my recollectionis thatthe aquascapinincorporatedall suchfeaturesHowever

| would aquascape less heayifyl were setting up a new system today

In short, | think about 500 Ibs of good quality live rock would be adequate for a tank of 300 gallons or so.

Althoughthereis no real measureof the bio-diversityin atank,in the very long term, it canonly decline
if thereis noinfusionof newspeciesThe ideaof occasionallyreplacinglive rock with a newsourcemay
have some merit. Provision for doing so may be a consideration in the initial design of aquascaping.

12. Power Supply

The Ontario electricalgrid is quite likely to becomelessreliablein yearsto come.We are also at the
mercy of ice stormsand other causeof powerinterruptions.Thereforean independentlectricalsupply
to run at leastone circulation pumpanda skimmeris highly desirable The lossof a skimmefs function
of removingorganic materialis not critical in the shortterm. However a skimmeris a major sourceof
oxygenatiorandit is for this reasont shouldbe keptrunningif atall possible.The lighting andcooling
systems are much less critical during outages lasting for a day or less.

The stateof the art solutionis to havea generatarwhich automaticallystartsup whenit senses lossof
external power This multi-thousand-dollarsolution may be justified for hobbyistswith very large
investmentsn their tank. For mostof us, a batteryback-upis a muchcheapermore pragmaticsolution,
which will still copewith power outagedasting for lessthana day. An exampleis the Noma Backup
PowerSystemwhich canbewired to automaticallypowerdesignateagdquipmentjn the eventof a lossof
external power

If nothing else is available, a bicycle pump anes&ine is better than nothing.

A last thought on a ddrent subject: it is prudent to have GFI electrical sockets anywhere near water
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13. Miscellaneous Lab Supplies

Water Supply

A supply of pure water is required.It needsto have beenthrough a reverseosmosisfilter and/or a
deionizationcolumn,preferablyboth. This wateris neededo makeup for evaporatiorloss,aswell asto
produce new salt water

Food-quality plastic drums are useful for storing both fresh and salt water
Test Kits

Thesemight include test kits for alkalinity, calcium, and total carbonatehardnessa pH monitor, a
hydrometerand thermometgeetcetera Manufacturers such as Hach produce professional grade test kits.

14. Concluding Thoughts

The hobby hasreacheda level of maturity The knowledgeand technologyis now availablethat any
serioushobbyistshouldbe ableto achievesuccessWe cannotexpectradical breakthroughsywhich will
suddenlymakereef-keepingsimple.However thereis a constanivolutionin equipmentavailability and
techniques that are making our marine life thrive and our tanks look increasingly beautiful.

Successloesrequiresomedevotionto your captivemarinelife. It requiresa realisticbudget.lt requires
the accumulation of knowledge and sound planning.

This article hasjust Oskimmethe surface®f the knowledgebase Thereare many goodbooksthat deal
with the subjectmuchmorecomprehensivejbut nonethat| know of whichwill give youasimplerecipe
for successReadwidely. Talk to experiencedhobbyists. MAST has so much experiencewithin its
membershipand many memberswho give selflesslyof their time to help newcomersUse, but don©
abuse, their goodwill.

Happy Reef-keeping !

Bob James,
March, 2007.
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