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Species diversity of benthic diatoms and its relation to environmental variables

in Ton Ngachang Waterfall, Songkhla province
Songklanakarin J. Sci. Technol., 2007, 29(1) : 73-87

The species diversity of benthic diatoms and its relation to environmental variables were studied in

Ton Ngachang Waterfall, Songkhla province. Epilithic and epipsammic diatoms were sampled at 5 stations

from upstream (station 1, 2 and 3) to downstream (station 4 and 5) in summer (April 2004 and February

2005), early rainy season (June and August 2004) and rainy season (November and December 2004). A total
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number of 15 genera, 49 species and 8 families in order Pennales were found.  Achnanthes was the dominant

genus throughout the study period with 8 species. A principal components analysis (PCA) on relative abun-

dance revealed that Achnanthes minutissima K˙̇utzing and A.  lanceolata (Brebission)  Grunow  were the most

abundant species of epilithic diatoms and epipsammic diatoms  respectively, whereas species richness on

both substrata were not significant different (P>0.05). Analysis of variance (ANOVA) indicated that the

numbers of benthic diatom species between upstream and downstream were not significant different (P>0.05),

while there was statistical significance (P<0.05) among the seasons in epilithic diatoms.  Multivariate analysis

of variance (MANOVA) on physico-chemical factors showed that  nitrate, ortho-phosphate, silicate, BOD,

conductivity and TSS were significant different (P<0.05) between seasons. Canonical correspondence

analysis (CCA) ordination indicated that nitrate, silicate, BOD, pH, conductivity, temperature and velocity

were correlated with the benthic diatom abundance.

Key words: benthic diatom, diversity, substrate, environments, Ton Ngachang water fall
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»÷°…“§«“¡À≈“°™π‘¥¢Õß‡∫π∑‘§‰¥Õ–µÕ¡∑’Ë¢÷Èπ∫πÀ‘π(epilithic diatom)·≈–‰¥Õ–µÕ¡∑’Ë¢÷Èπ∫π∑√“¬

(epipsammic diatom) ·≈–§«“¡ —¡æ—π∏å°—∫ªí®®—¬ ‘Ëß·«¥≈âÕ¡ „π∫√‘‡«≥πÈ”µ°‚µπß“™â“ß ‡¢µ√—°…“æ—π∏ÿå —µ«åªÉ“‚µπ-

ß“™â“ß ®—ßÀ«—¥ ß¢≈“ √–À«à“ß‡¥◊Õπ‡¡…“¬π 2547 ∂÷ß‡¥◊Õπ°ÿ¡¿“æ—π∏å 2548 ‡°Á∫µ—«Õ¬à“ß„π 3 ƒ¥Ÿ°“≈ ƒ¥Ÿ°“≈≈– 2

§√—Èß §◊Õ ƒ¥Ÿ√âÕπ (‡¡…“¬π 2547 ·≈– °ÿ¡¿“æ—π∏å 2548) µâπƒ¥ŸΩπ (¡‘∂ÿπ“¬π ·≈–  ‘ßÀ“§¡ 2547) ·≈–ƒ¥ŸΩπ

(æƒ»®‘°“¬π ·≈– ∏—π«“§¡ 2547)  ®”π«π 5  ∂“π’ ‚¥¬·∫àß‡ªìπ 2 ∫√‘‡«≥§◊Õ ∫√‘‡«≥µâππÈ” ( ∂“π’∑’Ë 1, 2 ·≈– 3)

∫√‘‡«≥ª≈“¬πÈ” ( ∂“π’∑’Ë 4 ·≈– 5) æ∫‰¥Õ–µÕ¡„πÕ—π¥—∫ Pennales ®”π«π 8 «ß»å 15  °ÿ≈ 49 ™π‘¥ ‚¥¬

Achnanthes ‡ªìπ °ÿ≈∑’Ë¡’®”π«π™π‘¥¡“°∑’Ë ÿ¥ æ∫ 8 ™π‘¥ ®“°°“√«‘‡§√“–Àå§«“¡™ÿ°™ÿ¡¢Õß‡∫π∑‘§‰¥Õ–µÕ¡‚¥¬

„™â«‘∏’ principle component analysis (PCA) æ∫«à“ Achnanthes minutissima   K̇u̇tzing·≈– A. lanceolata (Brebission)

Grunow ‡ªìπ‰¥Õ–µÕ¡™π‘¥‡¥àπ∫π«— ¥ÿ¬÷¥‡°“–∑’Ë‡ªìπÀ‘π ·≈–∑√“¬ µ“¡≈”¥—∫ ∑—Èßπ’È‰¡àæ∫§«“¡·µ°µà“ß¢Õß™π‘¥

‡∫π∑‘§‰¥Õ–µÕ¡∫π«— ¥ÿ¬÷¥‡°“–∑—Èß 2 ™π‘¥ ®“°°“√«‘‡§√“–Àå analysis of variance (ANOVA) æ∫«à“‰¡à¡’§«“¡

·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P>0.05) √–À«à“ß®”π«π™π‘¥¢Õß‡∫π∑‘§‰¥Õ–µÕ¡∫√‘‡«≥µâππÈ”·≈–ª≈“¬πÈ” ·µà

¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P<0.05) √–À«à“ßƒ¥Ÿ°“≈∑’Ë»÷°…“„π‰¥Õ–µÕ¡∑’Ë‡°“–µ‘¥°âÕπÀ‘π  à«πªí®®—¬

∑“ß¥â“π°“¬¿“æ·≈–‡§¡’ æ∫«à“ ª√‘¡“≥‰π‡µ√∑ øÕ ‡øµ∑’Ë≈–≈“¬πÈ” ´‘≈‘‡°µ ∫’‚Õ¥’ §à“°“√π”‰øøÑ“ ·≈–ª√‘¡“≥

¢Õß·¢Áß·¢«π≈Õ¬ ¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P<0.05) √–À«à“ßƒ¥Ÿ°“≈∑’Ë»÷°…“ ®“°°“√«‘‡§√“–Àå

§«“¡ —¡æ—π∏å√–À«à“ß‡∫π∑‘§‰¥Õ–µÕ¡·≈–ªí®®—¬∑“ß¥â“π°“¬¿“æ·≈–‡§¡’¢ÕßπÈ”‚¥¬„™â«‘∏’ canonical correspond-

ence analysis (CCA) æ∫«à“ ª√‘¡“≥‰π‡µ√∑ ´‘≈‘‡°µ ∫’‚Õ¥’ §«“¡‡ªìπ°√¥-‡∫  °“√π”‰øøÑ“ Õÿ≥À¿Ÿ¡‘ ·≈–§«“¡

‡√Á«¢Õß°√–· πÈ” ¡’§«“¡ —¡æ—π∏å°—∫§«“¡™ÿ°™ÿ¡¢Õß‡∫π∑‘§‰¥Õ–µÕ¡
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‰¥Õ–µÕ¡‡ªìπ “À√à“¬¢π“¥‡≈Á° Õ“»—¬‡ªìπ‡´≈≈å‡¥’Ë¬«
À√◊ÕÕ¬Ÿà√«¡°—π‡ªìπ°≈ÿà¡  “¡“√∂¥”√ß™’«‘µ‰¥â∑—Èß∫π¥‘π ·≈–
„ππÈ”  ‰¥Õ–µÕ¡∑’ËÕ“»—¬Õ¬Ÿà„ππÈ”·∫àßÕÕ°‰¥â‡ªìπ‰¥Õ–µÕ¡
∑’Ë≈àÕß≈Õ¬Õ¬Ÿà„π¡«≈πÈ” (planktonic diatom) ·≈–‰¥Õ–-
µÕ¡∑’Ë‡°“–µ‘¥Õ¬Ÿà°—∫«— ¥ÿÕ◊Ëπ (benthic diatom) ‰¥Õ–µÕ¡
 “¡“√∂ —ß‡§√“–Àå¥â«¬· ß‡æ◊ËÕ √â“ßÕ“À“√‡Õß‰¥â·≈–
 “¡“√∂¥”√ß™’«‘µ·∫∫ heterotrophic ‰¥â‡™àπ‡¥’¬«°—π‚¥¬
Õ“»—¬·À≈àßæ≈—ßß“π®“° “√Õ‘π∑√’¬å„ππÈ” (Lee, 1989) ‰¥-
Õ–µÕ¡∑’Ë‡°“–µ‘¥Õ¬Ÿà°—∫«— ¥ÿÕ◊ËπÀ√◊Õ‡∫π∑‘§‰¥Õ–µÕ¡π—Èπ¡’
∫∑∫“∑ ”§—≠„π°“√‡ªìπºŸâº≈‘µ¢—Èπµâπ¢Õß·À≈àßπÈ”‚¥¬‡©æ“–
„π√–∫∫π‘‡«»¢Õß·À≈àßπÈ”‰À≈ (Mullner and Schagerl,

2003) ‚¥¬‡ªìπ·À≈àßÕ“À“√¢Õß —µ«å‰¡à¡’°√–¥Ÿ° —πÀ≈—ß
¢π“¥‡≈Á°∑’ËÕ“»—¬Õ¬Ÿà∫√‘‡«≥æ◊Èπ∑âÕßπÈ” (Allan, 1995)

πÕ°®“°π’È‡∫π∑‘§‰¥Õ–µÕ¡ “¡“√∂π”‰ª„™â‡ªìπµ—«∫àß™’È∑“ß
™’«¿“æ¢ÕßπÈ” ‡™àπ ª√‘¡“≥ “√Õ“À“√  ¿“«–¡≈æ‘… °“√
ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—° (Kelly, 2003; Ivorra et al.,2002;

Vis et al.,1998) „π√–∫∫π‘‡«»¢Õß·À≈àßπÈ”‰À≈§«“¡‡√Á«
¢Õß°√–· πÈ”¡’∫∑∫“∑ ”§—≠Õ¬à“ß¬‘Ëß„π°“√°”Àπ¥
ª√–™“§¡¢Õß ‘Ëß¡’™’«‘µ√«¡∑—Èß‡∫π∑‘§‰¥Õ–µÕ¡ (Allan,

1995) πÕ°®“°§«“¡‡√Á«¢Õß°√–· πÈ”·≈â« ¢π“¥·≈–™π‘¥
¢Õß«— ¥ÿ¬÷¥‡°“–°Á‡ªìπªí®®—¬ ”§—≠µàÕ§«“¡™ÿ°™ÿ¡·≈–°“√
·æ√à°√–®“¬ ¢Õß‡∫π∑‘§‰¡‚§√·Õ≈®’ (Cattaneo,  1997)

„πªí®®ÿ∫—π°“√»÷°…“‡°’Ë¬«°—∫‡∫π∑‘§‰¥Õ–µÕ¡¬—ß¡’
Õ¬ŸàπâÕ¬‚¥¬‡©æ“–°“√»÷°…“‡°’Ë¬«°—∫§«“¡ —¡æ—π∏å√–À«à“ß
‡∫π∑‘§‰¥Õ–µÕ¡°—∫ ‘Ëß·«¥≈âÕ¡ (Kelly, 2003) „πª√–‡∑»
‰∑¬ °“√»÷°…“‡°’Ë¬«°—∫ “À√à“¬¡—°‡πâπ‰ª∑“ß¥â“π°≈ÿà¡∑’Ë
‡ªìπ·æ≈ß°åµÕπ„π√–∫∫π‘‡«»∑–‡≈ “∫ ·≈–Õà“ß‡°Á∫πÈ”  à«π
√–∫∫π‘‡«»¢Õß≈”∏“√π—Èπ “À√à“¬°≈ÿà¡∑’Ë¡’§«“¡ ”§—≠§◊Õ
°≈ÿà¡‡∫π∑‘§ ´÷Ëß¡’°“√»÷°…“°—ππâÕ¬ ß“π«‘®—¬ à«π„À≠à‡ªìπ
¢Õßµà“ßª√–‡∑» (Pekthong  and  Peerapornpisal, 2001)

¥—ßπ—Èπ°“√»÷°…“„π§√—Èßπ’È ¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“§«“¡
À≈“°™π‘¥¢Õß‡∫π∑‘§‰¥Õ–µÕ¡∫π«— ¥ÿ¬÷¥‡°“– 2 ™π‘¥∑’Ë
·µ°µà“ß°—π „π∫√‘‡«≥µâππÈ”·≈–ª≈“¬πÈ”¢ÕßπÈ”µ°‚µπ-
ß“™â“ß √«¡∑—Èß»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß‡∫π∑‘§‰¥Õ–µÕ¡
°—∫§ÿ≥¿“æπÈ” ÷́Ëß “¡“√∂π”¢âÕ¡Ÿ≈‰ªª√–¬ÿ°µå„™â„π°“√«“ß
·ºπ·≈–®—¥°“√√–∫∫π‘‡«»¢ÕßπÈ”µ°‚µπß“™â“ßÀ√◊ÕπÈ”µ°
Õ◊ËπÊ‰¥â„πÕπ“§µ

 ∂“π∑’Ë»÷°…“

πÈ”µ°‚µπß“™â“ß ª√–°Õ∫¥â«¬πÈ”µ°∑—ÈßÀ¡¥ 7 ™—Èπ
µ—ÈßÕ¬Ÿà„π∫√‘‡«≥‡¢µ√—°…“æ—π∏ÿå —µ«åªÉ“‚µπß“™â“ß ®—ßÀ«—¥
 ß¢≈“ (Figure 1) ¡’æ◊Èπ∑’Ë√«¡ 113,750 ‰√à ≈—°…≥–¿Ÿ¡‘-
ª√–‡∑»‡ªìπ‡∑◊Õ°‡¢“ ≈—∫´—∫´âÕπ¢Õß‡∑◊Õ°‡¢“∫√√∑—¥
 ¿“æªÉ“¡’§«“¡Õÿ¥¡ ¡∫Ÿ√≥å ®“°≈—°…≥–¿Ÿ¡‘ª√–‡∑»∑’Ë
 ≈—∫´—∫´âÕπ·≈–≈¥À≈—Ëπ¢Õßæ◊Èπ∑’Ë∑”„Àâ‡°‘¥πÈ”µ°∑’Ë¡’§«“¡
 «¬ß“¡·≈–‡ªìπ∑’Ë√Ÿâ®—°∑—Ë«‰ª ‡™àπ πÈ”µ°‚µπß“™â“ß πÈ”µ°
‚µπª≈‘« πÈ”µ°∫√‘æ—µ√ ‡ªìπµâπ   ¿“æ¿Ÿ¡‘Õ“°“»„π∫√‘‡«≥π’È
¡’≈—°…≥–Õ“°“»·∫∫§“∫ ¡ÿ∑√ ‰¥â√—∫Õ‘∑∏‘æ≈¢Õß≈¡¡√-
 ÿ¡µ–«—πµ°‡©’¬ß„µâ ∑’Ëæ—¥æ“‡Õ“§«“¡™◊Èπ®“°∑–‡≈Õ—π¥“¡—π
∑”„Àâ¡’Ωπµ°™ÿ°·≈–Õ“°“»™ÿà¡™◊Èπ ·≈–¬—ß‰¥â√—∫≈¡¡√ ÿ¡
µ–«—πÕÕ°‡©’¬ß‡Àπ◊Õ ÷́Ëßæ—¥æ“‡Õ“§«“¡Àπ“«‡¬Áπ·≈–‰ÕπÈ”
®“°Õà“«‰∑¬¡“ Ÿàæ◊Èπ∑’Ë ≈—°…≥–‡™àππ’È∑”„Àâ¡’ƒ¥Ÿ°“≈™—¥‡®π 2

ƒ¥Ÿ°“≈§◊Õ ƒ¥ŸΩπ ÷́ËßÕ¬Ÿà„π™à«ß‡¥◊Õπæƒ…¿“§¡∂÷ß‡¥◊Õπ
∏—π«“§¡ ‚¥¬‡©æ“–„π‡¥◊Õπµÿ≈“§¡∂÷ß‡¥◊Õπ∏—π«“§¡ ®–‡ªìπ
™à«ß∑’ËΩπµ°™ÿ°∑’Ë ÿ¥ ·≈–ƒ¥Ÿ√âÕπ ‡√‘Ë¡µ—Èß·µà‡¥◊Õπ¡°√“§¡ ∂÷ß
‡¥◊Õπ‡¡…“¬π (°√¡ªÉ“‰¡â, ¡.ª.ª.) „πªí®®ÿ∫—ππÈ”µ°‚µπß“-
™â“ß‡ªìπ·À≈àß∑àÕß‡∑’Ë¬«∑’Ë¡’™◊ËÕ‡ ’¬ß¢Õß®—ßÀ«—¥ ß¢≈“ „π
·µà≈–ªï¡’π—°∑àÕß‡∑’Ë¬«‡ªìπ®”π«π¡“°

Figure 1.  Study sites
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´È” ‚¥¬„™â¢«¥‚æ≈‘‡Õ∑‘≈’π  ‡æ◊ËÕπ”‰ª«‘‡§√“–Àåª√‘¡“≥ “√
Õ“À“√ ª√‘¡“≥¢Õß·¢Áß·¢«π≈Õ¬ (total suspended solid

- TSS) ·≈–ª√‘¡“≥ÕÕ° ‘́‡®π∑’Ë·∫§∑’‡√’¬„™â‰ª„π‡«≈“ 5 «—π
(biochemical oxygen demand - BOD

5
) „πÀâÕßªØ‘∫—µ‘

°“√  à«π°“√‡°Á∫µ—«Õ¬à“ßπÈ”‡æ◊ËÕ«‘‡§√“–Àåª√‘¡“≥ÕÕ°-
´‘‡®π∑’Ë≈–≈“¬πÈ” (dissolved oxygen-DO) ‚¥¬„™â¢«¥∫’
‚Õ¥’§«“¡®ÿ  300 ¡≈. ‡µ‘¡ “√≈–≈“¬·¡ß°“π’ ´—≈‡øµ ·≈–
 “√≈–≈“¬Õ—≈§“‰≈πå‰Õ‚Õ‰¥¥å Õ¬à“ß≈– 1 ¡≈. µ“¡≈”¥—∫
ªî¥®ÿ°¢«¥ §«Ë”¢«¥¢÷Èπ≈ß ·≈–π”‰ª«‘‡§√“–Àå„πÀâÕß-
ªØ‘∫—µ‘°“√ ¢≥–‡°Á∫µ—«Õ¬à“ßπÈ”„π∑ÿ° ∂“π’«—¥§«“¡‡ªìπ°√¥
‡∫ ¢ÕßπÈ”‚¥¬„™â‡§√◊ËÕß«—¥æ’‡Õ™√ÿàπ pHScan3+«—¥§à“
°“√π”‰øøÑ“‚¥¬„™â‡§√◊ËÕßmultiprobe meter √ÿàπ YSI 30/

10 FT «—¥Õÿ≥À¿Ÿ¡‘πÈ”‚¥¬‡§√◊ËÕß¡◊Õ«—¥Õÿ≥À¿Ÿ¡‘πÈ”·∫∫¥‘®‘-
µÕ≈√ÿàπ ID1090 «—¥§«“¡≈÷°¢ÕßπÈ”‚¥¬„™â‰¡â·≈– “¬«—¥
«—¥§«“¡‡√Á«°√–· πÈ”‚¥¬„™â·∑àßæ≈“ µ‘°µ—π ‡ âπºà“»Ÿπ¬å
°≈“ß 1.5 ́ ¡. ¬“« 15 ´¡. πÈ”Àπ—°ª√–¡“≥ 200 °√—¡ ºŸ°
‡™◊Õ°§«“¡¬“« 3 ‡¡µ√ ª≈àÕ¬‡™◊Õ°„Àâ·∑àßæ≈“ µ‘°≈Õ¬‰ª
µ“¡°√–· πÈ”®πÀ¡¥§«“¡¬“«‡™◊Õ° ®—∫‡«≈“µ—Èß·µà‡√‘Ë¡
ª≈àÕ¬®π ÿ¥§«“¡¬“«‡™◊Õ° ∑” È́” 5 §√—Èß·≈–π”¡“À“§à“
‡©≈’Ë¬ ÷́Ëß‡ªìπ«‘∏’°“√∑’Ë¥—¥·ª≈ß¡“®“° Hauer  ·≈–  Lamberti

(1996)

3. °“√«‘‡§√“–Àåº≈

 «‘‡§√“–Àåµ—«Õ¬à“ß‡∫π∑‘§‰¥Õ–µÕ¡‚¥¬π”µ—«Õ¬à“ß
¡“ªíòπ‡æ◊ËÕ·¬°µ–°ÕπÀπ—°·≈–Õπÿ¿“§∑’Ëª–ªπÕÕ° ‚¥¬
π”‰ªªíòπ∑’Ë§«“¡‡√Á« 2500- 3000 √Õ∫/π“∑’  ‡ªìπ‡«≈“ 15

π“∑’ ¥Ÿ¥‡Õ“ à«π ’πÈ”µ“≈∑’ËÕ¬Ÿà√–À«à“ßµ–°ÕπÀπ—°·≈–
 à«π„ ¥â“π∫ππ”‰ªºà“π°√–∫«π°“√°”®—¥ “√Õ‘π∑√’¬å
‚¥¬π”‰ªµâ¡°—∫°√¥´—≈øî«√‘°‡¢â¡¢âπ ·≈– ‰Œ‚¥√‡®π‡ªÕ√å
ÕÕ°‰´¥å‡ªìπ‡«≈“ 15 - 30 π“∑’  π”µ—«Õ¬à“ß∑’Ëºà“π°“√
°”®—¥ “√Õ‘π∑√’¬å¡“≈â“ß¥â«¬πÈ”°≈—Ëπ ‚¥¬π”‰ªªíòπ∑’Ë§«“¡‡√Á«
2500 - 3000 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 5 π“∑’ ∑”´È”À≈“¬Ê§√—Èß
®π°«à“§«“¡‡ªìπ°√¥À¡¥‰ª µ—«Õ¬à“ß‰¥Õ–µÕ¡∑’Ëºà“π°“√
∑”§«“¡ –Õ“¥·≈â« π”‰ª‡µ√’¬¡‡ªìπ ‰≈¥å∂“«√ ‚¥¬„™â
Naphrax ‡ªìπ mounting media ®”·π°™π‘¥‰¥Õ–µÕ¡
µ“¡À≈—°°“√®”·π°¢Õß Krammer ·≈– Lang-Bertalot

(1986, 1988, 1991a, 1991b) ·≈– Barter ·≈– Carter

(1996) ‡ªìπµâπ
«‘‡§√“–Àåª√‘¡“≥ “√Õ“À“√„ππÈ”µ“¡«‘∏’°“√¢Õß

 «— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√»÷°…“

1. °“√°”Àπ¥®ÿ¥‡°Á∫µ—«Õ¬à“ß

°”Àπ¥®ÿ¥‡°Á∫µ—«Õ¬à“ß∫√‘‡«≥πÈ”µ°‚µπß“™â“ß 5

 ∂“π’·∫àß‡ªìπ 2 ∫√‘‡«≥§◊Õ∫√‘‡«≥µâππÈ”·≈–ª≈“¬πÈ”
®”π«π 5   ∂“π’ (Figure 1) ‚¥¬ ∂“π’∑’Ë 1 (6o56.737′ N,

100o 13.778′ E), 2  (6o 56.773′ N, 100o 13.778′ E) ·≈–
3 (6o 56.719′ N, 100o 13.629′ E) ®—¥‡ªìπ∫√‘‡«≥µâππÈ”
¡’§«“¡ Ÿß®“°√–¥—∫πÈ”∑–‡≈ 448 ∂÷ß 453 ‡¡µ√ ¡’°“√
√∫°«π®“°π—°∑àÕß‡∑’Ë¬«πâÕ¬  ∂“π’∑’Ë 4 (6o 56.826′ N, 100o

13.968′ E) ·≈– 5 (6o 56.906′ N, 100o 14.30′ E)  ‡ªìπ
∫√‘‡«≥ª≈“¬πÈ” ¡’§«“¡ Ÿß®“°√–¥—∫πÈ”∑–‡≈ 33 ∂÷ß 129

‡¡µ√ ·≈–‡ªìπ∫√‘‡«≥∑’Ëπ—°∑àÕß‡∑’Ë¬«π‘¬¡¡“‡≈àππÈ” ¡’°“√
ªπ‡ªóôÕπ¢Õß ∫Ÿà·≈–¬“ √–º¡ √«¡∑—Èß¡’°“√‡À¬’¬∫¬Ë”æ◊Èπ
∑√“¬ ¡“°°«à“∫√‘‡«≥µâππÈ”

2. °“√‡°Á∫µ—«Õ¬à“ß

2.1 °“√‡°Á∫µ—«Õ¬à“ß‡∫π∑‘§‰¥Õ–µÕ¡

‡°Á∫µ—«Õ¬à“ß‡∫π∑‘§‰¥Õ–µÕ¡æ√âÕ¡∑—Èß«—¥§«“¡‡√Á«
¢Õß°√–· πÈ”„π 3 ƒ¥Ÿ ƒ¥Ÿ≈– 2 §√—Èß §◊Õ ƒ¥Ÿ√âÕπ (‡¥◊Õπ
‡¡…“¬π 2547 ·≈– °ÿ¡¿“æ—π∏å 2548) µâπƒ¥ŸΩπ (‡¥◊Õπ
¡‘∂ÿπ“¬π ·≈–  ‘ßÀ“§¡ 2547) ·≈–ƒ¥ŸΩπ (‡¥◊Õπµÿ≈“§¡
·≈–∏—π«“§¡ 2547) √«¡∑—Èß ‘Èπ 6 §√—Èß ‡°Á∫µ—«Õ¬à“ß‡∫π∑‘§
‰¥Õ–µÕ¡∑’Ë¢÷Èπ∫πÀ‘π ‚¥¬‡≈◊Õ°‡°Á∫°âÕπÀ‘π¢π“¥‡ âπºà“»Ÿπ¬å
°≈“ßª√–¡“≥ 3.2-25.6 ́ ¡. „π·µà≈– ∂“π’®”π«π 9 °âÕπ
„™â·ºàπæ≈“ µ‘°´÷Ëß‡®“–™àÕß¢π“¥ 9 µ√.´¡.«“ß∑“∫¥â“π∫π
¢Õß°âÕπÀ‘π·≈–„™â·ª√ß ’øíπ ·ª√ßµ—«Õ¬à“ß‰¥Õ–µÕ¡ ©’¥
≈â“ßµ—«Õ¬à“ß‰¥Õ–µÕ¡∑’Ëµ‘¥∫π·ª√ß„ à¢«¥‡°Á∫µ—«Õ¬à“ß ´÷Ëß
‡ªìπ«‘∏’°“√∑’Ë¥—¥·ª≈ß¡“®“° Rott ·≈– §≥– (1997)  à«π
µ—«Õ¬à“ß∑’Ë¢÷Èπ∫π∑√“¬ «‘∏’‡°Á∫µ—«Õ¬à“ß¥—¥·ª≈ß®“° Romani

·≈– Sabater (2001) ‡°Á∫µ—«Õ¬à“ß¥â«¬°“√„™â∑àÕæ≈“ µ‘°
∑’Ë¡’æ◊Èπ∑’ËÀπâ“µ—¥ 9 µ√.´¡. ªí°∫πæ◊Èπ∑√“¬≈÷° 1-2 ́ ¡.  Õ¥
·ºàπæ≈“ µ‘°≈ß‰ª¥â“π≈à“ß¢Õß∑àÕ π”∑√“¬„ à¢«¥‡°Á∫
µ—«Õ¬à“ß‡°Á∫µ—«Õ¬à“ß ∂“π’≈– 9 ´È” ‡°Á∫√—°…“µ—«Õ¬à“ß
‚¥¬ª√—∫§«“¡‡¢â¡¢âπ ÿ¥∑â“¬¢Õßµ—«Õ¬à“ß„Àâ¡’§«“¡‡¢â¡¢âπ
¢ÕßøÕ√å¡“≈‘π 3%

2.1 °“√‡°Á∫µ—«Õ¬à“ßπÈ”

‡°Á∫µ—«Õ¬à“ßπÈ”∫√‘‡«≥º‘« ∂“π’≈– 1 ≈‘µ√®”π«π 3
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APHA, AWWA ·≈– WEF (1998) ‚¥¬«‘‡§√“–Àåª√‘¡“≥
øÕ øÕ√— ∑’Ë≈–≈“¬πÈ” (orthophosphate) ¥â«¬ ascorbic

acid method ª√‘¡“≥´‘≈‘‡°µ¥â«¬ molybdosilicate

method ‰π‰µ√∑å (NO
2
) ¥â«¬ colorimetric method

«‘‡§√“–Àåª√‘¡“≥ ‰π‡µ√∑ (NO
3
) ¥â«¬°“√π”πÈ”µ—«Õ¬à“ß

‰ªºà“π cadmiun reduction column ·≈– π”¡“«‘‡§√“–Àå
¥â«¬ colorimetric method «‘‡§√“–Àåª√‘¡“≥·Õ¡‚¡‡π’¬
(NH

3
)¥â«¬ phenate method «‘‡§√“–Àåª√‘¡“≥ÕÕ°-

´‘‡®π∑’Ë≈–≈“¬πÈ”¥â«¬ iodometric titration method

«‘‡§√“–Àåª√‘¡“≥ BOD
5
 ¥â«¬ iodometric titration me-

thod «—¥ª√‘¡“≥¢Õß·¢Áß·¢«π≈Õ¬‚¥¬π”πÈ”µ—«Õ¬à“ß
ª√‘¡“µ√ 1 ≈‘µ√ ¡“°√Õß¥â«¬°√–¥“… GF/C ·≈–π”‰ª
Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 1050C ‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß «“ß‰«â„ÀâÕÿ≥À¿Ÿ¡‘
≈¥„π‚∂¥Ÿ¥§«“¡™◊Èπ ·≈–π”¡“™—ËßπÈ”Àπ—°

4. °“√«‘‡§√“–Àåº≈∑“ß ∂‘µ‘

«‘‡§√“–ÀåÀ“§«“¡™ÿ°™ÿ¡¢Õß‡∫π∑‘§‰¥Õ–µÕ¡  ¥â«¬
«‘∏’ principal component analysis (PCA) ·≈–«‘‡§√“–Àå
§«“¡ —¡æ—π∏å√–À«à“ß‡∫π∑‘§‰¥Õ–µÕ¡°—∫ªí®®—¬∑“ß°“¬¿“æ
·≈–‡§¡’¢ÕßπÈ”¥â«¬«‘∏ ’canonical  correspondence  analy-

sis (CCA) ‚¥¬„™â‚ª√·°√¡ ”‡√Á®√Ÿª Multivariate Statis-

tical Package (MVSP) version 3.0 ¢Õß Kovach Com-

puting Service ‡ª√’¬∫‡∑’¬∫®”π«π™π‘¥¢Õß‡∫π∑‘§‰¥Õ–-
µÕ¡·µà≈–°≈ÿà¡ „π·µà≈–∫√‘‡«≥ ·≈– ƒ¥Ÿ°“≈ ¥â«¬«‘∏’ analy-

sis of variance (ANOVA) ·≈–‡ª√’¬∫‡∑’¬∫§à“ªí®®—¬∑“ß
¥â“π°“¬¿“æ·≈–‡§¡’ „π·µà≈–∫√‘‡«≥∑’Ë‡°Á∫µ—«Õ¬à“ß ·≈–„π
·µà≈–ƒ¥Ÿ°“≈ ‚¥¬«‘∏’ multivariate analysis of variance

(MANOVA) ‚¥¬„™â‚ª√·°√¡ SPSS version 11.5

º≈°“√»÷°…“

1. ‡∫π∑‘§‰¥Õ–µÕ¡

®“°°“√»÷°…“æ∫‰¥Õ–µÕ¡„πÕ—π¥—∫ Pennales

®”π«π 8 «ß»å 15  °ÿ≈ 49 ™π‘¥ (Table 1) ‚¥¬ °ÿ≈
Achnanthes ¡’§«“¡À≈“°À≈“¬¡“°∑’Ë ÿ¥æ∫ 8 ™π‘¥ √Õß
≈ß¡“§◊Õ Navicula æ∫ 7 ™π‘¥ Gomphonema, Surirella

·≈– Cymbella æ∫ °ÿ≈≈– 4 ™π‘¥ ∑—Èßπ’È ‰¡àæ∫§«“¡·µ°
µà“ß√–À«à“ß™π‘¥∫π«— ¥ÿ¬÷¥‡°“–∑—Èß 2 ™π‘¥ ·µà‡¡◊ËÕæ‘®“√≥“
‰¥Õ–µÕ¡™π‘¥‡¥àπ„π·µà≈–«— ¥ÿ¬÷¥‡°“–„π·µà≈–ƒ¥Ÿ°“≈ ·≈–
·µà≈–∫√‘‡«≥∑’Ë‡°Á∫µ—«Õ¬à“ß æ∫«à“¡’™π‘¥‡¥àπ·µ°µà“ß°—π ‚¥¬
∫π«— ¥ÿ¬÷¥‡°“–∑’Ë‡ªìπÀ‘π (epilithic diatom)  „π∫√‘‡«≥
µâππÈ”·≈–ª≈“¬πÈ” ¡’ Achnanthes  minutissima K˙̇utzing

‡ªìπ‰¥Õ–µÕ¡™π‘¥‡¥àπ ∑—Èß„πƒ¥Ÿ√âÕπ µâπƒ¥ŸΩπ ·≈–ƒ¥ŸΩπ

Table 1.  Species list of benthic diatoms in each zone and season at Ton Ngachang Waterfall

     from April 2004 to February 2005

                                    Zones

Taxon Taxon code            Upstream                        Downstream

Su ER Ra Su ER Ra

Achnanthaceae ( 9 spp.)

 Achnanthes  brevipes  Agardh 1 sr sr sr sr sr sr

 Achnanthes  crenulata  Grunow 2 sr sr sr sr sr sr

 Achnanthes  laevis  Oestrup 3 sr sr sr sr sr sr

Achnanthes  lanceolata  (Brebission) 4 sr sr sr sr sr sr

         Grunow

Achnanthes  minutissima K˙̇utzing 5 sr sr sr sr sr sr

 Achnanthes  oblongella  Oestrup 6 sr sr sr sr sr sr

Achnanthes  undata  Meister 7 sr sr sr sr sr sr
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Table 1. (Cont.)

   Zones

Taxon        Taxon code            Upstream                        Downstream

Su ER Ra Su ER Ra

Achnanthes  sp.1  8 sr sr s sr s sr

Cocconeis  placentula  Ehrenberg  9 sr sr sr sr sr sr

Bacillaceae  ( 2 spp.)

Nitzschia  sp.1 10 sr sr sr sr sr sr

Nitzschia  sp.2 11 sr sr sr sr sr sr

Cymbellaceae  (10 spp.)

Cymbella  cistula  (Ehrenberg) Kirchner 12 r sr - sr sr -

Cymbella  cymbiformis  Agardh 13 sr sr sr sr sr sr

Cymbella  mesiana  Cholnoky 14 sr sr sr sr sr sr

Cymbella  tumida  (Brebission) Van Heurck 15 sr sr sr sr sr sr

Cymbella  turgidula  Grunow 16 sr sr sr sr sr sr

Encytonema  javanicum  (Hustedt) D.G.Mann 17 sr sr sr sr sr sr

Encytonema  sp. 18 - - - - sr s

Gomphonema  affine K˙̇utzing 19 sr sr sr sr sr sr

Gomphonema  angustatum ( K˙̇utzing) Rabenhorst 20 sr sr sr sr sr sr

Gomphonema  gracile  Ehrenberg 21 sr sr sr sr sr sr

Gomphonema  parvulum K˙̇utzing 22 sr sr sr sr sr sr

Eunotiaceae  ( 2 sp.)

Eunotia  arcus  Ehrenberg 23 sr s s sr sr s

Eunotia  praerupta  Ehrenberg 24 sr sr sr sr sr s

Fragilariaceae  ( 4 spp.)

Fragilaria sp. 25 sr r r sr sr sr

Fragilaria  crotonensis  Kitton 26 sr sr sr sr sr sr

Fragilaria  ulna (Nitzsch) Lang-Bertalot 27 sr sr sr sr sr s

Synedra  ulna K˙̇utzing 28 sr sr sr sr sr sr

Naviculaceae  ( 17 spp.)

Caloneis  bacillum  Grunow 29 sr sr sr sr sr sr

Diploneis  sp. 1 30 - s s s - sr

Frustulia  rhomboides (Ehrenberg) De Toni 31 sr sr sr sr r s

Frustulia  vulgaris (Thwaites) De Toni 32 sr s s - sr sr

Navicula  sp. 33 r sr sr sr sr sr

Navicula  cryptocephala K˙̇utzing 34 sr sr sr sr sr s

Navicula  lanceolata  C. Agardh 35 sr sr sr sr sr sr
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¬°‡«âπ„π∫√‘‡«≥ª≈“¬πÈ”¢Õßƒ¥Ÿ√âÕπ¡’ Gomphonema

angustatum (K ˙̇utzing) Rabenhorst ‡ªìπ™π‘¥‡¥àπ  à«π
∫π«— ¥ÿ¬÷¥‡°“–∑’Ë‡ªìπ∑√“¬ ¡’ A.  lanceolata (Brebission)

Grunow  ‡ªìπ™π‘¥‡¥àπ∑—Èß„π∫√‘‡«≥µâππÈ”·≈–ª≈“¬πÈ”
¢Õß∑ÿ°ƒ¥Ÿ°“≈¬°‡«âπ„π∫√‘‡«≥ª≈“¬πÈ”¢Õßƒ¥ŸΩπ¡’ Ency-

tonema  javanicum  (Hustedt) D.G.Mann ‡ªìπ™π‘¥‡¥àπ
‡¡◊ËÕæ‘®“√≥“®”π«π™π‘¥¢Õß‰¥Õ–µÕ¡∑—Èß 2 °≈ÿà¡ µ≈Õ¥
√–¬–‡«≈“∑’Ë»÷°…“æ∫«à“ ‰¥Õ–µÕ¡∑’Ë¢÷Èπ∫πÀ‘ππ—Èπ¡’®”π«π
·µ°µà“ß°—π„π·µà≈–ƒ¥Ÿ°“≈Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P<0.

05)‚¥¬¡’®”π«π™π‘¥ Ÿß ÿ¥„π ∫√‘‡«≥µâππÈ” ¢Õßƒ¥Ÿ√âÕπ §◊Õ
43 ™π‘¥ ·≈–®”π«π™π‘¥≈¥≈ß‡¡◊ËÕ‡¢â“ ŸàÀπâ“Ωπ ‚¥¬¡’®”-
π«π™π‘¥πâÕ¬∑’Ë ÿ¥„π∫√‘‡«≥ª≈“¬πÈ”¢Õßƒ¥ŸΩπæ∫ 35 ™π‘¥
 ”À√—∫‰¥Õ–µÕ¡∑’Ë¢÷Èπ∫π∑√“¬¡’®”π«π™π‘¥„π·µà≈–ƒ¥Ÿ°“≈

Table 1. (Con.)

   Zones

Taxon        Taxon code            Upstream                        Downstream

Su ER Ra Su ER Ra

Navicula  rhynchocephala K˙̇utzing 36 - s s - s s

Navicula  viridula  ( K˙̇utzing) Ehrenberg 37 sr sr sr sr sr sr

Navicula  pupula K˙̇utzing 38 sr sr s s sr sr

Navicula pupula  var.mutata  (Krasske) 39 ssr s s sr - s

Hustedt

Pinnularia  subcapitata Gregroy 40 - r s - s s

Pinnularia  maior  ( K˙̇utzing) Rabenhorst 41 sr s - sr s -

Pinnularia  similis  Hustedt 42 s sr s sr sr s

Stauroneis  anceps  Ehrenberg 43 s s sr s s r

Stauroneis  sp. 1 44 sr sr sr sr sr sr

Stauroneis  sp. 2 45 sr sr sr sr sr sr

Rhopalodiaceae  ( 1 sp.)

Epithemia  cistula  (Ehrenberg) Ralfs 46 sr r s sr sr s

Surirellaceae   ( 3 spp.)

Surirella  elegans  Ehrenberg 47 sr sr s sr sr s

Surirella  linearis  W. Smith  48 sr sr sr sr sr sr

Surirella  robusta Ehrenberg  49 r s sr sr s s

Su = Summer; ER = Early Rain; Ra = Rain;   s = found in sand;   r = found in rock;    -   = not found

‰¡à·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P>0.05) ‚¥¬æ∫
®”π«π™π‘¥¡“°∑’Ë ÿ¥„π∫√‘‡«≥ª≈“¬πÈ” ¢Õßµâπƒ¥ŸΩπ·≈–
ƒ¥ŸΩπæ∫ 46 ™π‘¥ ·≈–æ∫πâÕ¬∑’Ë ÿ¥∫√‘‡«≥µâππÈ”¢Õßƒ¥Ÿ
√âÕπ æ∫ 42 ™π‘¥ (Table 2.) Õ¬à“ß‰√°Áµ“¡‰¡àæ∫§«“¡
·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P>0.05) ¢Õß®”π«π
™π‘¥‰¥Õ–µÕ¡ ∫π«— ¥ÿ¬÷¥‡°“–∑—Èß 2 ™π‘¥

2. ªí®®—¬ ‘Ëß·«¥≈âÕ¡

®“°°“√»÷°…“ªí®®—¬∑“ß¥â“π°“¬¿“æ·≈–‡§¡’„π
∫√‘‡«≥πÈ”µ°‚µπß“™â“ß√–À«à“ß‡¥◊Õπ°ÿ¡¿“æ—π∏å 2547 ∂÷ß
‡¥◊Õπ‡¡…“¬π 2548 æ∫«à“·µà≈–ªí®®—¬∑’Ë»÷°…“‰¡à¡’§«“¡
·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘√–À«à“ß ∫√‘‡«≥µâππÈ”
·≈–ª≈“¬πÈ” ·µà‡¡◊ËÕæ‘®“√≥“„π·µà≈–ƒ¥Ÿ°“≈·≈â«æ∫«à“¡’
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Table 2. Average physico-chemical data and number of benthic diatoms at Ton    Ngachang Waterfall

    from April 2004 to February 2005.

Station

Variables                   Upstream                                Downstream

Summer Early Rain Rain Summer Early Rain Rain

Orthophosphate( µ g/l) nd nd 13.63 ±±1.365 nd nd 15.53 ±±4.028

Nitrite(mg/l) nd nd nd nd nd nd

Nitrate (mg/l) 1.13 ±±096 0.10 ±±0.012 0.16 ±±0.000 1.58 ±±0.429 0.09 ±±0.010 0.17 ±±0.000

Ammonia(µg/l) nd nd nd nd nd nd

Silicate (mg/l) 0.39 ±±0.002 0.21 ±±0.013 0.26 ±±0.009 0.36 ±±0.005 0.20 ±±0.012 0.27 ±±0.056

Dissolved Oxygen (mg/l) 7.75 ±±0.152 7.99 ±±0.127 7.21 ±±0.099 7.36 ±±0.463 7.13 ±±0.079 6.84 ±±0.38

Biochemical Oxygen Demand (mg/l) 1.27 ±±0.099 0.27 ±±0.087 0.15 ±±0.031 1.32 ±±0.181 0.26 ±±0.038 0.17 ±±0.022

Depth (m) 0.41 ±±0.055 0.38 ±±0.057 0.58 ±±0.095 0.38 ±±0.113 0.37 ±±0.155 0.44 ±±0.105

Velocity (m/s) 0.26 ±±0.094 0.41 ±±0.313 0.64 ±±0.135 0.23 ±±0.002 0.23 ±±0.230 0.45 ±±0.210

pH 7.55 ±±0.009 7.58 ±±0.031 7.54 ±±0.023 7.56 ±±0.122 7.54 ±±0.000 7.70 ±±0.155

Temperature (0C) 23.80 ±±0.328 24.34 ±±0.200 22.67 ±±0.225 23.65 ±±0.765 23.66 ±±0.490 24.33 ±±1.125

Conductivity (µS/cm) 38.00 ±±0.495 33.67 ±±0.850 33.98 ±±5.420 39.10 ±±0.750 33.75 ±±0.250 30.97 ±±0.675

Total Suspended Solid  (mg/l) 3.93 ±±0.412 1.95 ±±0.108 2.15 ±±0.540 3.38 ±±0.125 1.65 ±±0.100 2.05 ±±0.600

Epilithic diatom (no. of species) 43 41 35 42 41 33

Epipsammic diatom

(no. of species) 42 45 45 45 46 46

ªí®®—¬∑“ß¥â“π°“¬¿“æ·≈–‡§¡’∫“ßª√–°“√‰¥â·°à ª√‘¡“≥
øÕ øÕ√— ∑’Ë≈–≈“¬πÈ” ª√‘¡“≥‰π‡µ√∑ ª√‘¡“≥ ‘́≈‘‡°µ
°“√π”‰øøÑ“ ·≈– ª√‘¡“≥¢Õß·¢Áß·¢«π≈Õ¬ ¡’§«“¡
·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (P<0.05) ‚¥¬ª√‘¡“≥
øÕ øÕ√— ∑’Ë≈–≈“¬πÈ” „πƒ¥Ÿ√âÕπ·≈–µâπƒ¥ŸΩπ¡’ª√‘¡“≥
πâÕ¬®π‰¡à “¡“√∂«—¥‰¥â¥â«¬ ascorbic acid  method (πâÕ¬
°«à“ 10 ‰¡‚§√°√—¡/≈‘µ√)  à«π„πƒ¥ŸΩπ¡’ª√‘¡“≥øÕ øÕ√— 
∑’Ë≈–≈“¬πÈ” 13.63 ‰¡‚§√°√—¡/≈‘µ√ ·≈– 15.53 ‰¡‚§√°√—¡
/≈‘µ√ „π∫√‘‡«≥µâππÈ”·≈–ª≈“¬πÈ” µ“¡≈”¥—∫  ”À√—∫
ª√‘¡“≥‰π‚µ√‡®π„π√Ÿª·∫∫µà“ßÊ π—Èπª√‘¡“≥‰π‰µ√µå ·≈–
·Õ¡‚¡‡π’¬ ‰¡à “¡“√∂«—¥‰¥âµ≈Õ¥√–¬–‡«≈“∑’Ë»÷°…“ (πâÕ¬
°«à“ 10 ‰¡‚§√°√—¡/≈‘µ√)  à«πª√‘¡“≥‰π‡µ√∑æ∫ Ÿß ÿ¥
∫√‘‡«≥ª≈“¬πÈ”„πƒ¥Ÿ√âÕπ 1.58 ¡°./≈‘µ√ ·≈–æ∫µË” ÿ¥
∫√‘‡«≥ª≈“¬πÈ”„πµâπƒ¥ŸΩπ 0.09 ¡°./≈‘µ√ ª√‘¡“≥

‘́≈‘‡°µ¡’§à“ Ÿß ÿ¥ 0.39 ¡°./≈‘µ√ „π∫√‘‡«≥µâππÈ”¢Õßƒ¥Ÿ√âÕπ
ª√‘¡“≥ BOD «—¥‰¥â Ÿß ÿ¥„πƒ¥Ÿ√âÕπ ∫√‘‡«≥ª≈“¬πÈ”¡’§à“
1.32 ¡°./≈‘µ√ §à“°“√π”‰øøÑ“¡’§à“ Ÿß ÿ¥ 39.10 ‰¡‚§√´’
‡¡π å/´¡.„π∫√‘‡«≥ª≈“¬πÈ”¢Õßƒ¥Ÿ√âÕπ ª√‘¡“≥¢Õß
·¢Áß·¢«π≈Õ¬ ¡’§à“ Ÿß ÿ¥„π∫√‘‡«≥ µâππÈ”¢Õßƒ¥Ÿ√âÕπ ·≈–
µË” ÿ¥∫√‘‡«≥ª≈“¬πÈ”„πµâπƒ¥ŸΩπ ¡’§à“ 3.93 ¡°./≈‘µ√·≈–
1.65 ¡°./≈‘µ√ µ“¡≈”¥—∫  à«πÕÿ≥À¿Ÿ¡‘ §«“¡‡ªìπ°√¥-‡∫ 
§«“¡‡√Á«¢Õß°√–· πÈ”·≈–ª√‘¡“≥¢ÕßÕÕ° ‘́‡®π∑’Ë≈–≈“¬πÈ”
æ∫«à“‰¡à¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
(P>0.05) Õ¬à“ß‰√°Áµ“¡§«“¡‡√Á«¢Õß°√–· πÈ”®–‡æ‘Ë¡¢÷Èπ
‡¡◊ËÕ‡¢â“ƒ¥ŸΩπ·≈– §«“¡‡√Á«∫√‘‡«≥µâππÈ”¡’§à“ Ÿß°«à“ª≈“¬
πÈ” ‚¥¬¡’§à“ Ÿß ÿ¥„π∫√‘‡«≥µâππÈ”¢Õßƒ¥ŸΩπ«—¥‰¥â 0.64 ‡¡µ√
/«‘π“∑’ (Table 2.)

nd  =  not detected



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 29 ©∫—∫∑’Ë 1 ¡.§.
 

-
 

°.æ. 2550
§«“¡À≈“°™π‘¥¢Õß‡∫π∑‘§‰¥Õ–µÕ¡·≈–§«“¡ —¡æ—π∏å°—∫ªí®®—¬ ‘Ëß·«¥≈âÕ¡

81   «‘¿“«’  ¥”¡’ ·≈–§≥–

3. §«“¡ —¡æ—π∏å√–À«à“ß‡∫π∑‘§‰¥Õ–µÕ¡°—∫ªí®®—¬∑“ß

   ¥â“π°“¬¿“æ·≈–‡§¡’¢ÕßπÈ”

®“°°“√«‘‡§√“–Àåªí®®—¬∑“ß¥â“π°“¬¿“æ·≈–‡§¡’
¢ÕßπÈ”∑’Ë¡’º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß§«“¡™ÿ°™ÿ¡¢Õß‡∫π∑‘§
‰¥Õ–µÕ¡„π·µà≈–ƒ¥Ÿ°“≈ ‚¥¬„™â«‘∏’ CCA æ∫«à“ ª√‘¡“≥
‰π‡µ√∑ ´‘≈‘‡°µ ∫’‚Õ¥’ §«“¡‡ªìπ°√¥-‡∫  °“√π”‰øøÑ“
Õÿ≥À¿Ÿ¡‘ ·≈–§«“¡‡√Á«¢Õß°√–· πÈ” ‡ªìπªí®®—¬∑’Ë¡’º≈µàÕ
‡∫π∑‘§‰¥Õ–µÕ¡ ‚¥¬„πƒ¥Ÿ√âÕπªí®®—¬∑’Ë¡’º≈¡“°∑’Ë ÿ¥§◊Õ
°“√π”‰øøÑ“ (axis 1 = -0.62, axis 2 = -0.22) §«“¡‡√Á«
°√–· πÈ” (axis 1 = 0.59, axis 2 = 0.56) ∫’‚Õ¥’ (axis 1 =

0.23, axis 2 = -0.11) ·≈–´‘≈‘‡°µ (axis 1 = 0.14, axis 2

= -0.47 µ“¡≈”¥—∫ ·°π∑’Ë 1 ·≈– 2 · ¥ßº≈√«¡ 76.90 %

„πƒ¥Ÿ√âÕπ‡∫π∑‘§‰¥Õ–µÕ¡ à«π„À≠à‡®√‘≠‰¥â¥’„π ¿“«–∑’Ë
¡’°“√‡ª≈’Ë¬π·ª≈ß§«“¡‡√Á«¢Õß°√–· πÈ”πâÕ¬ ‰¥Õ–µÕ¡
∑’Ë¡’§«“¡™ÿ°™ÿ¡„π°√–· πÈ”§àÕπ¢â“ß·√ß ‰¥â·°à Frustulia

rhomboides (Ehrenberg) De Toni (Figure 4 A) „πµâπ
ƒ¥ŸΩπ §«“¡‡√Á«°√–· πÈ” (axis 1 = 0.69, axis 2 = 0.07)

ª√‘¡“≥¢Õß·¢Áß·¢«π≈Õ¬ (axis 1 = -0.65, axis 2 = 0.27)

Õÿ≥À¿Ÿ¡‘ (axis 1 = 0.27, axis 2 = 0.55) ·≈–§«“¡‡ªìπ
°√¥-‡∫  (axis 1 = -0.26, axis 2 = 0.90) ‡ªìπªí®®—¬∑’Ë¡’
º≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß§«“¡™ÿ°™ÿ¡¢Õß‡∫π∑‘§‰¥Õ–µÕ¡
·°π∑—Èß Õß· ¥ßº≈√«¡ 76.98% ‚¥¬„πµâπƒ¥ŸΩπ ‡∫π∑‘§
‰¥Õ–µÕ¡ “¡“√∂‡®√‘≠‰¥â¥’„π∫√‘‡«≥∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ß
¢Õß§«“¡‡√Á«°√–· πÈ” ·≈–ª√‘¡“≥¢Õß·¢Áß·¢«π≈Õ¬µË”
(Figure 4 B)  à«π„πƒ¥ŸΩπªí®®—¬∑’Ë¡’º≈‰¥â·°à ‰π‡µ√∑ (axis

1 = 0.66, axis 2 = 0.715) °“√π”‰øøÑ“ (axis 1 = -0.61,

axis 2 = -0.02) ¢Õß·¢Áß·¢«π≈Õ¬ (axis 1 = -0.46, axis

2 = 0.54) ·≈– ´‘≈‘‡°µ (axis 1 = 0.38, axis 2 = -0.52)

·°π∑’Ë 1 ·≈– 2 · ¥ßº≈√«¡ 74.47 % „πƒ¥ŸΩπ ªí®®—¬
 ”§—≠„π°“√§«∫§ÿ¡§«“¡™ÿ°™ÿ¡¢Õß‡∫π∑‘§‰¥Õ–µÕ¡§◊Õ
°“√π”‰øøÑ“ ·≈–ª√‘¡“≥‰π‡µ√∑ ‚¥¬ Navicula rhyncho-

cephala K ˙̇utzing ‡ªìπ‰¥Õ–µÕ¡∑’Ë¡’§«“¡™ÿ°™ÿ¡ Ÿß‡¡◊ËÕ¡’
ª√‘¡“≥‰π‡µ√∑ Ÿß  à«π Pinnularia  similis Hustedt ·≈–
Surirella robusta Ehrenberg ®–¡’§«“¡™ÿ°™ÿ¡ Ÿß‡¡◊ËÕ
°“√π”‰øøÑ“ Ÿß (Figure 4C) ®“°°“√»÷°…“„π§√—Èßπ’È‰¡àæ∫
ªí®®—¬‡¥àπ™—¥„π°“√§«∫§ÿ¡§«“¡™ÿ°™ÿ¡¢Õß A.minutissima

K ˙̇utzing ·≈– A.lanceolata (Brebission) Grunow ´÷Ëß
‡ªìπ‰¥Õ–µÕ¡™π‘¥‡¥àπ„π∫√‘‡«≥π’È

«‘®“√≥åº≈°“√»÷°…“

°“√»÷°…“„π§√—Èßπ’Èæ∫‡∫π∑‘§‰¥Õ–µÕ¡ 49 ™π‘¥ ®“°
°“√‡°Á∫µ—«Õ¬à“ß‡∫π∑‘§‰¥Õ–µÕ¡„π«— ¥ÿ¬÷¥‡°“– 2 ™π‘¥§◊Õ
°âÕπÀ‘π·≈–æ◊Èπ∑√“¬ ‰¥Õ–µÕ¡∑’Ë‡ªìπ™π‘¥‡¥àπ∫π«— ¥ÿ¬÷¥
‡°“–∑’Ë‡ªìπÀ‘π‰¥â·°à Achnanthes  minutissima  K ˙̇utzing

¬÷¥‡°“–°—∫æ◊Èπº‘«‚¥¬°“√„™â√“øï (raphe) ¡’°“√¢—∫‡¡◊Õ°
¡“ √â“ß°â“π —ÈπÊ µ√ß∫√‘‡«≥„°≈âª≈“¬‡´≈≈å (sub apical)

·≈–«“ßµ—«„π≈—°…≥–§«Ë”≈ß°—∫æ◊Èπ °“√«“ßµ—«„π≈—°…≥–
π’È∑”„Àâ≈¥æ◊Èπ∑’Ë„π°“√ª–∑–°—∫°√–· πÈ” ́ ÷Ëß∑”„À âAchnant-

hes minutissima K ˙̇utzing ¡’§«“¡Àπ“·πàπ Ÿß ·≈–ª√–-
 ∫§«“¡ ”‡√Á®„π°“√Õ“»—¬Õ¬Ÿà∫√‘‡«≥∑’Ë°√–· πÈ”‰À≈·√ß
(Peterson, 1996; Mullner and Schagerl, 2003;  Biggs

and Smith, 2002; Passy , 2001) ‡™àπ ∫√‘‡«≥πÈ”µ°
‚µπß“™â“ß à«π Achnanthes lanceolata (Brebission) ‡ªìπ
‰¥Õ–µÕ¡™π‘¥‡¥àπ∫πæ◊Èπ∑√“¬¬÷¥‡°“–°—∫‡¡Á¥∑√“¬‚¥¬„™â
√“øï‡°“–°—∫‡¡Á¥∑√“¬‚¥¬µ√ß (prostrate form) ¡—°®–æ∫
Õ¬Ÿà∫√‘‡«≥√Õ¬·µ°¢Õß‡¡Á¥∑√“¬ ́ ÷Ëß∑”„Àâ “¡“√∂≈¥°“√™–
‚¥¬°√–· πÈ”‡¡◊ËÕ‡¡Á¥∑√“¬∂Ÿ°æ—¥æ“ (Biggs, 1996) ·≈–
æ∫‰¥Õ–µÕ¡™π‘¥‡¥àπ ∫π«— ¥ÿ¬÷¥‡°“–∑—Èß 2 ™π‘¥‡ªìπ‰¥
Õ–µÕ¡∑’Ë¡’¢π“¥‡≈Á° ‡°“–µ‘¥°—∫«— ¥ÿ‚¥¬µ√ßÀ√◊Õ¢—∫‡¡◊Õ°
¡“ √â“ß°â“π —ÈπÊ ‡™àπ Achnanthes lanceolata (Brebis-

sion) Grunow, A. minutissima  K ˙̇utzing, A. oblongella

Oestrup, G. angustatum (K ˙̇utzing) Rabenhorst ·≈–
A. laevis Oestrup ´÷ËßπÕ°®“° “¡“√∂¬÷¥‡°“–°—∫«— ¥ÿ‰¥â
Õ¬à“ß·¢Áß·√ß·≈â« ¬—ß “¡“√∂ªÑÕß°—π°“√§√Ÿ¥°‘π (grazing)

®“° —µ«å°‘πæ◊™‰¥â‡ªìπÕ¬à“ß¥’ (Steinman and Mc-

Intire, 1990)

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫®”π«π™π‘¥¢Õß‡∫π∑‘§‰¥Õ–µÕ¡
„π·µà≈–æ◊Èπ∑’Ë∑’Ë»÷°…“ ·≈–„π·µà≈–ƒ¥Ÿ°“≈ æ∫«à“‰¡à¡’§«“¡
·µ°µà“ß√–À«à“ß®”π«π™π‘¥ √–À«à“ß∫√‘‡«≥µâππÈ”·≈–ª≈“¬
πÈ”·µà‡¡◊ËÕæ‘®“√≥“®”π«π™π‘¥¢Õß‡∫π∑‘§‰¥Õ–µÕ¡„π·µà
≈–ƒ¥Ÿ°“≈ æ∫®”π«π™π‘¥¢Õß‡∫π∑‘§‰¥Õ–µÕ¡∑’Ë¢÷Èπ∫πÀ‘π
¡’®”π«π™π‘¥·µ°µà“ß°—π„πƒ¥Ÿ√âÕπ ·≈–ƒ¥ŸΩπ Õ¬à“ß¡’π—¬
 ”§—≠∑“ß ∂‘µ‘ (P<0.05) ‚¥¬®”π«π™π‘¥≈¥≈ß‡¡◊ËÕ‡¢â“ Ÿà
ƒ¥ŸΩπ ´÷Ëß Õ¥§≈âÕß°—∫°“√‡ª≈’Ë¬π·ª≈ß¢Õßªí®®—¬∑“ß
°“¬¿“æ·≈–‡§¡’¢ÕßπÈ” ‚¥¬‡©æ“–ª√‘¡“≥ “√Õ“À“√∑’Ë
·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ (P<0.05)  ·≈– §«“¡‡√Á«
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Figure 2.  PCA of epilithic diatom at Ton Ngachang Waterfall from April 2004 to February 2005.

                 Numbers corresponding to species codes are listed in Table 1.

                 (A = upstream in summer, B = downstream in summer, C = upstream in early rain,

                  D = downstream in early rain, E = upstream in rain, F = downstream in rain)
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Figure 3. PCA of epipsammic diatom at Ton Ngachang Waterfall from  April 2004 to February

                2005. Numbers corresponding to species codes are listed in Table 1.

                (A =  upstream in summer, B = downstream in summer, C = upstream in early rain,

                 D = downstream in early rain, E = upstream in rain, F = downstream in rain)
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Figure 4. CCA  on relative abundance of benthic diatom  and physico-chemical parameters at Ton Ngachang Waterfall

                     from April 2004 to February 2005. Numbers corresponding to species codes are listed in Table 1. (A = Summer,

                 B = Early rain,  C = Rain)
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¢Õß°√–· πÈ”∑’Ë·µ°µà“ß°—π„π·µà≈–ƒ¥Ÿ°“≈ „π¢≥–∑’Ë
®”π«π™π‘¥¢Õß‰¥Õ–µÕ¡∑’Ë¢÷Èπ∫π∑√“¬¡’°“√‡ª≈’Ë¬π·ª≈ß
πâÕ¬ Õ“®‡ªìπ‡æ√“–‰¥Õ–µÕ¡∑’Ë¢÷Èπ∫πÀ‘π ‡¡◊ËÕ∂÷ß™à«ßƒ¥ŸΩπ
°√–· πÈ”·√ß¢÷Èπ ∑”„Àâ‡∫π∑‘§‰¥Õ–µÕ¡∂Ÿ°°√–· πÈ”™–
ÕÕ°¡“°¢÷Èπ  à«π‡∫π∑‘§‰¥Õ–µÕ¡∑’Ë¢÷Èπ∫π∑√“¬  πÕ°®“°
°“√‡ª≈’Ë¬π·ª≈ßµ“¡ƒ¥Ÿ°“≈¢Õßªí®®—¬∑“ß¥â“π°“¬¿“æ
·≈–‡§¡’·≈â« §«“¡À≈“°™π‘¥¢Õß‡∫π∑‘§‰¥Õ–µÕ¡¬—ß¢÷Èπ
Õ¬Ÿà°—∫ µ”·Àπàß¢Õßæ◊Èπ∑√“¬¿“¬„π≈”∏“√π—ÈπÕ’°¥â«¬
(Passy, 2001) ‚¥¬§√—Èßπ’È∑”°“√‡°Á∫µ—«Õ¬à“ß‰¥Õ–µÕ¡®“°
æ◊Èπ∑√“¬„π∫√‘‡«≥·ÕàßπÈ”·§∫Ê √–À«à“ß°âÕπÀ‘π ÷́Ëß¡’
§«“¡≈÷°°«à“∫√‘‡«≥°âÕπÀ‘π ∑”„Àâ∫√‘‡«≥π’È¡’°“√√∫°«π
®“°§«“¡·√ß¢Õß°√–· πÈ”πâÕ¬°«à“∫√‘‡«≥°âÕπÀ‘π ÷́Ëß¡’
°“√ª–∑–°—∫°√–· πÈ”‚¥¬µ√ß  πÕ°®“°π’È‡¡Á¥∑√“¬·≈–
‡´≈≈å‰¥Õ–µÕ¡∑’Ë∂Ÿ°æ—¥æ“‚¥¬°√–· πÈ”Õ“®®–µ°≈ßÕ¬Ÿà„π
°âπ·Õàß àßº≈„Àâ™π‘¥·≈–ª√‘¡“≥¢Õß‰¥Õ–µÕ¡∑’Ë¢÷Èπ∫π
∑√“¬¡’‡æ‘Ë¡¢÷Èπ

§ÿ≥¿“æπÈ”∑“ß°“¬¿“æ·≈–‡§¡’∫√‘‡«≥πÈ”µ°‚µπ-
ß“™â“ß æ∫«à“‡ªìπ·À≈àßµâππÈ”∑’Ë¡’§ÿ≥¿“æ¥’ µ“¡‡°≥±å
§ÿ≥¿“æπÈ”º‘«¥‘π  “¡“√∂®—¥πÈ”µ°‚µπß“™â“ß‡ªìπ·À≈àß
πÈ”ª√–‡¿∑ 1 §◊Õ‡ªìπ·À≈àßπÈ” ‡æ◊ËÕ°“√¢¬“¬æ—π∏ÿåµ“¡
∏√√¡™“µ‘¢Õß ‘Ëß¡’™’«‘µ√–¥—∫æ◊Èπ∞“π  ‡æ◊ËÕ°“√Õπÿ√—°…å ·≈–
„™âÕÿª‚¿§∫√‘‚¿§ (ª√–°“»§≥–°√√¡°“√ ‘Ëß·«¥≈âÕ¡·Ààß
™“µ‘, 2537) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§ÿ≥¿“æπÈ” ¢ÕßπÈ”µ°‚µπ-
ß“™â“ß®“°°“√»÷°…“§√—Èßπ’È °—∫°“√»÷°…“¢Õß æ√»‘≈ªá º≈
æ—π∏‘π ·≈–æ‘¡æ√√≥ µ—π °ÿ≈ (µ‘¥µàÕ à«πµ—«) ´÷Ëß∑”°“√
»÷°…“√–À«à“ß‡¥◊Õπ‡¡…“¬π 2546 ∂÷ß ‡¥◊Õπ°ÿ¡¿“æ—π∏å
2547 °àÕπ°“√»÷°…“§√—Èßπ’È 1 ªïæ∫«à“ „π°“√»÷°…“§√—Èßπ’È
ª√‘¡“≥‰π‡µ√∑ (1.36¡°./≈‘µ√) øÕ ‡øµ (14.58

‰¡‚§√°√—¡/≈‘µ√) ·≈– ´‘≈‘‡°µ (0.38 ¡°./≈‘µ)¡’§à“ Ÿß°«à“
°“√»÷°…“„π™à«ß‡«≈“‡¥’¬«°—π¢Õß°“√»÷°…“„πªï 2546

(0.12 ¡°./≈‘µ√, 11.5 ‰¡‚§√°√—¡/≈‘µ√ ·≈– 0.25¡°./≈‘µ√
µ“¡≈”¥—∫)  à«πªí®®—¬Õ◊ËπÊ¡’§à“„°≈â‡§’¬ß°—π´÷Ëß®–‡ÀÁπ‰¥â«à“
Õ“®®–¡’°“√ªπ‡ªóôÕπ¢Õß “√Õ“À“√„π∫√‘‡«≥πÈ”µ°‚µπ-
ß“™â“ß‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§ÿ≥¿“æπÈ”„ππÈ”µ°‚µπß“-
™â“ß°—∫≈”πÈ”·¡à “ ®—ßÀ«—¥‡™’¬ß„À¡à æ∫«à“πÈ”„π≈”πÈ”·¡à “
¡’ª√‘¡“≥ “√Õ“À“√ Ÿß°«à“ ‚¥¬≈”πÈ”·¡à “ ¡’ª√‘¡“≥‰π-
‡µ√∑ Ÿß°«à“ 6 ‡∑à“ (9.635 ¡°./≈‘µ√) ª√‘¡“≥øÕ ‡øµ Ÿß
°«à“ 136 ‡∑à“ (2,040 ‰¡‚§√°√—¡/≈‘µ√) ·≈–´‘≈‘‡°µ Ÿß°«à“

°«à“ 1.4 ‡∑à“ (0.56 ¡°./≈‘µ√) (Pekthong, 2002) ∑—Èßπ’È‡ªìπ
‡æ√“–æ◊Èπ∑’Ë√—∫πÈ”¢Õß≈”πÈ”·¡à “ ª√–°Õ∫¥â«¬·À≈àß™ÿ¡™π
·≈–æ◊Èπ∑’Ë‡°…µ√°√√¡ ®÷ßÕ“®®–∑”„Àâ‡°‘¥°“√ªπ‡ªóôÕπ¢Õß
 “√‡§¡’·≈–∏“µÿÕ“À“√≈ß Ÿà·À≈àßπÈ”  à«π„π∫√‘‡«≥πÈ”µ°
‚µπß“™â“ßπ—Èπæ◊Èπ∑’Ë√—∫πÈ”®—¥‡ªìπªÉ“ ¡∫Ÿ√≥å (°√¡ªÉ“‰¡â,
¡.ª.ª.) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫®”π«π™π‘¥¢Õß‡∫π∑‘§‰¥Õ–µÕ¡
√–À«à“ß∫√‘‡«≥πÈ”µ°‚µπß“™â“ß °—∫πÈ”µ°·¡à “ ́ ÷Ëß‡ªìπ à«π
Àπ÷Ëß¢Õß≈”πÈ”·¡à “æ∫«à“ πÈ”µ°‚µπß“™â“ß¡’§«“¡À≈“°
™π‘¥¢Õß‡∫π∑‘§‰¥Õ–µÕ¡ (49 ™π‘¥) ¡“°°«à“πÈ”µ°·¡à “
´÷Ëßæ∫‡æ’¬ß 19 ™π‘¥‡∑à“π—Èπ (Peerapornpisal et  al., 2000)

®“°°“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å√–À«à“ß‡∫π∑‘§‰¥Õ–-
µÕ¡°—∫ªí®®—¬∑“ß¥â“π°“¬¿“æ·≈–‡§¡’¢ÕßπÈ” ¥â«¬«‘∏’ CCA

æ∫«à“ª√‘¡“≥‰π‡µ√∑ ´‘≈‘‡°µ ∫’‚Õ¥’ §«“¡‡ªìπ°√¥-‡∫ 
°“√π”‰øøÑ“ Õÿ≥À¿Ÿ¡‘ ·≈–§«“¡‡√Á«¢Õß°√–· πÈ” ‡ªìπ
ªí®®—¬∑’Ë¡’§«“¡ —¡æ—π∏å°—∫§«“¡™ÿ°™ÿ¡¢Õß‡∫π∑‘§‰¥Õ–µÕ¡
‚¥¬§«“¡‡√Á«°√–· πÈ”‡ªìπªí®®—¬À≈—°„π°“√§«∫§ÿ¡°“√
‡ª≈’Ë¬π·ª≈ß§«“¡™ÿ°™ÿ¡¢Õß‡∫π∑‘§‰¥Õ–µÕ¡  Õ¥§≈âÕß
°—∫¢âÕ √ÿª¢Õß Passy (2001) ™÷Ëß∑”°“√»÷°…“§«“¡À≈“°
™π‘¥¢Õß‡∫π∑‘§‰¥Õ–µÕ¡ „π≈”∏“√ White Creek (Was-

hington Country, New York) ‰¥â √ÿª«à“§«“¡‡√Á«¢Õß
°√–· πÈ”‡ªìπªí®®—¬∑’Ë ”§—≠∑’Ë ÿ¥„π°“√°”Àπ¥ª√–™“§¡
¢Õß‡∫π∑‘§·Õ≈®’ ‚¥¬§«“¡‡√Á«¢Õß°√–· πÈ”®–‡ªìπµ—«
°”Àπ¥≈—°…≥–¢Õßæ◊Èπ∑âÕßπÈ” (Ghosh and Gaur, 1998)

÷́Ëß≈—°…≥–¢Õßæ◊Èπ∑âÕßπÈ”∑’Ëµà“ß°—π àßº≈„Àâª√–™“§¡¢Õß
‡∫π∑‘§·Õ≈®’·µ°µà“ß°—π·≈–¡’º≈µàÕ √Ÿª√à“ß  √’√«‘∑¬“
π‘‡«»«‘∑¬“ Õ—µ√“°“√·≈°‡ª≈’Ë¬πª√–®ÿ√–À«à“ß‡´≈≈å “À√à“¬
°—∫πÈ”¡«≈™’«¿“æ·≈–ª√–™“§¡¢Õß‡∫π∑‘§·Õ≈®’   Õ¬à“ß‰√
°Áµ“¡ ®“°°√“ø biplot ¢Õß°“√«‘‡§√“–Àå CCA ®–‡ÀÁπ‰¥â
«à“‡∫π∑‘§‰¥Õ–µÕ¡ à«π„À≠à ¡’µ”·ÀπàßÕ¬Ÿà∫√‘‡«≥„°≈â®ÿ¥µ—¥
¢Õß°√“ø ́ ÷Ëß· ¥ß„Àâ‡ÀÁπ«à“‰¡à¡’ªí®®—¬„¥∑’Ë§«∫§ÿ¡§«“¡™ÿ°-
™ÿ¡¢Õß‡∫π∑‘§‰¥Õ–µÕ¡Õ¬à“ß‡¥àπ™—¥ πÕ°®“°ªí®®—¬∑“ß
¥â“π°“¬¿“æ·≈–‡§¡’·≈â« ªí®®—¬∑“ß¥â“π™’«¿“æ ‰¥â·°à  —µ«å
°‘πæ◊™ ‡™àπ  —µ«å‰¡à¡’°√–¥Ÿ° —πÀ≈—ß ·≈– ª≈“ ∑’ËÕ“»—¬Õ¬Ÿà„π
√–∫∫π‘‡«»≈”∏“√ ‡ªìπªí®®—¬∑’Ë ”§—≠„π°“√§«∫§ÿ¡¡«≈
™’«¿“æ¢Õß‡∫π∑‘§‰¥Õ–µÕ¡ ‚¥¬¡«≈™’«¿“æ≈¥≈ß‡¡◊ËÕ —µ«å
°‘πæ◊™„π√–∫∫‡æ‘Ë¡¡“°¢÷Èπ (Steiman, 1996; Pringle and

Hamazaki, 1997) Õ¬à“ß‰√°Áµ“¡ „π°“√»÷°…“§√—Èßπ’È‰¡à‰¥â
»÷°…“º≈¢Õß —µ«å°‘πæ◊™µàÕ‡∫π∑‘§‰¥Õ–µÕ¡
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